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1-2 Section 1 - General, Definitions A,B,C,D,E
Note : the rules and regulations.

Passages printed in italics generally contain recommendations

and notes which are not part of the Classification. Requirements B. Restricted Service Ranges

quoted in extracts of statutory regulations, which are mandatory

besides Classification, may also be printed in italics. 1. For determining the scantlings of the longitudinal and

A. Validity, Equivalence

1. The Rules apply to seagoing steel ships classed 1
A 5 whose breadth to depth ratio is within the range
common for seagoing ships and the depth H of which is

not less than:

- L/16 for unlimited range of service and Y
(Restricted International Service)

- L/18 for K50 or K20 (Coastal Service)
- L/19 L1 or L2 (Harbour Service).

Smaller depths may be accepted if proof is submitted of
equal strength, rigidity and safety of the ship.

Hull structural design of bulk carriers with L = 90 m.
contracted for construction on or after 1% April 2006, is to
be carried out on the basis of the IACS Common
Structural Rules for Bulk Carriers and Oil Tankers, Part 1
and Part 2, Chapter 1.

Accordingly for double hull oil tankers with L = 150 m. the
IACS Common Structural Rules for Bulk Carriers and Oil
Tankers, Part 1 and Part 2, Chapter 2 are applicable from
this date on. For these ships Section 28, A. is to be

observed in addition.

For bulk carriers and oil tankers below each individual
length limit these TL Rules continue to apply under

particular consideration of Section 27 and Section 28.

2. Ships deviating from the Construction Rules in
their types, equipment or in some of their parts may be
classed, provided that their structures or equipment are
found to be equivalent to TL's requirements for the
respective class.

3. For Classification Notations see Classification and
Surveys, Section 2, D.

4. For the ship and with the class notation IWS see

transverse structures of ships intended to operate within one
of the restricted service ranges Y, K and L, the dynamic

loads may be reduced as specified in Section 5 and 6.

2. For the definition of the service ranges Y, K50, K20,
L1 and L2 see "Classification and Surveys" Section 2,
D.2.4.

C. Special-Purpose Vessels

When a ship is intended to carry special cargoes (e.g.
logs) the loading, stowage and discharging of which may
cause considerable stressing of structures in way of the
cargo holds, such structures are to be investigated for

their ability to withstand these loads.

D. Accessibility

1. All parts of the hull are to be accessible for survey

and maintenance.

2. For safe access to the cargo area of oil tankers
and bulk carriers see Section 16, G.

E. Stability

1. General

Ships with a length of 24 m. and above will be assigned
class only after it has been demonstrated that their intact
stability is adequate for the service intended.

Adequate intact stability means compliance with
standards laid down by the Administration. TL reserve
the rights deviate there from, if required for special
reasons, taking into account the ships' size and type. The
level of intact stability for ships with a length of 24 m and
above in any case should not be less than that provided
by Part A of IMO Resolution MSC.267 (85) — Adoption of
the International Code on Intact Stability, 2008 as
applicable to the type of ship being considered, unless
special operational restrictions reflected in the class
notation render this possible.
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E Section 1 - General, Definitions 1-3

Where other criteria are accepted by the Administration
concerned, these criteria may be used for the purpose of
classification.

Part A Chapter 2 Item 2.3 - Severe Wind and Rolling
Criterion (Weather Criterion) of MSC. 267(85) has only to be
taken into account on special advice of the competent

Administration.

Special attention is to be paid to the effect of free
surfaces of liquids in partly filled tanks. Special
precautions shall be taken for tanks which, due to the
geometry, may have excessive free surface moments,
thus jeopardizing the initial stability of the vessel, e.qg.
tanks in the double bottom reaching from side to side. In

general such tanks shall be avoided.

The above provisions do not affect any intact stability
requirements resulting from damage stability calculations,
e.g. for ships to which the symbol FS is assigned.

Submission of a document approved by the
Administration concerned to TL, may be accepted for the

purpose of classification.
2. Ship with Proven Damage Stability

Ship with proven damage stability will be assigned the
symbol FS. In an appendix to the Class Certificate the
proof of the damage stability will be specified by a five
digit code as detailed in “Classification and Surveys”,
Section 2, D.2.7.2.

2.1 Damage stability requirements applicable to
bulk carriers

2.1.1 Bulk carriers of 150 m. in length and upwards of
single side skin construction, designed to carry solid bulk
cargoes having a density of 1.000 kg/m3 and above shall,
when loaded to the summer load line, be able to
withstand flooding of any one cargo hold in all loading
conditions and remain afloat in a satisfactory condition of
equilibrium, as specified in the next 2.1.2 paragraph.

Subject to the provisions of that paragraph, the condition of
equilibrium after flooding shall satisfy the condition of
equilibrium laid down in the annex to resolution A.320(1X),

Regulation equivalent to regulation 27 of the International

Convention on Load Lines, 1966, as amended by
resolution A.514(13). The assumed flooding need only
take into account flooding of the cargo hold space. The
permeability of a loaded hold shall be assumed as 0,9 and
the permeability of an empty hold shall be assumed as
0,95, unless a permeability relevant to a particular cargo is
assumed for the volume of a flooded hold occupied by
cargo and a permeability of 0,95 is assumed for the
remaining empty volume of the hold.

Bulk carriers which have been assigned a reduced
freeboard in compliance with the provisions of paragraph
(8) of the regulation equivalent to regulation 27 of the
International Convention on Load Lines, 1966, adopted
by resolution A.320(IC), as amended by resolution
A.514(13), may be considered as complying with
paragraphs 2.1.1.

2.1.2 On bulk carriers which have been assigned
reduced freeboard in compliance with the provisions of
regulation 27(8) set out in Annex B of the Protocol of
1988 relating to the International Convention on Load
Lines, 1966, the condition of equilibrium after flooding
shall satisfy the relevant provisions of that Protocol.

2.1.3 Ships with assigned reduced freeboards intended
to carry deck cargo shall be provided with a limiting GM
or KG curve required by SOLAS Chapter II-1, Regulation
25-8, based on compliance with the probabilistic damage
stability analysis of Part B-1 (see IACS Unified
Interpretation LL 65).

3. Anti-Heeling Devices

3.1 If tanks are used as anti-heeling devices, effects of
maximum possible tank moments on intact stability are to
be checked. A respective proof has to be carried out for
several draughts and taking maximum allowable centres of
gravity resulting from the stability limit curve as a basis.

3.2 If the ship heels more than 10°, Chapter 4,
Machinery, Section 16, P.1.4 has to be observed.

3.3  All devices have to comply with Chapter 5, Electric,
Section 7, G.
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1-4 Section 1 - General, Definitions F.G

F. Vibrations and Noise

1. Mechanical Vibrations

Operating conditions which are encountered most
frequently should be kept free as far as possible from
resonance vibrations of the ship hull and individual
structural components. Therefore, the exciting forces
coming from the propulsion plant and pressure fluctuations
should be limited as far as possible. Beside the selection
of the propulsion units particular attention is to be given to
the ship's lines including the stern post, as well as to the
minimization of possible cavitation. In the shaping of the
bow of large ships, consideration is to be given to limit
excitation from the seaway. As far as critical excitation
loads cannot be eliminated, appropriate measures are to
be taken on the basis of theoretical investigations at an
early design stage. Fatigue considerations must be
included. For machinery, equipment and other installations
the vibration level is to be kept below that specified in
Chapter 4, Machinery Section 1.D, as far as possible.

The evaluation of vibrations in living and working areas
should follow ISO 6954 except where other national or
international rules or standards are mandatory. It is
recommended to use the lower transition curve of I1ISO
6954 as a criteria for design, whereas the upper curve

may serve for the evaluation of vibration measurements.

2. Noise

Suitable precautions are to be taken to keep noises as
low as possible particularly in the crew's quarters working
spaces, passengers' accommodations etc. Ships, which
are 1,600 gross tonnage and above as defined in SOLAS
11-1/3-12 shall be constructed to reduce onboard noise
and to protect personnel from the noise in accordance
with “the Code on noise levels on board ships” (adopted
by resolution MSC.337(91)) unless the Administration
deems that compliance with a particular provision is
unreasonable or impractical.

G. Documents for Approval

1. To ensure conformity with the Rules the following
drawings and documents are to be submitted in triplicate
showing the arrangement and the scantlings of structural
members:

1.1  Midship section

The cross sectional plans (midship section, other typical
sections) must contain all necessary data on the
scantlings of the longitudinal and transverse hull structure

as well as details of anchor and mooring equipment.

1.2 Longitudinal section

The plan of longitudinal sections must contain all
necessary details on the scantlings of the longitudinal
and transverse hull structure and on the location of the
watertight bulkheads and the deck supporting structures
arrangement of superstructures and deck houses, as well
as supporting structures of cargo masts, cranes etc.

1.3 Decks

Plans of the decks showing the scantlings of the deck
structures, length and breadth of cargo hatches, openings
above the engine and boiler room, and other deck openings.
On each deck, it has to be stated which deck load caused
by cargo is to be assumed in determining the scantlings of
the decks and their supports. Furthermore, details on
possible loads caused by fork lift trucks and containers are
to be stated.

1.4  Shell

Drawings of shell expansion, containing full details on the
location and size of the openings and drawings of the sea
chests.

1.5 Icestrengthening

The drawings listed in 1.1 to 1.9 must contain all
necessary details on ice strengthening.

1.6 Bulkheads

Drawings of the transverse, longitudinal and wash
bulkheads and of all tank boundaries, with details on
densities of liquids, heights of overflow pipes and set
pressures of the pressure-vacuum relief valves (if any).

1.7 Bottom structure

1.7.1 Drawings of single and double bottom showing the
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G Section 1 - General, Definitions 1-5

arrangement of the transverse and longitudinal girders as
well as the water and oiltight subdivision of the double
bottom. For bulk and ore carriers, data are to be stated

on the maximum load on the inner bottom.

1.7.2 Docking plan and docking calculation according to
Section 7 and 8 are to be submitted for information.

1.8 Engine and boiler seatings

Drawings of the engine and boiler seatings, the bottom
structure under the seatings and of the transverse
structures in the engine room, with details on fastening of
the engine foundation plate to the seating, as well as type
and output of engine.

1.9 Stem and stern post and rudder

Drawings of stem and stern post, of rudder, including
rudder support. The rudder drawings must contain details
on the ship's speed, the bearing materials to be
employed, and the ice strengthening. Drawings of
propeller brackets and shaft exits.

1.10 Hatchways

Drawings of hatchway construction and hatch covers.
The drawings of the hatch coamings must contain all
details including cut-outs for the fitting of equipment such
as stoppers, securing devices etc. necessary for the
operation of hatches.

1.11 Longitudinal strength

All necessary documents for the calculation of bending
moments, shear forces and, if necessary, torsional mo-
ments. This includes the mass distribution for the envi-
saged loading conditions and the distribution of section
moduli and moduli of inertia over the ship's length.

Loading Guidance Information according to Section 6. H.
1.12 Materials

The drawings mentioned in 1.1 to 1.10 and 1.15 must
contain details on the hull materials (e.g. hull structural

steel grades, standards, material numbers). Where

higher tensile steels or materials other than ordinary hull

structural steels are used, drawings for possible repairs

have to be placed on board.

1.13 Weld joints

The drawings listed in items 1.1 to 1.10 and 1.15 must
contain details on the welded joints e.g. weld shapes and
dimensions and weld quality. For the relevant data for
manufacturing and testing of welded joints see Chapter 3
- Welding.

1.14 Lashing and stowage devices

Drawings containing details on stowage and lashing of
cargo (e.g. containers, car decks).

1.15 Substructures

Drawings of substructures below steering gears,
windlasses and chain stoppers as well as masts and boat
davits together with details on loads to be transmitted into
structural elements.

1.16 Closing condition

For assessing the closing condition, details on closing
appliances of all openings on the open deck in position 1
and 2 according to ICLL 66 and in the shell, i.e.
hatchways, cargo ports, doors, windows and side
scuttles, ventilators, erection openings, manholes,
sanitary discharges and scuppers.

1.17 Intact stability

An inclining experiment must be performed upon
completion of newbuildings and/or conversions in order
to determine the lightship particulars.

Intact stability particulars containing all information
required for calculation of stability in different loading
conditions are to be provided. For initial assignment of
class to newbuildings, preliminary particulars will be
acceptable.

1.18 Damage stability

Damage stability particulars containing all information

required for establishing unequivocal condition for intact
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1-6 Section 1 - General, Definitions G,H

stability are to be provided. A damage control plan with
details on watertight subdivision, closable openings in
watertight bulkheads as well as cross-flooding
arrangements and discharge openings shall also be

submitted.

1.19 Structural fire protection

In addition to the fire control and safety plan also
drawings of the arrangement of divisions (insulation, A,B
and C divisions) including information regarding TL-

approval number.

Drawings of air conditioning and ventilation plants.

1.20 Special particulars for examination

1.20.1 For ships constructed for special purposes,
drawings and particulars of those parts, examination of
which is necessary for judging the vessel's strength and
safety.

1.20.2  Additional documents and drawings may be

required, if deemed necessary.

1.20.3  Any deviations from approved drawings are
subject to approval before work is commenced.

H. Definitions

1. General

Unless otherwise mentioned, the dimensions according
to 2. and 3. are to be inserted in [m] into the formula

stated in the following Sections.

2. Principal Dimensions

2.1 Length L : The length L is the distance, on the
summer load waterline from the fore side of stem to the
after side of the rudder post, or the centre of the rudder
stock, if there is no rudder post. L is not to be less than
96 % and need not be greater than 97 % of the extreme
length of the summer load waterline. In ships with
unusual stern and bow arrangement, the length L will be
specially considered.

2.2 Length L; : (According to ICLL 66, MARPOL
73/78, IBC-Code and IGC-Code) The length L. is to be
taken as 96% of the total length on a waterline at 85 % of
the least moulded depth measured from the top of the
keel, or as the length from the fore side of the stem to the
axis of the rudder stock on that waterline, if that be
greater. In ships designed with a rake of keel, the
waterline on which this length is measured shall be
parallel to the designed waterline.

2.3 Length L": (According to SOLAS 74) The length
L" of the ship is the length measured between
perpendiculars taken at the extremities of the deepest

subdivision load line.

2.4  Subdivision length Ls : Reference is made to
the definition in SOLAS 74, Chapter II-1, Reg. 25-2.2.1
and in Section 26, A.2.27.

25 Forward forward

perpendicular coincides with the foreside of the stem on

perpendicular : The

the waterline on which the respective length L, L, or L is
measured.

2.6 Breadth B The breadth B is the greatest
moulded breadth of the ship.

2.7 Depth H : The depth H is the vertical distance, at
the middle of the length L, from the base line to top of
the deck beam at side on the uppermost continuous
deck.

In way of effective superstructures the depth H is to be
measured up to the superstructure deck for determining
the ship's scantlings.

2.8  Draught T : The draught T is the vertical distance
at the middle of the length L from base line to freeboard
marking for summer load waterline. For ships with timber
load line the draught T is to be measured up to the
freeboard mark for timber load waterline.

3. Frame Spacing a : The frame spacing a will be
measured from moulding edge to moulding edge of
frame.

4, Block Coefficient Cg : Moulded block coefficient
at load draught T, based on rule length L.
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\%
Cy =
L-B-T
Vv = Moulded displacement atdraughtT[m3]
5. Ship's Speed v, : Maximum service speed [kn],

which the ship is designed to maintain at the summer
load line draught and at the propeller RPM corresponding
to MCR (Maximum Continuous Rating).

In case of controllable pitch propellers the speed v, is to
be determined on the basis of maximum pitch.

6. Definition of Decks

6.1 Bulkhead deck

Bulkhead deck is the deck up to which the watertight
bulkheads are carried.

6.2 Freeboard deck

Freeboard deck is the deck upon which the freeboard
calculation is based.

6.3  Strength deck

Strength deck is the deck or the parts of a deck which form
the upper flange of the effective longitudinal structure.

6.4  Weather deck

All free decks and parts of decks exposed to the sea are
defined as weather deck.

6.5 Lower decks

Starting from the first deck below the uppermost
continuous deck, the decks are defined as 2nd, 3rd deck,
etc.

6.6  Superstructure decks

The superstructure decks situated immediately above the
uppermost continuous deck are termed forecastle deck,
bridge deck and poop deck. Superstructure decks above
the bridge deck are termed 2nd, 3rd superstructure deck,
etc.

6.7 For the arrangement of hatches, doors and
ventilators the following areas are defined:

Position 1
- On exposed freeboard decks,

- On raised quarter decks,

- On the first exposed superstructure decks
above the freeboard deck within the forward
quarter of L.

Position 2

- On exposed superstructure decks aft of the
forward quarter of L. located at least one
standard height of superstructure above the
freeboard deck.

- On exposed superstructure decks within the
forward quarter of L. located at least two
standard heights of superstructure above the
freeboard deck.

J. International Conventions and Codes

Where reference is made of international Conventions
and Codes these are defined as follows:

1. ICLL 66

International Convention on Load Lines,1966

2. MARPOL 73/78

International Convention for the Prevention of Pollution
from Ships,1973 including the 1978 Protocol.

3. SOLAS 74

International Convention for the Safety of Life at Sea,
1974 as amended.

4, IBC-Code

International Code for the Construction and Equipment of
Ships Carrying Dangerous Chemicals in Bulk as amended.
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J,K,L,M,N

5. IGC-Code

International Code for the Construction and Equipment of

Ships Carrying Liquefied Gases in Bulk as amended.

K. Rounding-Off Tolerances

Where in determining plate thicknesses in accordance
with the provisions of the following Sections, the figures
differ from full or half mm, they may be rounded off to full
or half millimeters up to 0.2 or 0.7, above 0.2 or 0.7 mm
they are to be rounded up.

L. Regulations of National Administrations

For the convenience of the user of these Rules several
Sections contain for guidance references to such
regulations of national administrations, which deviate
from the respective rule requirements of TL but which
may have effect on scantlings and construction. These
references have been specially marked.

national

Compliance with these regulations of

administrations is not conditional for class assignment.

M. Computer Programs

1. General

1.1 In order to increase the flexibility in the structural
design of ships TL also accepts direct calculations with
computer programs. The aim of such analyses should be
the proof of equivalence of a design with the rule

requirements.

1.2 Direct calculations may also be used in order to
optimize a design; in this case only the final results are to
be submitted for examination.

2. Programs

2.1 The choice of computer programs is free. The
programs may be checked by TL through comparative
calculations with predefined test examples. A generally

valid approval for a computer program is, however, not

given by TL .

2.2 Direct calculations may be used in the following
fields:

- Longitudinal strength,

- Beams and grillages,

- Detailed strength,

- Global strength.

2.3 For such calculation the computer model, the
boundary condition and load cases are to be agreed upon
with TL. The calculation documents are to be submitted
including input and output. During the examination it may
prove necessary that TL

perform  independent

comparative calculations.

N. Workmanship

1. General

1.1 Requirements to be complied with by the
manufacturer

1.1.1 The manufacturing plant must be provided with
suitable equipment and facilities to enable proper
handling of the materials, manufacturing processes,
structural components, etc. TL reserves the right to
inspect the plant accordingly or to restrict the scope of

manufacture to the potential available at the plant.

1.1.2 The manufacturing plant must have at its disposal
sufficiently qualified personnel. TL must be advised of the
names and areas of responsibility of all supervisory and
control personnel. TL reserves the right to require proof

of qualification.

1.2  Quality control

1.2.1 As far as

manufacturer's personnel has to examine all structural

required and expedient, the
components both during manufacture and on completion,
to ensure that they are complete, that the dimensions are
correct and that workmanship is satisfactory and meets
the standard of good shipbuilding practice.
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N Section 1 - General, Definitions 1-9

1.2.2 Upon inspection and corrections by the
manufacturing plant, the structural components are to be
shown to the TL Surveyor for inspection, in suitable
sections, normally in unpainted condition and enabling
proper access for inspection.

123 The Surveyor may reject components that
have not been adequately checked by the plant and may
demand their re-submission upon successful completion

of such checks and corrections by the plant.

2. Structural Details

2.1 Details in manufacturing documents

2.1.1 All significant details concerning quality and
functional ability of the component concerned shall be
entered in the manufacturing documents (workshop
drawings, etc.). This includes not only scantlings but -
where relevant - such items as permissible tolerances,
surface conditions (finishing), and special methods of
manufacture involved as well as inspection and
acceptance requirements. For weld joint details, see
Section 20, A.1.

2.1.2 If, due to missing or insufficient details in the
manufacturing documents, the quality or functional ability
of the component cannot be guaranteed or is doubtful,
TL may require appropriate improvements. This includes
the provision of supplementary or additional parts (for
example reinforcements) even if these were not required
at the time of plan approval or if -as a result of insufficient
detailing- such requirement was not obvious.

2.2 Cut-outs, plate edges

2.2.1 The free edges (cut surfaces) of cut-outs, hatch
corners, etc. are to be properly prepared and are to be
free from notches. As a general rule, cutting drag lines
etc. must not be welded out, but are to be smoothly
ground. All edges should be broken or in cases of highly

stressed parts, should be rounded off.

2.2.2 Free edges on flame or machine cut plates or
flanges are not to be sharp cornered and are to be
finished off as laid down in 2.2.1 This also applies to
cutting drag lines etc., in particular to the upper edge of

shear strake and analogously to weld joints, changes in

sectional areas or similar discontinuities.

2.3 Cold forming

2.3.1 For cold forming (bending, flanging, beading) of
plates the minimum average bending radius should not
fall short of 3 t (t = plate thickness) and must be at least 2
t. Regarding the welding of cold formed areas, see
Section 20, B.2.6.

2.3.2 In order to prevent cracking, flame cutting flash or
sheering burrs must be removed before cold forming.
After cold forming all structural components and, in
particular, the ends of bends (plate edges) are to be
examined for cracks. Except in cases where edge cracks
are negligible, all cracked components are to be rejected.
Repair welding is not permissible.

2.4  Assembly, alignment

2.4.1 The use of excessive force is to be avoided during
the assembly of individual structural components or
during the erection of sections. As far as possible major
distortions of individual structural components should be
corrected before further assembly.

2.4.2 Girders, beams, stiffeners, frames etc. that are
interrupted by bulkheads, decks etc. must be accurately
aligned. In the case of critical components, control drilling
are to be made where necessary, which are then to be
welded up again on completion.

2.4.3 After completion of welding, straightening and
aligning must be carried out in such a manner that the
material properties will not be influenced significantly: In
case of doubt, TL may require a procedure test or a
working test to be carried out.

3. Corrosion Protection

An adequate corrosion protection of the hull and other
parts and equipment shall be provided according to the
rules and guidelines provided in Section 22. In addition,
fouling control measures must be taken into account for
the submerged part of the hull.
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1-10 Section 1 - General, Definitions O
O. Definition of Symbols A = Displacement of the ship [t].
g = Acceleration due to gravity [9.81 m/sz] T = Temperature [°C]
GM = Metacentric height [m] L = Unsupported span [m]
k = Material factor is = Radius of gyration of pillar [cm]
P = Applicable design pressure load [kN/m2] As = Degree of slenderness of pillar
F = Single forces [kN] Ren = Minimum nominal upper yield point [N/mmz]
\Y, = Ship’s speed [knots] | = Moment of inertia [cm4]
X = Distance from aft end of length L [m] w = Section modulus [cms]
y = Horizontal distance [m]. c = Bending stress [N/mm2]
z = Vertical distance [m] T = Shear stress [N/mm2]
pL = Density of liquids [t/m3] E = Young’s modulus [N/mmz]
av = Vertical acceleration [m/sz] S = First moment of the sectional area considered
[m°],
t = Plate thickness [mm]
M = Bending moment [kNm]
tk = Corrosion addition [mm]
Q = Shear force [kN]
tmin = Minimum plate thickness [mm]
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A. General
1. Introduction
11 This section has been developed with the

objective of improving the quality of seafarer
performance by improving their working and living
environments in terms of ambient environmental
qualites and in some instances the physical
characteristic on board cargo vessels and passenger
vessels.

1.2 At the owner’s or shipyard’s request, a vessel
complying with the minimum criteria for crew
accommodations and the ambient environment (i.e.
noise, climate control and lighting) provided in this
section shall be assigned a notation of ACCOM. A
vessel complying with all of the more stringent
habitability criteria with respect to crew accommodation,
whole-body vibration and climate control shall be
distinguished in the record by the notation ACCOM+. A
summary of the differences between each of the
notations is given in Table 2.1.

2. Application

This section is applicable to new and existing vessels
for which an optional Accommodation (ACCOM) or an
Accommodation Plus (ACCOM+) notation has been
requested. The habitability criteria are a measure of the
acceptability of crew accommodations and workspaces
for living and working. Meeting the criteria of this section
will fulfill the physical aspects of design but not the

procedural or managerial aspects of International Labor

Organization (ILO) Conventions 92 and 133. However,
additional criteria imposed by individual Flag
Administrations may also be applicable.

3. Restrictions

3.1 This rules does not apply to;

- Ships of less than 500 GT;

- Ships primarily propelled by sail, whether or
not they are fitted with auxiliary engines;

- Ships engaged in fishing or in whaling or in
similar pursuits;

- Hydrofoils and air-cushion craft.

3.2 Provided that the rules shall be applied where
reasonable and practicable to;

- Tugs,

- Ships between 200 and 500 GT,

- The accommodation of persons engaged in
usual sea-going routine in ships engaged in whaling or
in similar pursuits.

4. Scope

This section focuses on five (5) habitability aspects of

cargo and passenger vessel design and layout that can
be controlled, measured and assessed. These five (5)

Table 2.1 Notation

Ambient Environment

Notation Accommodations

based vibration

ACCOM + |+ criteria for o
level criteria

accommodations

Vibration Noise Climate Control Lighting
Must meet o .
Must meet The criteria provide
L performance-
ACCOM |ACCOM criteria for o for a set temperature
. based vibration No difference T
accommodations L within limits No difference
level criteria between
between ACCOM
Must meet " o |ACCOM and | eria provide | and ACCOM +
" ust meet comfort- e criteria provide
additional ACCOM ACCOM + P

for adjustability to
suit comfort
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aspects are broken into two (2) major types in this
section: Accommodations and the ambient environment.

Accommodations criteria pertain to dimensional or
physical aspects of spaces and open deck areas where
crew members eat, sleep, recreate and conduct their
daily activities.

The ambient environmental aspects of habitability
pertain to the environment that the crew is exposed to
during periods of work, leisure and rest. Specifically, this
section provides criteria, limits and measurement
methodologies for the following:

- Vibration

- Noise

- Climate Control

- Lighting

- Accommodations

5. Definitions

Accommodations: Vessel areas where the primary
purpose is to rest or recreate. Accommodations spaces
include cabins and staterooms, medical facilities (sick
bays), offices, public and recreation rooms. For the
purposes of this section, accommodations also include
service spaces such as the mess rooms, laundry,
storerooms and workshops.

Ambient Environment: Ambient environment refers to
the environmental conditions that the crew is exposed to
during periods of work, leisure or rest. Specifically, this
section provides criteria and limits for whole-body
vibration, noise, climate control and lighting.

Cargo Vessel: A cargo vessel is any vessel not
specifically a passenger vessel and that is involved in
commercial trade.

Habitability: The acceptability of the conditions of a
vessel in terms of vibration, noise, climate control and
lighting as well as physical and spatial characteristics,
according to prevailing research and standards for
human efficiency and comfort.

Passenger Vessel: A vessel whose primary purpose is

to carry more than twelve (12) passengers for
transportation or recreational purposes. This includes
cruise ships and ferries (conventional and high- speed
craft).

Recreational and Public Spaces: Those portions of
the crew accommodations which are used for halls,
dining rooms, lounges and similar permanently
enclosed spaces.

Workspaces: Areas allocated for work. Categories of
workspaces include: navigation spaces, service spaces
(galley, laundry) and machinery spaces.

6. Documents for Approval

6.1 Before the construction of a ship is begun a
plan of the ship, showing on a prescribed scale the
location and general arrangement of the crew
accommodation, shall be submitted for approval.

6.2 Before the construction of the crew
accommodation is begun and before the crew
accommodation in an existing ship is altered or
reconstructed, detailed plans of, and information
concerning, the accommodation, showing on a
prescribed scale and in prescribed detail the allocation
of each space, the disposition of furniture and fittings,
the means and arrangement of ventilation, lighting and
heating, and the sanitary arrangements, shall be
submitted for approval. Provided that in the case of
emergency or temporary alterations or reconstruction
affected outside the territory of registration it shall be
sufficient compliance with this provision if the plans are
subsequently submitted for approval.

B. Vibration
1. General
1.1 In this section, the recommendations, rules and

requirements for assessing the influence of vibration on
habitability by the crew (and on comfort of passengers
where applicable) are presented. The assessment
procedures also include the effect of vibration on the
hull structures.

1.2 Vibration standards for the main and auxiliary
ship machinery and equipment are specified in Section
19. A and TL Chapter 4, Machinery, Section 1, D.4, for
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main shafting in Section 5.D and for torsional vibration
in Section 6. Similarly, the vibration standards for ship's
electronic devices are given in Section 1, F.1.

1.3 Other transient cyclic phenomena such as
sloshing, slamming (whipping), springing and shock
impact loading are outside the scope of this section.

14 The vibration standards are applicable to all types
of displacement hulls unless specified otherwise. Additional
requirements and rules pertaining to naval ships,
passenger ferries, yachts, fishing boats, tugs and other
types of ships built for special purposes are presented in
the relevant sections of the TL Rules Hull, Chapter 1. The
recommendations, requirements and rules apply both to
new ships and to existing ships will be classed.

15 Theoretical examinations and/or approval of
vibration related calculations are not part of the
classification process. Additional services can be
offered by TL, if desired.

1.6 For the definition of basic principles of
procedures and measurements, as well as
details of the devices and methods, it is necessary to
rely on well proven national and international stan-
dards. Unless a particular standard edition is referred
to explicitly, the latest edition of the following stan-
dards is to be applied:

If the present TL Rules contain procedures deviating
from the relevant standards, the TL Rules are to be
given the precedence over other standards.

1.7 As a general principle, when vibration is found
to exceed the limits set in this section, the relevant case
shall not be allowed. However, for those structural
details and members with known global stresses, the
standard vibration limits may be changed. By special
agreement with TL, departure from the present
standards may be permitted if a given case is well

examined and well grounded.

1.8 TL shall be the sole authority to determine and
decide if a set of calculation and/or measurement results
obtained for a given ship is also valid for its sister ships
under similar loading and mass distribution conditions.

2. International Vibration Standards

- ISO 2041, “Mechanical vibration, shock and
condition  monitoring - Vocabulary and
Definitions”

- ISO 6954, “Mechanical vibrations — Guidelines
for the measurement, reporting and evaluation of
vibration with regard to habitability on passenger
and merchant ships.”

- ISO 20283-2, “Mechanical vibration
Measurement of vibration on ships — Part 2:
Measurement of structural vibration”

- ISO 20283-3, “Mechanical vibration
Measurement of vibration on ships — Part 3:
Pre-installation  vibration measurement  of

shipboard equipment”

- ISO 8041, “Human response to vibration

Measuring instrumentation”

3. Abbreviations
rm.s. : Rootmean square
ISO . International Organization for

Standardization

TS . Turkish Standards
FFT . Fast Fourier Transformation
4, Definitions

The vibration vocabulary, definitions and units are
required to agree with TS 2774 and/or the
corresponding international standards. Unless stated
otherwise, the assumptions, definitions and
specifications of the international standards ISO 2041,
ISO 20283-2, 1ISO 20283-3 are valid for the purpose of
the present section. The fundamental parameters and
units of vibration are applicable as defined in ISO 2041,

ISO 20283-2 and I1SO 20283-3.

Vibration level: The vibration level under investigation
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is to be measured as r.m.s. velocity (mm/s), unless
r.m.s. displacement (mm) or r.m.s. acceleration (mm/sz)
is specified.

Structural vibration: The level of vibration measured
on the vessel structure is denoted as the structural
vibration.

Global structural vibration: Global structural vibration
refers to the vibration which can be defined by the
deflection shapes of the major structural parts of the
ship. The major structural parts of a ship are the hull
girder, the superstructure and the aft body.

Local structural vibration: Local structural vibration
refers to the vibration which can be defined by the
deflection shapes limited to a local structural part of the
ship. The local parts of a ship include parts of the
superstructure, mast, tank bulkheads, web frames,
stiffeners, and plates.

Free route: Condition achieved when the ship is
proceeding at a constant speed and course heading
with helm adjustment of +2° or less without throttle

adjustment.

Machinery vibration: The vibration level measured on
machinery, their components, equipment, pipes, etc.

Equipment: Any machine, system, subsystem or a
component there of which is likely to be a source of
vibration excitation and is intended to be installed

aboard ships.
5. Structural Vibration
5.1 General

5.1.1  Structural vibration shall be limited in order to
ensure structural integrity. In addition, the level of
vibration shall not exceed limits above which the
working conditions and general comfort aboard ship are
disturbed above a maximum acceptable degree.

5.1.2 The acceptable structural vibration shall be
below the level which initiates fatigue cracks or it shall
indicate low risk for fatigue cracks.

5.1.3 The structural vibration is be identified as either

global or of local nature.

514 In general, the structural vibration
measurements are to be performed in all of the three
axial directions x, y and z. Depending on the function of
the structural member and the purpose of the
measurements, the directions of measurement may be
reduced to at least one axial direction.

5.2 Global Structural Vibration

As the structural properties become available during the
hull girder design, the dry and wet global vibration
characteristics can be estimated by either a 2D (beam)
or 3D (finite element) model of the ship structure in
conjunction with an appropriate hydrodynamic theory.
Paragraph 1.5 shall be applicable to such calculations.

5.3 Local structural vibration

At structural design stage, the natural frequencies of
local panels and stiffened panels especially in the
superstructure, the engine room and stern-end structure
can be estimated by using simplified theoretical

formulae or finite element analysis.

6. Measurements

6.1 General

6.1.1 In this section, the general rules and specific
requirements on the measurement, evaluation and
reporting procedures for the structural vibration excited
by the propulsion plant are outlined.

6.1.2  Although the torsional vibration of shafts or
crankshafts may in some cases cause structural
vibrations, they are not considered in this section. In this
connection, reference is to be made to the requirements
in Chapter 4, Machinery, Section 6.B, C, D and E and
TL rules where relevant.

6.2 Instrumentation
6.2.1 The measurement and calibration equipment

are to comply with ISO 6954 and ISO 8041 and the
national standards TS EN ISO 8041.
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6.2.2 For vibration measurements, the instrumentation
shall include at least an accelerometer or a velocity
transducer connected to a matching amplifier and a FFT
analyzer. TL recommends such measurements to be
tape-recorded for further analysis if required.

6.2.3  The transducer orientation shall correspond to
the three global longitudinal, transverse and vertical
axes of the ship.

6.2.4 The measurement duration shall be at least 1
minute. If significant frequency components exist in the
range below 2 Hz, a measurement duration of at least 2

minutes is required.

6.3 Measurement Conditions

This section outlines the minimum rules and
requirements related to the measurement of structural
vibration.

- The vibration tests and measurements are to be
conducted under the conditions agreed by the
shipyard and the ship owner.

- The conditions agreed by the shipyard and the
ship owner shall satisfy the rules and
requirements of this section as well as the
requirements of ISO 20283-2 and ISO 20283-3.

TL may consider other conditions for vibration
measurements dictated by the ship type and/or
operational restrictions.

6.3.1 Environment Conditions

6.3.1.1 The water depth shall be more than 5 times the
ship draught. If the ship is intended for service in
shallow waters, the trial depth shall be chosen
accordingly.

6.3.1.2 The sea state shall be 3 or less. If the vibration
tests are performed in seas greater than sea state 3, the
sea state shall be noted in the measurements report
and the report shall contain a section with signal
analysis applied to high — pass filtered measurement
data (>2 Hz).

6.3.1.3 It is recommended that the vibration tests are
carried out in sea states 2 or less for ships smaller than
10000 tonnes.

6.3.1.4 The measurements report is to incorporate a
full description of the environmental conditions
prevailing during the tests.

6.3.2 Loading Conditions

6.3.2.1 The ship is to be loaded so that, as a minimum,
the propeller shall be fully immersed. The loading
condition (test condition) during the sea trials of the ship
shall preferably be a designed operating condition, i.e.
ballast or loaded condition.

6.3.2.2 The measurements report is to incorporate a
full description of the ship’s loading condition during the
tests.

6.3.3 Course

6.3.3.1 The vibration measurements are to be
performed when the ship navigates under free route
conditions (see item 4 above).

6.3.3.2 Rudder action is to be kept to a minimum.

6.3.3.3 Considering the ship type and operating
conditions, TL may require the vibration levels to also
be identified when the ship manoeuvres. Such
manoeuvres are to include any one or all of hard turn
port, hard turn starboard and crash back.

6.3.3.4 The measurements report is to incorporate full
details of the ship’s course kept during the tests.

6.3.4 Speed and engine power

6.3.4.1 For identifying the main operational vibration
deflection shapes and the associated natural mode
shapes and frequencies of vibration, the measurements
shall be conducted in free route runs in the speed range
corresponding to approximately 30% to 100% of the
maximum continuous rated power.

6.3.4.2 The recommendations of 1ISO 20283-2 related
to the ship’s speed and engine power are to be
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implemented during the vibration measurements.

6.3.4.3 The measurements report is to incorporate full
details of the ship’s speed and engine power applied
during the tests.

6.4 Measurement Locations

6.4.4.1 In this section, the determination of locations
and directions of vibration measurements on the ship
structure is outlined. The measurement locations and
directions may vary depending on the ship’s type and
loading condition. The rules and recommendations of
ISO 20283-2 shall be applicable when determining the
measurement locations and directions.

6.4.4.2 The locations required for measuring vibration
levels in the machinery room and related compartments
are given in the requirements of Chapter 4, Machinery,
Section 1, D.4 and D.8.

6.4.4.3 TL recommends that the measurements are
performed in all three axial directions at a minimum of
two locations on each deck. At other locations,
measurements are only required in the vertical direction.

6.4.4.4 The suitable measurement positions are to be
determined by reference to a theoretical global vibration
analysis, if available. If a theoretical analysis is not
available, guidance for the selection of measurement
positions can be obtained from ISO 20283-2 Annex A.

6.5 Measurements report

The results of the measurements conducted to
determine the structural vibration levels shall be
presented to TL in a report. The format may vary
depending on the measurement techniques and
conditions, data analysis methods and the purpose of
measurements. However, the report shall satisfy the
rules and requirements of 6.5.1 and 6.5.2.

6.5.1  Analysis of data
6.5.1.1 The measurements shall be analyzed using

FFT techniques and presented in the frequency domain
in the form of frequency spectra.

6.5.1.2 The criteria of vibration level are to be
expressed in terms of overall frequency-weighted r.m.s.
velocity (mm/s) from 1 Hz to 80 Hz as defined by ISO
6954.

6.5.1.3 TL recommends that the spectral analysis
between 1 Hz and 80 Hz is to be performed to yield at
least 350 spectral estimates and a suitable window
function shall be used to obtain an accurate estimate of
the peak values in the frequency spectra.

6.5.1.4 The analysis of the measured data using
different techniques other than those described above or
presentations in different formats such as time histories
or waterfall diagrams are subject to approval by TL.

6.5.2 Reporting of data

6.5.2.1 TL recommends the following units to be used
in reporting and data presentation. If units other than
those specified below are used in reporting, they shall
be defined in detail to avoid ambiguity:

- Acceleration: millimeters per second squared
(mm/s?)

- Velocity: millimeters per second (mm/s)
- Displacement: millimeters (mm)
- Pressure: Kilopascals (kPa)

6.5.2.2 The report shall, as a minimum, contain the
following information and data:

- References to the International Standards where
applicable.

- General information on the tests such as the
place and time of the tests, identification of

persons and organizations performing the tests.

- Particulars and other design characteristics of
the ship tested.

- Particulars of propulsion and shaft system.

- Particulars of the main diesel engine or turbine
driven main power plant.
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- Trial conditions during vibration measurements
including sea state, wave direction, depth of
water under keel, draft at FP and AP, propeller
immersion.

- Actual ship condition at the time of the test.

- Locations and orientations of the transducers:

e A sketch showing locations of hull girder and
machinery transducers and their directions of
measurement.

e Transducer locations for local vibration
measurements shown on a separate sketch
where the precise location of the transducer
is noted.

- Recording equipment and calibration procedure.

- Results of the measurements such as,

e Method of data analysis,

e Tables indicating the severity and location of
all significant vibration levels encountered
during the tests,

e Plots of displacement, velocity and/or
acceleration amplitudes.

- The state of the aft peak tank, if any.

- Arrangement and type of transverse main engine
stays, if any.

- Arrangement and type of axial vibration damper,
if any.

- Arrangement and type of torsional vibration
damper, if any.

- Arrangement and type of vibration balancer, if
any.

6.5.2.3 Depending on the location and possible special
characteristics of a specific measurement, TL may
require  additional information, drawings and
documentation such as,

- Lines plan,

- Midship section drawing,

- Drawing of the propeller aperture,

- Profiles of local deck vibration at each resonance
location, from port to starboard and from the
nearest structural bulkhead aft to the nearest
structural bulkhead forward,

- Results of the vibration measurements during
manoeuvres, etc.

If required by TL, the additional documentation is to be
submitted without delay and in full, simultaneously and
as a part of the regular measurements report.

7. Acceptance Criteria

7.1 General

7.1.1 Regarding the habitability of a ship by crew
and passengers, the highest acceptable levels of local
structural vibration are specified in this section.

7.1.2  The highest acceptable levels of vibration for
the main propulsion plant, auxiliaries and the machinery
compartments are specified in the requirements of
Chapter 4, Machinery, Section 1, D.4 and D.8.

7.1.3 The vibration acceptance criteria are usually
defined in the ship’s specifications. The actual vibration
acceptance criteria are to be determined as appropriate,
based on the ship owner's and shipbuilder's
specifications.

7.2 Vibration limits for habitability

7.2.1  The vibration acceptance criteria are to satisfy
the minimum conditions for ship’s habitability by crew
and passengers. The minimum conditions for ship’s
habitability are specified by the maximum allowable
vibration levels of ISO 6954, given in Table 2.2. The
frequency weighting to be used is the combined
frequency weighting as defined in ISO 2631-2 given in
Table 2.3. TL may impose additional restrictions if lower
levels of vibration are considered to be necessary.
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Table 2.2

Frequency weighted r.m.s. values between 1 Hz and 80 Hz, to be used as the vibration acceptance

criteria for the habitability of different areas on a ship

Ship’s Areas
Passenger Accommodation Crew Accommodation Work Areas
Acceleration Velocity Acceleration Velocity Acceleration Velocity
[mm/s?] [mm/s] [mm/s?] [mm/s] [mm/s?] [mm/s]

Maximum allowable 143 4 214 6 286 8
vibration level
Values below which
adverse comments 71,5 2 107 3 143 4
are not probable

Note: The vibration levels between the upper and lower values represent the vibration environment commonly experienced and

accepted onboard ships.

Table 2.3 Combined frequency weighting defined from 1 Hz to 80 Hz, in one third octave bands,

calculated using the true mid-frequencies, band limitation included

Frequency [Hz] Acceleration as input quantity Velocity as input quantity

Nominal True Weighting dB Weighting dB
Factor Factor

1 1.000 0.833 -1.59 0.147 -16.68
1.25 1.259 0.907 -0.85 0.201 -13.94
1.6 1.585 0.934 -0.59 0.260 -11.68
2 1.995 0.932 -0.61 0.327 -9.371
25 2,512 0.910 -0.82 0.402 -7.91
3.15 3.162 0.872 -1.19 0.485 -6.28
4 3.981 0.818 -1.74 0.573 -4.83
5 5.012 0.750 -2.50 0.661 -3.59
6.3 6.310 0.669 -3.49 0.743 -2.58
8 7.943 0.582 -4.70 0.813 -1.80
10 10.00 0.494 -6.12 0.869 -1.22
12.5 12.59 0.411 -7.71 0.911 -0.81
16 15.85 0.337 -9.44 0.941 -0.53
20 19.95 0.274 -11.25 0.961 -0.35
25 25.12 0.220 -13.14 0.973 -0.23
31.5 31.62 0.176 -15.09 0.979 -0.18
40 39.81 0.140 -17.10 0.978 -0.20
50 50.12 0.109 -19.23 0.964 -0.32
63 63.10 0.0834 -21.58 0.925 -0.67
80 79.43 0.0604 -24.38 0.844 -1.48

7.2.2  The values are to be expressed in terms of the
overall frequency-weighted r.m.s. acceleration (mm/snz)
and overall frequency-weighted r.m.s. velocity (mm/s) in
the range 1 Hz to 80 Hz as shown in Table 2.2. For
further information the human sensitivity curve on which
the frequency-weighting values of Table 2.3 are based
can be found in ISO 6954.

7.2.3 Upon the mutual agreement of the ship’s

owners and the shipbuilders, additional restrictions on

the allowable vibration levels may be introduced
depending on the ship type size loading and operating
conditions.

7.3 Vibration limits for local structures

7.3.1  The vibration limits for local structures given in
this section are to be used as a reference to reduce the
risk of structural damage due to excessive vibration

under normal operating conditions.
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7.3.2 If deemed necessary by TL, the following limits
of local structural vibration may also apply to vibration
levels measured during manoeuvring. Similarly the
limits may further be restricted by TL under special
circumstances.

7.3.3 The application of vibration limits for specific
local structures may vary depending on the vessel
specification mutually agreed by the shipyard and the

ship’s owners.

7.3.4  The requirements of 7.3.4.1 and 7.3.4.2 are to
be used as basis for determining the acceptable levels
of local structural vibrations. For each case the
adequacy of these requirements shall be assessed by
TL separately.

7.3.4.1 For each peak response component in any one
of the vertical transverse or longitudinal direction in the
frequency interval 1 Hz to 5 Hz, the displacement is
recommended not to exceed 1.0 mm and damage is to
be expected above 2.0 mm. Displacement values found
to be more than 1.0 mm but less than 2.0 mm shall be
subject to special approval by TL.

7.3.4.2 For each peak response component in any on
of the vertical transverse or longitudinal direction in the
frequency range 5Hz and above the velocity is
recommended not to exceed 30 mm/sec and damage is
to be expected above 60 mm/sec. Velocity values found
to be more than 30 mm/sec but less than 60 mm/sec
shall be subject to special approval by TL.

C. Noise

“The Code on noise levels on board ships” (adopted by
resolution MSC.337(91)) is to be applied.

These requirements shall be verified by measurements
and reporting in accordance with measurement
procedures and Noise Survey Report of the Code
following completion of the ship. Measurements are to
be conducted, witnessed or assessed by TL's
Surveyors. To prevent potential problems, noise levels
may be predicted by calculations during construction.

D. Climate Control
1. General
1.1 The criteria for climate control, with a view to

provide acceptable standards for ship’s crew and
passengers, are given in this section.

1.2 The indoors climate control criteria encompass
the standards of thermal comfort and ventilation air
quality.

1.3 The rules and regulations of this section apply

to new built ships as well as ships in service.

1.4 The rules and regulations regarding climate
control are applicable to all displacement ships.
However, they do not apply to special purpose vessels
such as military ships, passenger ferries and cruise
ships, yachts, small fishing vessels, tugs, etc. Additional
and/or different rules and requirements, given in the
relevant sections of TL Rules Chapter 1, Hull, apply to
special purpose ships mentioned above.

15 Additional or special climate control criteria for
passenger ferries and cruise ships, chemical tankers,
ships carrying dangerous cargo, Ro-Ro ships and the
machinery rooms are given separately in the relevant
sections of TL Rules.

1.6 The measurements for climate control criteria
shall be performed on each ship separately even if
measurements involve sister ships equipped and fitted
identically, with identical load distributions and

propulsion systems.

2. International Standards

21 The following international standards are
recommended as guidance for design and construction
of air conditioning and ventilation systems. The latest
edition of each standard shall be applied.

- ISO 80000-5, “Quantities and units — Part:5
Thermodynamics”.
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- ISO 7547, “Shipbuilding — Air conditioning and
ventilation of accommodation spaces on board

ships — Design conditions and basis of
calculations”.

- ISO 8861, “Shipbuilding — Engine room
ventilation in diesel-engined ships — Design

requirements and basis of calculations”.

- ISO 8862, “Air conditioning and ventilation of
machinery control rooms on board ships —
Design conditions and basis of calculations”.

- ISO 8864, “Shipbuilding — Air conditioning and
ventilation of wheelhouse on board ships —
Design conditions and basis of calculations”.

- ISO 9785, “Ships and marine technology —
Ventilation of cargo spaces where vehicles
with internal combustion engines are driven —
Calculation of theoretical total airflow
required”.

- ISO 9943, “Shipbuilding — Ventilation and air
treatment of galleys and pantries with cooking
appliances”.

- ANSI/ASHRAE Standard 62.1-2007, "Ventilation
for Acceptable Indoor Air Quality”.

2.2 The following international standards are
recommended as guidance for the determination of
thermal comfort in ships. The latest edition of each
standard shall be applied.

- ANSI/ASHRAE Standard 55, "Thermal
Environmental Conditions for Human

Occupancy”.

- ISO 7547, "Ships and marine technology — Air
conditioning and ventilation of accommodation
spaces — Design conditions and basis of
calculations”.

- ISO 7726, “Ergonomics of the thermal
environment — Instruments for measuring
physical quantities”.

- ISO 7730, “Ergonomics of the thermal
environment — Analytical determination and
interpretation  of thermal comfort using
calculation of the PMV and PPD indices and
local thermal comfort criteria”.

3. Abbreviations

ASHRAE : American Society of Heating, Refrigerating
and Air Conditioning Engineers.

RH . Relative Humidity

ISO : International Organization for
Standardization

TS : Turkish Standards

HVAC . Heating, Ventilation and Air Conditioning

4, Definitions

The heating, ventilation and air conditioning vocabulary,
definitions and units are required to agree with national
and/or international standards. Unless stated otherwise,
the assumptions, definitions and specifications of the
international standards 1ISO 80000-5 are valid for the
purpose of the present section.

Thermal Comfort: An ordinal ranking or subjective
index of “that condition of mind which expresses
satisfaction with the thermal environment” (ISO 7730).

Ventilation: Ventilation is the process of supplying air to
and removing air from any space by natural or mechanical
means. From the standpoint of comfort and health, the
ventilation issues involve both quantity and quality.

Vertical Gradient: The vertical air temperature
difference within an enclosed space. The vertical
gradient is used as an indication of potential local
discomfort at the head and feet.

Relative Humidity: The ratio of the partial pressure (or
density) of the water vapour in the air to the saturation
pressure (or density) of water vapour at the same
temperature and the same total pressure.
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Draught: The unwanted local cooling of the body

caused by air movement.

5. Thermal Comfort

51 General

5.1.1  The thermal environmental variables covered
by this section include the ambient qualities of air
temperature, air velocity and relative humidity.

5.1.2 The vertical gradient is chosen for
measurement to indicate areas where temperature
differentials might exist between a person’s head and
feet.

5.1.3  This section applies to indoor accommodation
and recreation spaces occupied by passengers for 15
minutes or longer at any one time, for example, cabins,
staterooms, public seating spaces, dining areas and
hospitals. Similarly, manned crew spaces occupied by
crew members for 15 minutes or longer at any one time
for normal, routine daily activities are covered by this
section. Examples of crew spaces include crew
accommodation, bridge, engine control room, hospital
and indoor workspaces.

5.2 Air temperature and humidity

Assumptions for temperature and humidity levels are as
follows:

5.2.1  Air temperature

5.2.1.1 For ACCOM notation

The HVAC system shall be capable of providing a
preset return air temperature of 20 to 25°C during winter
months and 22 to 27°C during summer months to an
HVAC zone for a set of habitable spaces. This
temperature shall be maintained by a temperature
controller. Each zone shall have a thermostat for reheat
and dehumidification purposes.

5.2.1.2 For ACCOM+ notation

The HVAC system shall be capable of sustaining an

adjustable range of air temperatures between 20 to
25°C inclusive during winter months and 22 to 27°C
during summer months in all indoor manned spaces.
This temperature shall be maintained by a temperature
controller. Each manned space shall have its own
individual controller for temperature regulation.

5.2.2  Relative humidity

A range from 30% minimum to 70% maximum.

5.2.3 Air exchange rate

The rate of air change for enclosed spaces shall be at
least 6 complete changes-per-hour. See table 2.4.

5.2.4  Assumptions for temperature and humidity levels
other than those given in 5.2.1 and 5.2.3 may be permitted
for operation in specially specified ranges of service.

5.2.5  The HVAC system shall be capable of sustaining
an adjustable range of air temperature between 18°C and
28°C inclusive, in all manned crew spaces, all passenger
accommodation and recreation spaces.

5.2.6 The temperature shall be maintained by a
temperature controller. Each manned crew space and
passenger cabin shall have its own individual
thermostat. For all other accommodation and
recreation spaces, a central thermostatic control
device shall be provided.

527 The HVAC system shall be capable of
providing and maintaining the relative humidity within a
range from 30% minimum to 70% maximum.

5.3 The vertical temperature gradient indoors
The temperature difference between 10 cm above the
deck and 170 cm above the deck shall be maintained
not to exceed 2°C.

54 Air Velocity

5.4.1  The air movement in the occupied areas shall
be within the limits shown in Figure 2.1.
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5.4.2  Air velocity for the upper value is applicable 6. Ventilation
only in spaces where people are active.
6.1 The layout of the ventilation plant and duct

5.4.3

The velocity and direction of the air flow shall

be chosen so as to prevent discomforting draughts.
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Figure 2.1 Air movement in occupied spaces

sizes shall allow air supply without recirculation.

6.2
in the supply air duct.

In hospitals, a non-return flap shall be installed

6.3
exhaust air devices shall be installed over areas with

In laundries and drying and ironing rooms,

high heat emission and high humidity.

6.4
keep noise pollution to a tolerable level.

Ventilating equipment shall be designed to

6.5
collectors, heat exchangers, reheaters and air terminals

Ducts, central air handling units, air filters, dust

shall provide for easy inspections and replacements at

regular maintenance intervals.

6.6 Air inlet and air outlet devices shall be
provided, for spaces which are ventilated as natural

type.

Table 2.4 Air change rates

. Air changes/hour Air changes/hour
Ventilated space . ) Remarks
Supply air Exhaust air
Living/sleeping quarters 6 (8) -
Messes, saloons, offices 12 (15) 12 (15)
Hospitals 12 12 Value in brackets valid for
Galleys 12+28 (15+25) 40 20% recirculated air
Pantries 15 (20) 15 (20)
Dry provisions rooms 5 (10) 5 (10)
Sanitary rooms 10-15
Laundries 10-20 15-30
Drying rooms 25 30
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7. Measurements

7.1 General

In this section, the general rules and specific
requirements on the instrumentation, measurement,
evaluation and reporting procedures for the indoor
climate control tests are outlined.

7.2 Instrumentation

The thermal measurement instrumentation shall meet or
exceed the minimum properties applicable as specified
in ISO 7726 and 1SO 7730.

7.3 Measurement Conditions

The measurement of climate control parameters shall
satisfy the rules and requirements of this section.
Depending on the ship type and operating conditions,
the climate control measurements under different
measurement conditions shall be subject to approval by
TL.

The following measurement conditions are provided as
reference. TL may impose additional requirements if
deemed necessary.

7.3.1 Environment conditions

7.3.1.1 If the thermal conditions in the occupied zone
have a high sensitivity to time of day and weather
conditions, the measurement shall determine the high
and low extremes of the thermal parameters.

7.3.1.2 If the vessel changes geographical operational
area and the predicted most probable sea state
changes significantly, TL may require the testing and
measurements to be repeated.

7.3.1.3 The measurements report shall include a
complete account of the environment conditions
prevailing at the time of the measurements.

7.3.2 Equipment operation

7.3.2.1 The HVAC system shall be operating under

normal operation conditions or mode.

7.3.2.2 The details of measuring and analysis
equipment such as the manufacturer, type and serial
number, accuracy, sampling frequency and resolution
shall be documented.

7.3.2.3 Copies of the relevant instrumentation
reference calibration certificates, together with the
results of field setup and calibration checks before and
after the field tests, shall be provided.

7.3.3 Indoor arrangement

7.3.3.1 Doors and windows shall be closed, except
where they are left open under normal operating
conditions. Any open doors or windows shall be noted in
the measurements report.

7.3.3.2 The spaces shall be furnished with all usual
equipment and furnishings appropriate to that space
and any equipment present in that space shall be
configured to operate in its normal operating mode.

7.3.3.3 The measurements report shall include a
complete account of the indoor arrangement for any
given space, prevailing at the time of the

measurements.

7.3.4 Personnel

Only the personnel needed for the normal operation of
the equipment in the space and those carrying out the
measurements shall be present in the space being
tested.

7.4 Measurement Locations and Durations

In this section, the requirements for the determination of
locations for the climate control testing and
measurement durations are outlined. The measurement
locations and durations may vary depending on the
ship’s type and loading condition and TL may impose
additional requirements when deemed necessary.

7.4.1 Spaces

The climate control parameters shall be measured

- In all accommodation spaces,
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- In cabins and hospitals.

Unless stated otherwise, the measurements shall be
performed in the middle of the space such as a cabin,
mess room, etc..

7.4.2  Transducer positions

For each space identified for testing and
measurements, the transducer locations shall be
standardized as follows:

- Air  temperature and RH measuring
instrumentation shall be set up approximately in
the middle of the space to measure general
space temperature and humidity levels. Air
temperature shall be simultaneously measured
at approximately 10 cm , 110 cm , and 170 cm
above the deck. RH shall be measured at a
height of approximately 170 cm above the deck.

- Air velocity data shall be captured in the center
of the space, at approximately 10 cm, 110 cm
and 170 cm above the deck, as applicable, in
spaces where passengers will be lying, seated or
standing for 20 minutes or longer, with a view to
assuring the air velocity is not excessive at these
positions.

7.4.3 Measurement durations

7.43.1 The air  temperature and humidity
measurements shall be made at most every 10 minutes
for a minimum period of two 2 hours. The minimum,
maximum and average values for the 2 hour period
shall be reported for each space measured.

7.4.3.2 The measuring duration for determining the
average air velocity at any location shall be 3 minutes.

7.4.3.3 TL may impose additional requirements on the
measurement durations if the spaces where the
measurements are  performed have  unusual
characteristics regarding the climate control needs.

7.5 Measurements Report

7.5.1 The results of the measurement and testing of
the climate control system shall be submitted to TL in
the form of a measurements report. The measurements
report may present variations in its format, depending
on the measurement conditions, purpose of the
measurements, data analysis procedures, etc.

However, the contents of the measurements report shall
at least include the results listed below.

The following details shall be provided for each period
of testing:

- Loading condition.

- Crew size and total number of persons on board
during testing.

- Machinery operating conditions.

- Vessel course, speed, latitude and longitude
coordinates during testing.

- Weather conditions and meteorological data
such as wind speed and direction, ambient
outdoor air temperature, outdoor humidity and
barometric pressure.

- Sea state.

- Any indication of abnormal activities or
conditions during the test that may distort results.

The following results, per measurement location and
sample period as appropriate for notation, shall be
provided in table format:

- Measurement position.

- Number of people present in space at time of
measurement.

- Measurement period.

TURK LOYDU — HULL —JULY 2016



2-16 Section 2 — Habitability D.E

- Time at start of measurement.

- Minimum, maximum and average air
temperature at 10 cm above deck.

- Minimum, maximum and average air

temperature at 110 cm above deck.

- Minimum, maximum and average air
temperature at 170 cm above deck.

- Minimum, maximum and average relative
humidity at 170 cm above deck.

- Air velocity at 10, 110 and 170 cm above deck.

- Vertical gradient calculated as the average air
temperature at 170 cm minus average air

temperature at 10 cm above deck.

- Wind speed and direction, ambient outdoor air
temperature, outdoor humidity and barometric
pressure corresponding to periods of testing and
measurements performed indoors.

7.5.2 Depending on the measurement locations and
conditions, TL may require additional information and
documentation. If required by TL, the additional
documentation is to be submitted without delay and in
full, simultaneously and as a part of the regular

measurements report.

E. Lighting
1. General
1.1 This section provides criteria for assessing and

regulating the luminance levels of general lighting and
task lighting in ships.

1.2 Lighting onboard a ship shall be designed to
ensure the comfort and facilitate the safety of the

occupants.

1.3 The rules and regulations of this section apply

to new built ships as well as ships in service.

14 The rules and regulations regarding lighting are
applicable to all displacement ships. However, the
lighting criteria may vary for special purpose vessels
such as military ships, passenger ferries and cruise
ships, yachts, small fishing vessels, tugs, etc. Such
variation of or deviation from the criteria given here
applied to special purpose ships mentioned above shall
be subject to TL approval.

15 With respect to requirements for lighting in
general, the sleeping cabins, mess rooms and
recreational spaces shall be lit by natural light as far as
possible. Where lighting by natural light is not possible,
these spaces shall be provided with adequate artificial
light.

1.6 The present section does not provide rules and
regulations for selecting luminaires and lighting
accessories for the lighting equipment onboard. For this
purpose, the latest edition of IEC 60092-306 may be
used. The IP numbers of the lighting units to be installed
are given in TL Rules, Chapter 5, Electric, Section 1,
K.1.

1.7 The rules given in this section does not apply
to portable luminaires, navigation lights, search lights,
daylight signaling lamps, signal lights including the
relevant control and monitoring equipment and other
lights used for navigation in general.

1.8 The rules and regulations regarding the
classification, marking, mechanical and electrical
construction of the lighting systems are given in TL
Rules, Chapter 5, Electric, Section 11 and as a
reference, in IEC 60598-1.

1.9 The measurements and tests for lighting
criteria shall be performed on each ship separately even
if measurements involve sister ships equipped and fitted
identically.

2. International Standards

The following international standards are recognized
and extensively used by TL in developing the present
recommendations, rules and requirements on lighting
criteria for ships.
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- ASTM F1166-07, “ Standard Practice for Human
Engineering Design for Marine Systems,
Equipment, and Facilities”.

- ISO 8995-1 (CIE S 008/E), "Lighting of Indoor
work Places”.

- IEC 60092-306, “Electrical installations in ships
— Part 306: Equipment — Luminaires and lighting
accessories”.

3. Abbreviations

ASTM : American Society for Testing and Materials

IEC : The International Electrotechnical
Commission
ISO : International Organization for Standardization

HVAC : Heating, Ventilation and Air Conditioning

IP : Ingress Protection

IESNA: llluminating Engineering Society of North
America

4, Definitions

The vocabulary, definitions and units used in lighting
related documentation are required to agree with the
national and/or corresponding international standards.

General Lighting: Lighting primarily designed to
provide a uniform level of illuminance throughout an
area, exclusive of any provision for special, localized
task requirements. Such lighting shall be provided by
fixed luminaires.

Task Lighting: Lighting provided to meet the
illuminance requirements of a specific task. Task
lighting refers to the total illuminance requirement that
may be obtained by supplementary lighting provided in
addition to the general illuminance. Such lighting may
be provided by fixed luminaires or via wall brackets,
floor lamps or table lamps.

Task Plane: The horizontal, vertical or inclined plane in
which the visual task lies. If no information is available,
the task plane shall be considered to be the horizontal
and at 75 cm above the deck for seated tasks and at

100 cm above the deck for standing tasks.

5. Lighting Levels

5.1.1  The preferred and minimum allowed levels of
illumination at various locations onboard ships shall
comply with the requirements of ASTM which are given
in Table 2.5. The illumination levels at those locations
not cited in Table 2.5, shall be presented to TL for

special approval.

5.1.2  The illumination level at any location onboard
is not allowed to decrease below the minimum
illumination level quoted in Table 2.5. This includes the
depreciation in illuminance of luminaires and lamps due

to age.

6. Emergency Lighting

Emergency lighting is covered in SOLAS and IMO
Resolutions and is not considered in the selection of the
lighting levels provided in this section. The rules and
requirements for the emergency lighting are given in TL
Rules, Chapter 5, Electric, Section 3, C.

7. Measurements

7.1 General

In this section, the general rules and specific
requirements on the instrumentation, measurement,
evaluation and reporting procedures for the lighting
tests and measurements are outlined.

7.2 Instrumentation

The lighting measurement instrumentation shall meet or

exceed the minimum requirements for measuring
illuminance, as specified in ISO 8995-1 (CIE S 008/E).
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7.3 Measurement Conditions

The prevailing conditions during illuminance measure-
ments shall satisfy the requirements of this section.
Depending on the ship type and operating conditions,
performing the lighting tests wunder different
measurement conditions shall be subject to approval by
TL.

The following measurement conditions are provided as
reference. TL may impose additional requirements if
deemed necessary.

7.3.1 Environment Conditions

7.3.1.1 During the measurements, the stray light from
the natural or artificial external light sources such as
dock lighting, moonlight, etc. shall be masked out as far
as practicable. Where it is not possible, measurements
of stray light, with all lighting turned off shall be obtained
at appropriate positions.

7.3.1.2 Lighting tests and illuminance measurements
may be performed in port, at sea, or both, since the
measurements shall be regarded to be independent of
operating conditions at sea or at port.

7.3.1.3 The measurements report shall include a
complete account of the environment conditions
prevailing at the time of the illuminance measurements.

7.3.2 Equipment

The details of measuring and analysis equipment such
as the manufacturer, type and serial number, accuracy,
sampling frequency and resolution shall be
documented.

Copies of the relevant instrumentation reference
calibration certificates, together with the results of field
setup and calibration checks before and after the field
tests, shall be provided.

7.3.3 Indoor arrangement
7.3.3.1 Doors and windows shall be closed, except

where they are normally left open. Any open doors or
windows shall be noted in the measurements report.

7.3.3.2 Spaces shall be furnished with all usual
equipment and furnishings normally found in the space.

7.3.3.3 The measurements report shall include a
complete account of the indoor arrangement for any
given space, prevaiing at the time of the
measurements.

7.3.4 Personnel

Only the personnel needed for the normal operation of
the equipment in the space and those carrying out the
measurements shall be present in the space being
tested.

7.4 Measurement Times and Locations

7.4.1  In spaces with windows or port lights where the
minimum lighting level shall be provided by atrtificial light
sources only in the night time, the lighting
measurements shall be performed after dark.

7.4.2  Interior spaces without windows or port lights
can be measured during daylight hours.

7.4.3 Measurements of task lighting shall be made
as the task is carried out or in the plane of the task
surface as defined in 4.

7.4.3.1 For task surfaces smaller than 0.2 m?, a single
measurement shall be taken at the center of the task

surface.

7.4.3.2 For task surfaces 0.2m? or larger, the
illuminance shall be measured by dividing the task
surface into a grid and averaging the measurements
taken at the grid intersections.

7.5 Measurements Report

7.5.1 The results of the measurements conducted to
determine the illuminance levels shall be presented to
TL in a report. The format may vary depending on the
measurement techniques and conditions, data analysis
methods and the purpose of measurements. However,
the report shall satisfy the rules and requirements listed
below.
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Table 2.5 Lighting Levels for Ships

Work Area or Type of

Illumination Level

Work Area or Type of

lllumination Level

Task Preferred | Minimum Task Preferred Minimum
Lux Lux Lux Lux

Assembly (Bench Work) Muster Station - 200
Course Work Detall 540 325 Medical Space
Medium Work Detail 810 540 Waiting Area 755 540
Precise Work Detail 3230 2155 Exam/Treatment Room 1075 810

Bakery 540 325 Offices

Battery Room 300 200 General 755 540

Bridge - 325 Computer Workstation 540 300

Business Machine 1075 540 Ordinary Visual Tasks 540 325

Operation

Cargo Handling (Weather ) 150 Paint Room

Decks)

Chart Room General - 325
General Lighting - 150 Color Matching - 2155
On Chart Table 1075 810

Control Rooms Pump Room 340 225
General Lighting 540 -

Computer Work 300 - (F;Li‘lg'f'er Room (Water or 500 -
Consoles (front) 540 325 (F\)lj‘zlsk‘:’,‘\‘f’ae)‘/’;‘;‘ys 215 150
Consoles (rear) 325 110 Pump Rows, Valves 200 -

Compressor /Pump / 300 200 Radar Room - 200

Generator

Crane Cab 540 400 Radio Room - 540

Electrical Equip Testing 540 325 Reading

Elevators 325 215 Large Print 325 110

Escape Trunks - 30 News Print 540 325

Small Type/Prolonged

Fan Room - 150 on diné’p g 755 540

Fire Pump Room 300 200 Recreation Rooms - 300

Food Storage Repair Rooms
Non-refrigerated - 200 General Lighting 540 325
Refrigerated - 100 Instrument Repair 2155 1075

Galley 755 540 Sanitary Spaces

Gyro Room - 200 General - 325

HVAC Room 300 200 Sinks and Mirrors - 540

Instrument Shop 540 325 Toilets - 150

Laundry Service Areas (General) 210 110
General - 540 Shaft Alley 215 110
Hand Pressing - 100 Snack and Coffee Bar - 500

Lay Down Areas - 200 Stairs and Ladders 215 110

Laboratory 540 360 Ship Stores

Library - 540 General Warehouse 110 55

Loading/Off-Loading Area - 150 Large Parts 200 -

Lounges - 300 Small Parts 300 -

Manifold Area - 100 Fine Parts 540 -

Machinery Room - 200 Steering Gear Room 540 300

Machine Shop Switchboards 540 325
General Lighting 540 325 Tanks 215 215
Fine Bench Work 1075 745 \évhe(')‘g'”gl Mechanical 500 -

Maintenance Platform - 200 Windlass Room - 100

Work and Repair Areas 700 -

Mess Room (Cafeteria) - 300
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The following details shall be provided for each period
of testing:

- Power source for lighting during testing.

- Measurement conditions, times and locations.

The following results, per space, shall be provided in
table format:

- Name and number of space.

- Task areas in the measured space, if any.

- Lighting level for general lighting.

- Lighting level for task lighting on each task
surface or task plane in the measured space.

- Lighting level in cabins and staterooms with
lights turned off and curtains, shutters,
deadlights, etc. closed.

75.2 Actual measurement locations shall be

indicated on appropriate drawings.

7.5.3 Depending on the measurement locations and
conditions, TL may require additional information and
documentation. If required by TL, the additional
documentation is to be submitted without delay and in
full, simultaneously and as a part of the regular
measurements report.

F. Accommodation
1. General
11 There shall be adequate headroom in all

seafarer accommodation; the minimum permitted
headroom in all seafarer accommodation where full and
free movement is necessary shall be not less than 203
cm (80 in.). The competent authority may permit some
limited reduction in headroom in any space, or part of
any space in such accommodation where it is satisfied
that such reduction is reasonable and will not result in
discomfort to the seafarers.

1.2 The accommodations shall be adequately
insulated (insulation relating to noise and indoor climatic
variables are addressed in C. Noise and D. Climate
Control.

There shall be no direct openings into sleeping rooms
from cargo and machinery spaces or from galleys,

storerooms, drying rooms or communal sanitary areas.

1.3 That part of a bulkhead separating such places
from sleeping rooms and external bulkheads shall be
efficiently constructed of steel or other approved
substance and be watertight and gas-tight.

14 The materials used to construct internal
bulkheads, paneling and sheeting, floors and joining
shall be suitable for the purpose and conducive to
ensuring a healthy environment.

The bulkhead surfaces and deck heads are to be of
material with a surface easily kept clean. No form of
construction likely to harbor vermin is to be used.

The bulkhead surfaces and deck heads in sleeping
rooms and mess rooms shall be capable of being easily
kept clean and light in color with a durable, nontoxic
finish.

The decks in all seafarer accommodation are to be of
approved material and construction and shall provide a
non-slip surface impervious to damp and easily kept
clean.

Where the floorings are made of composite materials,
the joints with the sides shall be profiled to avoid

crevices.

Deck coverings (e.g., mats, carpeting, etc.) shall be
supplied where slipping is possible due to occasional
water, oil, or liquid on the floors.

15 Proper lighting (addressed in E. Lighting and
sufficient draining shall be provided.

Deck drains shall be considered in all food service
areas subject to flood type cleaning or where normal
operations release or discharge water or other liquid
onto the deck.
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Deck drains for food service areas shall be considered
in number and location so that complete drainage is
possible under normal conditions of list and trim. There
shall be no deck drains inside provision rooms except
the thaw room. Deck drains shall be provided in the

laundry.

1.6 Accommodation and recreational and catering
facilities shall meet the requirements in Regulation 4.3,
and the related provisions in the Maritime Labour
Convention, 2006 — The Regulations and the Code, on
health and safety protection and accident prevention,
with respect to preventing the risk of exposure to
hazardous levels of noise and vibration and other
ambient factors and chemicals on board ships, and to
provide an acceptable occupational and on-board living
environment for seafarers. (hazardous levels of
vibration, noise and the ambient environment qualities
of indoor climate and lighting are addressed in B.
Vibration, C. Noise, D. Climate Control and E. Lighting.

2. Ventilation and Heating

21 Sleeping rooms and mess rooms shall be
adequately ventilated (addressed in D. Climate
Control).

2.2 Ships, except those regularly engaged in trade
where temperate climatic conditions do not require this,
shall be equipped with air conditioning for seafarer
accommodation, for any separate radio room and for
any centralized machinery control room (addressed in
D. Climate Control).

2.3 Adequate heat through an appropriate heating
system shall be provided, except in ships exclusively on
voyages in tropical climates (addressed in D. Climate
Control).

2.4 With respect to requirements for lighting,
subject to such special arrangements as may be
permitted in passenger ships, sleeping rooms and mess
rooms shall be lit by natural light and provided with
adequate artificial light.” (artificial light is addressed in
Section 6, “E.Lighting”).

2.5 With respect to requirements for hospital
accommodation, ships carrying 15 or more seafarers

and engaged in a voyage of more than three days’
duration shall provide separate hospital accommodation
to be used exclusively for medical purposes; the
competent authority may relax this requirement for ships
engaged in coastal trade; in approving on-board
hospital accommodation, the competent authority shall
ensure that the accommodation will, in all weathers, be
easy of access, provide comfortable housing for the
occupants and be conducive to their receiving prompt
and proper attention.

2.6 All ships shall be provided with separate offices
or a common ship’s office for use by deck and engine
departments; ships of less than 3,000 gross tonnage
may be exempted by the competent authority from this
requirement after consultation with the ship owners’ and
seafarers’ organizations concerned.

2.7 Ships regularly trading to mosquito-infested
ports shall be fitted with appropriate devices as required
by the competent authority.

Suitable screens are to be provided, as appropriate, for
side scuttles, ventilators, and doors to the open deck.

3. Berthing

3.1 In ships other than passenger ships, as defined
in Regulation 2(e) and (f) of the International
Convention for the Safety of Life at Sea, 1974, as
amended (the “SOLAS Convention”), sleeping rooms
shall be situated above the load line amidships or aft,
except that in exceptional cases, where the size, type or
intended service of the ship renders any other location
impracticable, sleeping rooms may be located in the
fore part of the ship, but in no case forward of the
collision bulkhead.

3.2 In passenger ships, and in special ships
constructed in compliance with the IMO Code of Safety
for Special Purpose Ships, 1983, and subsequent
versions (hereinafter called “special purpose ships”), the
competent authority may, on condition that satisfactory
arrangements are made for lighting and ventilation,
permit the location of sleeping rooms below the load
line, but in no case shall they be located immediately

beneath working alleyways.
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Accommodation and recreational and catering facilities
shall be located as far as practicable from the engines,
steering gear rooms, deck winches, ventilation, heating,
and air-conditioning equipment, and other noisy
machinery and apparatus.

The system of ventilation for sleeping rooms and mess
rooms shall be controlled so as to maintain the air in a
satisfactory condition and to ensure a sufficiency of air
movement in all conditions of weather and climate.

3.3 In ships other than passenger ships, an
individual sleeping room shall be provided for each
seafarer; in the case of ships of less than 3,000 gross
tonnage or special purpose ships, exemptions from this
requirement may be granted by the competent authority
after consultation with the ship owners’ and seafarers’
organizations concerned.

3.4 There shall be adequate berth arrangements
on board, making it as comfortable as possible for the
seafarer and any partner who may accompany the
seafarer.

Separate sleeping rooms shall be provided for men and

for women.

As far as practicable, sleeping rooms of seafarers shall
be so arranged that watches are separated and that no
seafarers working during the day share a room with
watch keepers.

3.5 Sleeping rooms shall be of adequate size and
properly equipped so as to ensure reasonable comfort
and to facilitate tidiness. (Room size is covered in
requirements 3.7, 3.8 and 3.9

Space occupied by berths and lockers, chests of
drawers and seats shall be included in the
measurement of the floor area. Small or irregularly
shaped spaces which do not add effectively to the
space available for free movement and cannot be used
for installing furniture shall be excluded.

Outfitting for sleeping rooms shall, in addition to berths
and lockers, contain the following:

- A table and chair,
- A mirror with a light,

- A small cabinet for toilet requisites for each

person in the room,
- A book rack,
- Coat hooks.
An electric reading light at the head of each berth.
3.6 A separate berth for each seafarer shall in all
circumstances be provided; the minimum inside
dimensions of a berth shall be at least 198 cm by 80
cm.

The berth shall be at least 300 mm above the deck.

Head clearance above each berth shall be at least 610

mm.

The framework and leeboard of a berth shall be of
approved material, hard, smooth, and not likely to

corrode or to harbor vermin.

Berths constructed from tubular frames shall be
completely sealed and without perforations which would

give access to vermin.

3.7 In single berth seafarers’ sleeping rooms the
floor area shall not be less than:

- 45m?in ships of less than 3,000 gross tonnage;

- 5.5 m? in ships of 3,000 gross tonnage or over
but less than 10,000 gross tonnage;

- 7m?in ships of 10,000 gross tonnage or over.

3.8 However, in order to provide single berth
sleeping rooms on ships of less than 3,000 gross
tonnage, passenger ships and special purpose ships,
the competent authority may allow a reduced floor area.
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3.9 In ships of less than 3,000 gross tonnage other
than passenger ships and special purpose ships,
sleeping rooms may be occupied by a maximum of two
seafarers; the floor area of such sleeping rooms shall
not be less than 7 m?.

3.10 On passenger ships and special purpose ships
the floor area of sleeping rooms for seafarers not
performing the duties of ships’ officers shall not be less
than:

- 7.5 m? (80.73 ft?) in rooms accommodating two
persons;

- 11.5 m? (123.78 ft?) in rooms accommodating
three persons;

- 14.5 m? (156.08 ft?) in rooms accommodating
four persons.

3.11 On special purpose ships sleeping rooms may
accommodate more than four persons; the floor area of
such sleeping rooms shall not be less than 3.6 m?
(38.75 ft?) per person.

3.12 On ships other than passenger ships and
special purpose ships, sleeping rooms for seafarers
who perform the duties of ships’ officers, where no
private sitting room or day room is provided, the floor
area per person shall not be less than:

- 7.5 m? (80.73 ft?) in ships of less than 3,000
gross tonnage;

- 8.5 m? (91.49 ft?) in ships of 3,000 gross tonnage
or over but less than 10,000 gross tonnage;

- 10 m? (107.64 ft%) in ships of 10,000 gross
tonnage or over.

3.13 On passenger ships and special purpose ships
the floor area for seafarers performing the duties of
ships’ officers where no private sitting room or day room
is provided, the floor area per person for junior officers
shall not be less than

- 7.5 m? (80.73 ft?);

- For senior officers not less than 8.5 m? (91.49
ft’);

- Junior officers are understood to be at the
operational level, and senior officers at the
management level.

3.14 The master, the chief engineer and the chief
navigating officer shall have, in addition to their sleeping
rooms, an adjoining sitting room, day room or equivalent
additional space; ships of less than 3,000 gross tonnage
may be exempted by the competent authority from this
requirement after consultation with the ship owners’ and
seafarers’ organizations concerned.

When applicable, requirements above will be requested
for 1% officer as well.

3.15 For each occupant, the furniture shall include a
clothes locker of ample space, minimum 475 liters or
0.475 m® (16.77 ft°), or and a drawer or equivalent
space of not less than 56 liters; if the drawer is
incorporated in the clothes locker then the combined
minimum volume of the clothes locker shall be 500
liters; it shall be fitted with a shelf and be able to be
locked by the occupant so as to ensure privacy.

3.16 Each sleeping room shall be provided with a
table or desk, which may be of the fixed, drop-leaf or
slide-out type, and with comfortable seating
accommodation as necessary.

4, Food Service

41 Mess rooms shall be located apart from the
sleeping rooms and as close as practicable to the
galley; ships of less than 3,000 gross tonnage may be
exempted by the competent authority from this
requirement after consultation with the ship owners’ and
seafarers’ organizations concerned.

Mess lines and mess rooms are protected from
weather, objectionable sights (such as garbage disposal
areas), and objectionable odors (such as from engines,
holds, toilets, fire room, etc.).

TURK LOYDU — HULL —JULY 2016



2-24 Section 2 — Habitability F

4.2 Mess rooms shall be of adequate size and
comfort and properly furnished and equipped (including
ongoing facilities for refreshment), taking account of the
number of seafarers likely to use them at any one time;
provision shall be made for separate or common mess
room facilities as appropriate.

Mess room facilities may be either common or separate.
The decision in this respect shall be taken after
consultation with seafarers’ and ship owners’
representatives and subject to the approval of the
competent authority. Account shall be taken of factors
such as the size of the ship and the distinctive cultural,
religious and social needs of the seafarers.

On ships other than passenger ships, the floor area of
mess rooms for seafarers shall be not less than 1.5 m?
per person of the planned seating capacity.

There shall be available at all times when seafarers are
on board:

- A refrigerator, which shall be conveniently
situated and of sufficient capacity for the number
of persons using the mess room or mess rooms;

- Facilities for hot beverages; and

- Cool water facilities.

Where available pantries are not accessible to mess
rooms, adequate lockers for mess utensils and proper
facilities for washing utensils shall be provided.

Mess rooms have tables and seats sufficient for the
number of persons likely to use them at any one time.
The tops of tables and seating are capable of being
easily cleaned.

Sufficient storage for dry, refrigerated, and frozen food
is provided based on the estimated mass and
associated volume based on the duration of the voyage
or normal food stores replenishment schedules.

Adequate lockers for mess utensils are provided.

5. Sanitary Spaces

5.1 All sanitary spaces shall have ventilation to the
open air, independently of any other part of the
accommodation.

Sanitary accommodation intended for the use of more
than one person shall comply with the following: the
accommodation shall be sufficiently lit, heated, and
ventilated.

All toilet spaces shall be ventilated sufficiently to be
reasonably free of disagreeable odors and
condensation.

5.2 All seafarers shall have convenient access on
the ship to sanitary facilities meeting minimum
standards of health and hygiene and reasonable
standards of comfort, with separate sanitary facilities
being provided for men and for women.

Toilets shall be situated convenient to, but separate
from, sleeping rooms and wash rooms, without direct
access from the sleeping rooms or from a passage
between sleeping rooms and toilets to which there is no
other access; this requirement does not apply where a
toilet is located in a compartment between two sleeping
rooms having a total of not more than four seafarers;
and where there is more than one toilet in a
compartment, they shall be sufficiently screened to

ensure privacy.

Sanitary spaces shall be gender identifiable without
entering the space.

All toilets shall have flush water available at all times

and have a hand washing station.

Water heaters supplying showers shall not support
areas that have higher water temperature requirements,
such as food service areas. If they do, then anti-
scalding devices shall be provided.

Floors in sanitary spaces shall have a non-slip type
deck covering and be easily cleaned.
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Bulkheads in sanitary spaces shall be made of steel or
other approved material and be watertight up to 230 mm
(9 inches) above deck level.

A public sanitary facility shall be situated convenient to
vessel control rooms.

5.3 There shall be sanitary facilities within easy
access of the navigating bridge and the machinery
space or near the engine room control centre; ships of
less than 3,000 gross tonnage may be exempted by the
competent authority from this requirement after
consultation with the ship owners’ and seafarers’
organizations concerned.

The sanitary facility shall contain a toilet and washbasin
having hot and cold running potable water.

A public sanitary facility shall be situated near the ship’s
office if it is not conveniently located near the navigation
bridge.

5.4 In all ships a minimum of one toilet, one wash
basin and one tub or shower or both for every six
persons or less who do not have personal facilities shall
be provided at a convenient location.

5.5 With the exception of passenger ships, each
sleeping room shall be provided with a washbasin
having hot and cold running fresh water, except where
such a washbasin is situated in the private bathroom
provided.

5.6 Hot and cold running fresh water shall be
available in all wash places.

Water heaters supplying washbasins and showers shall
not support areas that have higher water temperature
requirements, such as food service areas. If they do,
then anti-scalding devices shall be provided.

6. Recreation

6.1 All ships shall have a space or spaces on open
deck to which the seafarers can have access when off
duty, which are of adequate area having regard to the
size of the ship and the number of seafarers on board.

6.2 Appropriate seafarers’ recreational facilities,
amenities and services, as adapted to meet the special
needs of seafarers who must live and work on ships,
shall be provided on board for the benefit of all
seafarers, taking into account Regulation 4.3 and the
associated Maritime Labour Convention, 2006 — The
Regulations and the Code provisions on health and
safety protection and accident prevention.

Furnishings for recreational facilities shall as a minimum
include a bookcase and facilities for reading, writing
and, where practicable, games.

Consideration shall also be given to including the
following facilities at no cost to the seafarer, where
practicable:

- A smoking room;

- Television viewing and the reception of radio
broadcasts;

- Showing of films, the stock of which shall be
adequate for the duration of the voyage and,
where necessary, changed at reasonable
intervals;

- Sports equipment including exercise equipment,
table games, and deck games;

- Where possible, facilities for swimming;

- A library containing vocational and other books,
the stock of which shall be adequate for the
duration of the voyage and changed at
reasonable intervals;

- Facilities for recreational handicrafts;

- Electronic equipment such as a radio, television,
video recorders, DVD/CD player, personal
computer and software, and cassette
recorder/player;

- Where appropriate, the provision of bars on
board for seafarers unless these are contrary to
national, religious, or social customs; and
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- Reasonable access to ship-to-shore telephone
communications, and email and Internet
facilities, where available, with any charges for
the use of these services being reasonable in
amount.

7. Laundry

7.1 Appropriately situated and furnished laundry
facilities shall be available.

The laundry facilities provided for seafarers’ use shall
include:

- Washing machines;

- Drying machines or adequately heated and
ventilated drying rooms; and

- Irons and ironing boards or their equivalent.

Facilities exist for washing and drying clothes on a scale
appropriate to the size of the crew and the normal

duration of the voyage.

Laundry facilities shall be sufficient to allow seafarers to
be provided with clean and dry underwear once per day
and clean and dry outerwear and bedding once per five
(5) days.

Washers and dryers (if provided) are placed relative to
each other to facilitate the transfer of clothing from the
washer to the dryer and their capacities shall be
matched.

Air vents from laundry space shall not re-circulate in the

vessel.

TURK LOYDU — HULL —JULY 2016



Section 3 — Design Principles 3-1

SECTION 3

DESIGN PRINCIPLES

YNNI 2 I SRS RRRR 3-2
1. General

2. Hull Structural Steel for Plates and Sections

3. Forged Steel and Cast Steel

4. Aluminium Alloys

5. Austenitic Steels

6. Other Materials and Products

STRUGCTURAL DETAILLS ... oottt ettt ettt ettt e e e skttt e e e m et e e ettt e e e b bt e e e emte e e e aaaeeeeeanbeeeeanneeeesntbeeesanteeeeannees 3-11
. General

. Upper and Lower Hull Flange

. Unsupported Span

. End Attachments

. Effective Width of Plating

. Rigidity of Transverse Members and Girders

. Longitudinal and Transverse Members

. Evaluation of Notch Stresses

© 0o N o g b~ W NP

. Corrosion Allowances

10. Additional Stresses in Asymmetric Sections

BUCKLING ASSESSMENT ...ttt ittt sttt sttt st e st e ss bt e e teess bt e eabe e sab e e aabe e s skt e eabe e e bt e enbee e ke e ebeesbeeanbee et 3-20
1. General

2. Symbols and Definitions

3. Critical Buckling Stress

4. Scantling Criteria

FATIGUE ASSESSMENT ....oiiiiiiiieiitite ettt ee e sttt e e sttt e e sttt e e e aate e e e ettt e e e aaeeeeeamteeeeasteeeeanseeeesasbeeeeanteeeeanneeeesnnneeens 3-24
. General

. Definition

. Scope

. Quality Assurance

. Fatigue Strength Analysis for Free Plate Edges and for Welded Joints Using Detail Classification

. Design "S-N" Curves

N o o~ WN B

. Structural Hot Spot Stresses

TESTING PROCEDURES OF WATERTIGHT COMPARTMENTS ....ooiiiiiiiiiiiee et e et e e e nneee e 3-48
1. General

2. Testing Methods

3. General Testing Requirements

4. Additional Requirements for Special Type Vessels/Tanks

TURK LOYDU — HULL —JULY 2016



3-2 Section 3 — Design Principles A

A. Materials

1. General

All materials to be used for the structural members
designed according to the TL Hull Construction Rules are
to conform to the TL Rules for Materials. Materials with
different properties and characteristics may be accepted,
provided that their specifications describing the chemical
composition, mechanical properties, welding properties,
manufacturing techniques, etc. are submitted to TL for

approval.

2. Hull Structural Steel for Plates and Sections
2.1 Ordinary Hull Structural Steel

211 Ordinary hull structural steel is a hull structural

steel with a minimum nominal upper yield point Rey of
235 N/mm? and a tensile strength of 400 - 520 N/mm?.

2.1.2 The material factor k in the formulae of the
following sections is to be assigned 1.0 for the ordinary
hull structural steel.

213 Ordinary hull structural steel is grouped into the
grades TL-A, TL-B, TL-D, TL-E, which differ from each
other in their toughness properties. Rules and
requirements for the application of the individual grades

to the hull structural members are provided in 2.3.

214 If for special structures the use of steels with
yield properties less than 235 N/mm? has been accepted,

the material factor k is to be determined by,

235
k=—-
Ren
2.2 Higher Tensile Hull Structural Steels
221 Higher tensile hull structural steel is a hull

structural steel, the yield and tensile properties of which
exceed those of ordinary hull structural steel. According
to the Rules for Materials, for three groups of higher
tensile hull structural steels the nominal upper yield
stress Req is fixed at 315, 355 and 390 N/mm?
respectively. Where higher tensile hull structural steel is
used, the following values of the material factor k are to

be used for the purpose of determining scantlings.

Table 3.1 Material factor k

Ren [N/mm?] k
315 0.78
355 0.72
390 0.68

For the higher tensile hull structural steels with other
nominal yield stresses, the material factor k may be
determined by the following formula:

295
k=——
Ren +60
Warning:
When higher tensile structural steels are used, the permissible
stress value may be restricted by the buckling and fatigue
strength criteria.

222 Higher tensile hull structural steel is grouped
into the following grades, which differ from each other in
their toughness properties: TL-AH 32/36/40, TL-DH
32/36/40, TL-EH 32/36/40/47 and TL-FH 32/36/40.

Note: For provisions related to TL-EH47, Chapter 2 Material
Section 3 J is to be applied.

2.2.3 Where structural members are completely or
partly made from higher tensile hull structural steel, a
suitable notation will be entered into the ship's certificate.

224 The structural members made of high tensile
steel shall be identified in the drawings submitted for
approval. These drawings are to be placed on board in

case any repairs are to be carried out.

225 Regarding the rules and requirements for
welding higher tensile hull structural steel, Chapter 3,

Welding apply.
2.3 Material Selection for the Hull
231 Material classes

For the material selection for hull structural members,
material classes as given in Table 3.2 are defined.

2.3.2 Material selection for
structural members

longitudinal

Materials in the various strength members are not to be
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of lower grade than those corresponding to the material
classes and grades specified in Table 3.2 to Table 3.8.
General requirements are given in Table 3.2, while
additional minimum requirements are given in the
following:

Table 3.3: For ships, excluding liquefied gas carriers
covered in Table 3.4, with length exceeding 150 m and
single strength deck,

Table 3.4: for membrane type liquefied gas carriers with
length exceeding 150 m,

Table 3.5: For ships with length exceeding 250 m,

Table 3.6: For single side bulk carriers subjected to
SOLAS regulation XI1/6.4.3,

Table 3.7: For ships with ice strengthening.

The material grade requirements for hull members of
each class depending on the thickness are defined in
Table 3.8.

For strength members not mentioned in Tables 3.2 to
3.7, Grade A/AH may generally be used. The steel grade
is to correspond to the as-built plate thickness and
material class.

Plating materials for stern frames supporting the rudder
and propeller boss, rudders, rudder horns and shaft
brackets are in general not to be of lower grades than
corresponding to Class Il. For rudder and rudder body
plates subjected to stress concentrations (e.g. in way of
lower support of semi-spade rudders or at upper part of

spade rudders) Class Il is to be applied.

2.3.3 Material selection for local structural
members
2.3.3.1 The material selection for local structural

members, which are not part of the longitudinal hull
structure, may in general be effected according to Table
3.9. For parts made of forged steel or cast steel 3 is to be
applied.

2.3.3.2

stress concentrations (e.g. in way of lower support of

Rudder body plates, which are subjected to

semi-spade rudders), are to be of class Ill material.

2.3.3.3
A/AH may normally be used. However, TL may require

For members not specifically mentioned, grade

higher grades depending on the stress level.

2.3.34 For top plates of machinery foundations
located outside 0.6 L amidships, grade A ordinary hull
structural steel may also be used for thicknesses above
40 mm.

2.34 Material selection for structural members

exposed to low temperatures

2.3.4.1 The material selection for structural members
which are continuously exposed to temperatures below
0°C, e.g. in or adjacent to refrigerated cargo holds, is
governed by the design temperature of the structural
members. The design temperature is determined by a
statistical calculation taking into account the
temperature variation in the design environment. The
design environmental temperatures for unrestricted

service are

Air :+5°C

Seawater : 0°C.

2342
areas with low air temperatures (below and including

For ships intended to operate permanently in

-20°C, e.g. regular service during winter seasons to
Arctic or Antarctic waters), the materials in exposed
structures are to be selected based on the design
temperature tp, to be taken as defined in 2.3.4.5.

Materials in the various strength members above the
lowest ballast water line (BWL) exposed to air are not to
be of lower grades than those corresponding to Classes
I, Il and lll, as given in Table 3.10, depending on the
categories of structural members (SECONDARY,
PRIMARY and SPECIAL). For non-exposed structures
and structures below the lowest ballast water line, 2.3.2
and 2.3.3 apply.

2343
material class depending on thickness and design

The material grade requirements for each
temperature are defined in Table 3.11. For design
temperatures below -55°C (tp < -55°C), special materials

shall be considered.
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2.3.4.4 Single strakes required to be of class Il or of Plating materials for stern frames, rudder horns, rudders

grade E/EH or FH are to have breadths not less than and shaft brackets are not to be of lower grades than
800+5 - L mm, but not exceeding 1800 mm. those corresponding to the material classes given in

2.3.3.

Table 3.2 Material classes and grades for ships in general

Structural member category

Material class / grade

Secondary:

1. Longitudinal bulkhead strakes, other than that belonging to the
Primary category

2. Deck plating exposed to weather, other than that belonging to
the Primary or Special category

3. Side plating

- Class | within 0.4 L amidships
- Grade A/AH outside 0.4 L amidships

Primary:

1. Bottom plating, including keel plate

2. Strength deck plating, excluding that belonging to the Special
category

3. Continuous longitudinal plating of strength members above

strength deck, excluding hatch coamings

4. Uppermost strake in longitudinal bulkhead

5. Vertical strake (hatch side girder) and uppermost sloped strake in
top wing tank

- Class Il within 0.4 L amidships
- Grade A/AH outside 0.4 L amidships

Special:

1. Sheer strake at strength deck (1)

2. Stringer plate in strength deck (1)

3. Deck strake at longitudinal bulkhead, excluding deck plating in
way of inner-skin bulkhead of double-hull ships (1)

- Class Il within 0.4 L amidships
- Class Il outside 0.4 L amidships
- Class | outside 0.6 L amidships

4. Strength deck plating at outboard corners of cargo hatch openings
in container carriers and other ships with similar hatch opening
configurations

- Class Il within 0.4 L amidships

- Class Il outside 0.4 L amidships

- Class | outside 0.6 L amidships

- Minimum Class Il within cargo region

5. Strength deck plating at corners of cargo hatch openings in bulk
carriers, ore carriers, combination carriers and other ships with
similar hatch opening configurations

5.1 Trunk deck and inner deck plating at corners of openings for

liquid and gas domes in membrane type liquefied gas carriers

- Class Il within 0.6 L amidships
- Class Il within rest of cargo region

6. Bilge strake in ships with double bottom over the full breadth and
length less than 150 m (1)

- Class Il within 0.6 L amidships
- Class | outside 0.6 L amidships

7. Bilge strake in other ships (1)

- Class Il within 0.4 L amidships
- Class Il outside 0.4 L amidships
- Class | outside 0.6 L amidships

8. Longitudinal hatch coamings of length greater than 0.15 L

including coaming top plate and flange

9. End brackets and deck house transition of longitudinal cargo hatch
coamings

- Class Il within 0.4 L amidships
- Class Il outside 0.4 L amidships
- Class | outside 0.6 L amidships
- Not to be less than grade D/DH

(1) Single strakes required to be of Class Il within 0.4 L amidships are to have breadths not less than 800 + 5 L [mm], but not

greater than 1800 mm, unless limited by the geometry of the ship's design.
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Table 3.3 Minimum material grades for ships, excluding liquefied gas carriers covered in Table 3.4, with length
exceeding 150 m and single strength deck

Structural member category Material grade

e Longitudinal plating of strength deck where contributing to | Grade B/AH within 0.4 L amidships
longitudinal strength

e Continuous longitudinal plating of strength members above
strength deck

Single side strakes for ships without inner continuous longitudinal | Grade B/AH within cargo region
bulkhead(s) between bottom and the strength deck

Table 3.4 Minimum Material Grades for membrane type liquefied gas carriers with length exceeding 150 m (1)

Structural member category Material grade

Longitudinal plating of strength deck where contributing to o o
o Grade B/AH within 0.4L amidships
the longitudinal strength

Trunk deck plating Class Il within 0.4L amidships
Continuous longitudinal e Inner deck plating
plating of strength
members above the e |ongitudinal strength Grade B/AH within 0.4L amidships
strength deck member plating between

the trunk deck and inner

deck

(1)Table 3.4 is applicable to membrane type liquefied gas carriers with deck arrangements as shown in Figure 3.1.
Table 3.4 may apply to similar ship types with a “double deck” arrangement above the strength deck.

Trunk Deck

/ Inner Deck

Strength Deck A

.

Figure 3.1 Typical deck arrangement for membrane type Liquefied Natural Gas Carriers
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Table 3.5 Minimum material grades for ships with length exceeding 250 m

Structural member category Material grade
Shear strake at strength deck (1) Grade E/EH within 0.4 L amidships
Stringer plate in strength deck (1) Grade E/EH within 0.4 L amidships
Bilge strake (1) Grade D/DH within 0.4 L amidships

(1) Single strakes required to be of Grade E/EH and within 0.4 L amidships are to have breadths not less than 800 + 5 L [mm],

need not be greater than 1800 mm, unless limited by the geometry of the ship's design.

Table 3.6 Minimum material grades for single-side skin bulk carriers subjected to SOLAS regulation XI1/6.4.3

Structural member category Material grade

Lower bracket of ordinary side frame (1) (2) Grade D/DH

Side shell strakes included totally or partially between the

two points located to 0.125 £ above and below the intersection
) ] ] ) Grade D/DH
of side shell and bilge hopper sloping plate or inner

bottom plate (2)

(1) The term "lower bracket" means webs of lower brackets and webs of the lower part of side frames up to the point of 0.125 €
above the intersection of side shell and bilge hopper sloping plate or inner bottom plate.
(2) The span of the side frame € is defined as the distance between the supporting structures.

Table 3.7 Minimum material grades for ships with ice strengthening

Structural member category Material grade

Shell strakes in way of ice strengthening area for plates Grade B/AH

Table 3.8 Steel grades to be used, depending on plate thickness and material class

Thickness t [mm]
) > 15 > 20 > 25 > 30 > 35 > 40 > 50
Material class <15 <20 <25 <30 <35 <40 <50 <100 (3)
I A/AH A/AH A/AH AJAH B/AH B/AH D/DH D/DH (2)
I A/AH A/AH B/AH D/DH D/DH (4) | D/DH (4) E/EH E/EH
i A/AH B/AH D/AH D/DH (4) E/EH E/EH E/EH E/EH

(1) Actual thickness of the structural member.

(2) For thickness t > 60 mm. E/EH.

(3) For thickness t > 100 mm. the steel grade is to be agreed with TL.
(4)  For nominal yield stresses Rey >390 N/mm? , EH.

Table 3.9 Material selection for local structural members

Structural member Material class

Hawse pipe, stern tube, pipe stanchion (3) I

Face plates and webs of girder systems, hatch covers 11 (1)

Rudder body (2), rudder horn, sole piece, stern frame, propeller brackets Il

(1) Class I material sufficient, where rolled sections are used or the parts are machine cut from normalized, rolled-normalized or
rolled thermo-mechanical plates.

(2) See2.33.2

(3) For pipe stanchions for cargo reefer holds, Table 3.11 is applicable.
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Table 3.10 Material classes and grades for structures exposed to low temperatures

Material class
Structural member category Within 0.4L Outside 0.4L
amidships amidships

SECONDARY :

Deck plating exposed to weather, in general
Side plating above BWL (5)
Transverse bulkheads above BWL (5)

PRIMARY:

Strength deck plating (1)
Continuous longitudinal members above strength deck, excluding Il
longitudinal hatch coamings

Longitudinal bulkhead above BWL (5)
Top wing tank plating above BWL (5)

SPECIAL :

Sheer strake at strength deck (2) " |
Stringer plate in strength deck (2)
Deck strake at longitudinal bulkhead (3)

Continuous longitudinal hatch coamings (4)

@)

)
®)
(4)
(5)

Plating at corners of large hatch openings to be specially considered. Class Il or grade E/EH to be applied in positions
where high local stresses may occur.

Not to be less than grade E/EH within 0.4L amidships in ships with length exceeding 250 meters.

In ships with breadth exceeding 70 meters at least three deck strakes to be of class Il1.

Not to be less than grade D/DH..

BWL = ballast water line.
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Table 3.11 Material grade requirements for classes |, Il and IIl at low temperatures

Class |
Plate thickness to to to to
[mm] -20/-25°C -26/-35°C -36/-45°C -46/-55°C
t<10 A /AH B / AH D/ DH D / DH
10<t=<15 B / AH D / DH D / DH D / DH
15<t<20 B / AH D/ DH D/ DH E / EH
20<t=<25 D/ DH D/ DH D/ DH E / EH
25<t=<30 D / DH D / DH E / EH E / EH
30<t<35 D/ DH D/ DH E / EH E / EH
35<t=s45 D / DH E / EH E / EH FH
45<t<50 E / EH E / EH FH FH
Class Il
Plate thickness to to to to
[mm] -20/-25°C -26/-35°C -36/-45°C -46/-55 °C
t<10 B / AH D / DH D / DH E / EH
10<t=<20 D / DH D / DH E / EH E / EH
20<t=<30 D/ DH E / EH E / EH FH
30<t=<40 E / EH E / EH FH FH
40<t=<45 E / EH FH EH
45<t<50 E / EH FH FH
Class Il
Plate thickness to to to to
[mm] -20/-25°C -26/-35°C -36/-45°C -46 / -55 °C
t<10 D/ DH D/ DH E / EH E / EH
10<t<20 D/ DH E / EH E / EH FH
20<t=25 E / EH E / EH E / FH FH
25<t<30 E / EH E / EH FH FH
30<t=<35 E / EH FH FH
35<t=<40 E / EH FH FH
40<t<50 FH FH
2.3.45 The design temperature tp is to be taken as For seasonally restricted service, the lowest expected

the lowest mean daily average air temperature in the
area of operation, (see Figure 3.2). The following
definitions apply:

Mean Statistical mean over an observation
period of at least 20 years.

Average : Average during one day and night.

Lowest Lowest during year.

value within the period of operation applies.

2.4 Structural Members Stressed in the

Direction of Their Thickness

In case of high local stresses in the thickness direction,
e.g. due to shrinkage stresses in single bevel or double
bevel T-joints with a large volume of weld metal, steels
with guaranteed material properties in the thickness
direction according to the Chapter 2, Rules for Materials
are to be used.
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Mean daily maximum temperature

\\ Mean daily average temperature
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tp = design temperature

Mean daily minimum temperature

Figure 3.2 Commonly used definitions of temperatures

3. Forged Steel and Cast Steel

Forged steel and cast steel for stem, stern frame,
rudder post as well as other structural components,
which are subject of this Rule, are to comply with the TL
Chapter 2, Materials. The tensile strength of forged
steel and of cast steel is not to be less than 400 N/mm?>.
Forged steel and cast steel are to be selected by
considering the requirements of 2.3. In this respect,
beside strength properties, the toughness requirement
and suitability for welding shall be satisfied.

4. Aluminium Alloys

4.1 General

4.1.1  The characteristics of aluminium alloys are to
comply with the requirements of the TL Chapter 2,
Materials. Series 5000 aluminium-magnesium alloys or
series 6000 aluminium-magnesium-silicon alloys are to

be used.

4.1.2 In the case of structures subjected to low
service temperatures or intended for other specific
applications, the type of alloys to be used is subject to

TL approval.

41.3 Unless otherwise agreed, the Young’s modulus
for aluminium alloys is equal to 70000 N/mm? and the
Poisson’s ratio equal to 0.33.

4.2 Extruded plating

421 Extrusions with built-in plating and stiffeners,
referred to as extruded plating, may be used.

422 In general, the application is limited to decks,
bulkheads, superstructures and deckhouses. Other
uses may be permitted by TL on a case by case basis.

4.2.3  Extruded plating is to be oriented so that the
stiffeners are parallel to the direction of main

stresses.

4.2.4  Connections between extruded plating and
primary members are to be given special attention.

4.3 Mechanical properties of weld joints

4.3.1 Welding heat input Ilowers Ilocally the
mechanical strength of aluminium alloys hardened by
work hardening (series 5000 other than condition
O/H111) or by heat treatment (series 6000).

4.3.2 The as-welded properties of aluminium alloys
of series 5000 are in general those of condition O/H111.
Higher mechanical characteristics may be taken into
account, provided they are duly justified.

4.3.3 The as-welded properties of aluminium alloys
of series 6000 are to be agreed by TL.

4.4 Material factor ka

4.4.1 The material factor ka for aluminium alloys is
to be obtained from the following formula:

K 235
Al '
RIim
where
Rim = Minimum guaranteed vyield stress of the

parent metal in welded condition R’ o2 , in

[N/mmz], but not to be taken greater than
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70% of the minimum guaranteed tensile
strength of the parent metal in welded
condition R’ in [N/mm?]

R' po2 = N1 Rpo.2
Rm’ = N2:-Rm
Rpo2 = Minimum guaranteed yield stress, in N/mmz,

of the parent metal in delivery condition
Rm = Minimum guaranteed tensile strength, in
N/mm? of the parent metal in delivery

condition

Specified in Table 3.12.

N1, N2

4.4.2 In the case of welding of two different
aluminium alloys, the material factor ks to be
considered for the scantlings is the greater material
factor of the aluminium alloys of the assembly.

Table 3.12  Aluminium alloys for welded
construction

Table 3.13 Aluminium alloys - Metallurgical
efficiency coefficient B

Aluminium alloys N1 N2

Alloys without work-hardening
treatment (series 5000 in annealed 1 1
condition O or annealed flattened
condition H111)
Alloys hardened by work hardening

] . R’po.2 R'm
(series 5000 other than condition O/
Hlll) RpO.Z Rm
Alloys hardened by heat treatment R'bo2

% y heat treatmen — | o6
(series 6000)® Rpo2
Notes:

(1) When no information is available, coefficient ny 1S t0
be taken equal to the metallurgical efficiency coefficient
defined in Table 3.13.

R’50.2 - Minimum guaranteed yield stress, in N/mm?, of
material in welded condition.

R’y : Minimum guaranteed tensile strength, in N/mm?, of

material in welded condition

Gross
o Temper .
Aluminium alloy . thickness B
condition
[mm]
6005 A t<6 0.45
) T5or T6
(Open sections) t>6 0.40
6005 A
. T5or T6 All 0.50
(Closed sections)
6061 (Sections) T6 All 0.53
6082 (Sections) T6 All 0.45
5. Austenitic Steels

Where austenitic steels are applied having a ratio
Rpo2/Rm < 0.5, after special approval the 1 % proof
stress Rp1,0 may be used for scantling purposes instead
of the 0.2 % proof stress Rpo.2.

6. Other Materials and Products

6.1 Other materials and products such as parts
made of iron castings, where allowed, products made of
copper and copper alloys, rivets, anchors, chain cables,
cranes, masts, derrick posts, derricks, accessories and
wire ropes are to comply with the applicable
requirements of TL Chapter 2, Materials.

6.2 The use of plastics or other special materials
not covered by these Rules is to be considered by TL
on a case by case basis. In such cases, the
requirements for the acceptance of the materials
concerned are to be agreed by TL.

6.3 Materials used in welding processes are to
comply with the applicable requirements of the TL Rules
for Materials.

6.4 As a rule, the use of grey iron, malleable iron
or spherical graphite iron cast parts with combined
ferritic/perlitic structure is allowed only for manufacturing

low stress elements of secondary importance.

6.5 Ordinary iron cast parts may not be used for
windows or side scuttles. The use of high grade iron
cast parts of a suitable type will be considered by TL on
a case by case basis.
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B. Structural Details

1. General

This section contains definitions and principles for using
the formulae in the following sections as well as
indications concerning structural details.

1.1 Permissible  stresses and required
sectional properties

In the following sections, the permissible stresses are
determined in addition to the formulae for calculating the
section moduli and cross sectional areas of webs of
frames, beams, girders, stiffeners etc. These formulae
may be used when determining the scantlings of those
elements by means of direct strength calculations.

In principle, the required section moduli and web areas
are related to an axis which is parallel to the connected
plating.

The required sectional properties of commonly available
profiles connected vertically to plating are given in
tables.

Where webs of stiffeners and girders are not fitted
vertically to the plating (e.g. frames on the shell in the
flaring fore body) the sectional properties (moment of
inertia, section moduli and shear area) have to be
determined for an axis which is parallel to the plating.

For bulb profiles and flat bars, the section modulus of
the inclined profile can be calculated in a simplified
manner by multiplying the corresponding value for the
vertically arranged profile by sin o where o is the smaller
angle between the web and attached plating.

Note:
In general, for bulb profiles and flat bars, o needs only be

taken into account when a. is less than 75°.

Furthermore, with asymmetric profiles where additional
stresses occur according to 10, the required section
modulus must be increased by the factor ks, depending
on the type of profile (see B.10).

1.2 Plate panels subjected to lateral pressure

The formula for plate panels subjected to lateral
pressure as given in the following sections are based on
the assumption of an un-curved plate panel having an
aspect ratio b/a = 2.24.

For curved plate panels and/or plate panels having
aspect ratios smaller than b/a = 2.24, the thickness may
be reduced as follows:

t=C-a-yp-k-f-f,+t,

C = Constant, e.g. C=1.1 for tank plating
a

f1 =1-—
2r

flmin = 075

f,  =+11-05(b)’

fomax =1.0

r = Radius of curvature,

a = Smaller breadth of plate panel,

b = Larger breadth of plate panel,

p = Applicable design load.

tk = Corrosion addition according to 9.

The above does not apply to the plate panels subjected
to ice pressure as defined in Section 14 and to
longitudinally framed side shell plating as defined in

Section 7.
2. Upper and Lower Hull Flange
2.1 All  continuous  longitudinal  structural

members up to zo below the strength deck at side and
up to z, above base line are considered to be the upper
and lower hull flange respectively.

2.2 Where the upper and/or the lower hull flange
are made from ordinary hull structural steel their vertical

extent zo = z, equals 0.1 H.
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On ships with continuous longitudinal structural
members above the strength deck, a fictitious depth
H =eg + e'p is to be applied. Here,

es = The distance between the neutral axis of the
midship section and the base line in [m],

e'b = See Section 6, C.4.1.
2.3 The vertical extent z of the upper and lower hull

flange respectively made from higher tensile steel of
one quality is not to be less than:

z = e(®1-n-k)

e = Distance of deck at side or of the base line
from the neutral axis of the midship section.
For ships with continuous longitudinal
structural members above the strength deck,
see Section 6, C.4.1.

n = W(a)/\N ,

W@ = Actual deck or bottom section modulus,

W = Rule deck or bottom section modulus.

If higher tensile steel of two different qualities are used,
the stresses shall not exceed the permissible stresses

determined according to Section 6, C.1.

3. Unsupported Span

3.1 Stiffeners, frames

The unsupported span { is either the length of the
stiffeners between two supporting girders or their length

including end attachments (brackets).

The frame spacings and spans are to be measured in a
vertical plane parallel to the centerline of the ship.
However, if the ship's side deviates more than 10° from
this plane, the frame distances and spans shall be

measured along the side of the ship.

Instead of the true length of curved frames, the length of
the chord between the supporting points can be selected.

3.2 Corrugated Bulkhead Elements

The unsupported span { of the corrugated bulkhead
elements is their length between the bottom and deck or
their length between vertical or horizontal girders.
Where corrugated bulkhead elements are connected to
box type elements of comparatively low rigidity, their
depth is to be included into the span { unless
calculations prove otherwise.

3.3 Transverse members and girders

The unsupported span { of transverse members and
girders is to be determined according to Figure 3.3,
depending on the type of end attachment.

¢« Qxb

e = N

Figure 3.3 Unsupported span €

=
7

In special cases, the rigidity of the adjoining girders is to
be taken into account when determining the span of the

girder.
4, End Attachments
4.1 Definitions

For determining scantlings of beams, stiffeners and girders
the terms "constraint" and "simple support" will be used.

"Constraint" will be assumed where for instance the
stiffeners are rigidly connected to other members by
means of brackets or are running throughout over

supporting girders.

"Simple support” will be assumed where for instance
the stiffener ends are sniped or the stiffeners are
connected to plating only, (see 4.3).

4.2 Brackets

421 For the scantlings of brackets, the required

TURK LOYDU — HULL —JULY 2016



B Section 3 - Design Principles 3-13

modulus of the section is determining parameter. Where
sections of different section moduli are connected to
each other, the scantlings of the brackets are generally
governed by the smaller section.

4.2.2 The thickness of brackets is not to be less
than:

t=c: 3\/ W /Ky +tk » [mm]

C = 1.2 for non-flanged brackets

C = 0.95 for flanged bracket

k1 = Material factor k for the section according to
A.2.2

tk = Corrosion allowance according to 9.

w = Section modulus of smaller section in [cm?]

tmin = 5.0+ tx [mm]

tmax = Web thickness of smaller section.

The thickness of brackets in tanks is not to be less than
the minimum thickness tmn as per Section 12, B.2

Section 27 and Section 28, respectively.

4.2.3 The arm length of brackets is not to be less
than:

W
1=4623— [k, -c, [mm]
Ky
Lmin = 100 mm.
ct=+t/t,
ta = "as built” thickness of bracket [mm]
ta 2 t (according to 4.2.2)

W as defined in 4.2.2

ko Material factor k for the bracket according to

A2.2

The arm length { is the length of the welded connection.

Note :

For deviating arm length the thickness of brackets is to be
estimated by direct calculations considering sufficient safety
against buckling.

4.2.4 The throat thickness of the welded connection
is to be determined according to Section 20 B.4.

425 Where flanged brackets are used, the width
of the flange is to be determined according to the
following formula:

b =40 + W/30 [mm]

where, b is not to be taken less than 50 mm and need
not be taken greater than 90 mm.

4.3 Sniped Ends of Stiffeners

Stiffeners may be sniped at the ends, if the thickness of
the plating supported by stiffeners is not less than:

t:c-\/p-a(£—0,5~z;1)/ReH , [mm]

p = Design load in [kN/m?]
£ = Unsupported length of stiffener in [m]
a = Spacing of stiffeners in [m]

Ren = Minimum nominal upper vyield stress of the

plating material in [N/mmz] according to Section.

A2.2
¢ = 15.8 for watertight bulkheads and for tank
bulkheads when loaded by p, according to
Section 5, D.8.
¢ = 19.6 otherwise.
4.4 Corrugated bulkhead elements

Care is to be taken that the forces acting at the supports
of corrugated bulkheads are properly transmitted into
the adjacent structure by fitting structural elements such
as carlings, girders or floors in line with the

corrugations.

TURK LOYDU — HULL —JULY 2016



3-14 Section 3 - Design Principles B

1

T \ =+

mwawawSBLe,

Figure 3.4 Corrugated bulkhead support

Guidance :

Where carlings or similar elements cannot be fitted in line
with the web strips of corrugated bulkhead elements, these
web strips cannot be included in the section modulus at the

support point for transmitting the moment of constraint.
Deviating from the formula stipulated in Section 11, B.3.3 the
section modulus of a corrugated element is then to be
determined by the following formula:

W=tb-(d+1) [em]
5. Effective Width of Plating

51 Frames and stiffeners

Generally, the spacing of frames and stiffeners may be
taken as effective width of plating.

5.2 Girders

5.2.1  The effective width of plating en of the frames
and girders may be determined according to Table 3.14
considering the type of loading.

Special calculations may be required for determining the

effective width of one-sided or asymmetrical flanges.

5.2.2  The effective cross sectional area of plates is
not to be less than the cross sectional area of the face
plate.

5.2.3 The effective width of stiffeners and girders
subjected to compressive stresses may be determined
according to C, but is in no case to be taken greater
than determined by 5.2.1.

5.3 Cantilevers

Where cantilevers are fitted at every frame, the effective

width of plating may be taken as the frame spacing.

Where cantilevers are fitted at a greater spacing, the
effective width of plating at the respective cross section
may approximately be taken as the distance of the
cross section from the point on which the load is acting,
however, not greater than the spacing of the cantilevers.

Table 3.14 Effective width ey, of frames and girders

ele 0] 1 2 3 4 5 6 7 28

em/e | 0 [0.36(0.64(0.82(0.91(0.96| 0.98 |1.00| 1.0

ems/e | 0 |0.20(0.37(0.52|0.65]|0.75| 0.84 |0.89( 0.9

em IS to be applied where girders are loaded by
uniformly distributed loads or else by not less than 6
equally spaced single loads.

em2 is to be applied where girders are loaded by 3 or
less single loads.

Intermediate values may be obtained by direct

interpolation.

{ = Length between zero-points of bending moment
curve, i.e. unsupported span in case of simply
supported girders and 0.6 X unsupported span
in case of constraint of both ends of girder

e = Width of plating supported, measured from
center to center of the adjacent unsupported
fields.

6. Rigidity of Transverse Members and

Girders

The moment of inertia of deck transverse members and

girders, is not to be less than:

l=c-W-¢ [ecm?
c = 4.0 if both ends are simply supported
c = 2.0if one end is constrained
c = 1.5if both end are constrained
w = Section modulus of the structural member

considered in [cm?]

I4 = Unsupported span of the structural member

considered in [m].
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7. Longitudinal and Transverse Members
7.1 Longitudinal Members
711 All longitudinal members taken into account

for calculating the midship section modulus are to
extend over the required length amidships and are to be
tapered gradually to the required end thicknesses (see
Section 6).

7.1.2 Abrupt discontinuities of strength of longi-
tudinal members are to be avoided as far as practicable.
Where longitudinal members having different scantlings
are connected with each other, smooth transitions are to
be provided.

Special attention in this respect is to be paid to the
construction of continuous longitudinal hatch coamings
forming part of the longitudinal hull structure.

7.1.3 At the ends of longitudinal bulkheads or
continuous longitudinal walls suitable scarphing
brackets are to be provided.

7.2 Transverse Members and Girders

7.2.1 Where transverse members and girders fitted
in the same plane are connected to each other, major
discontinuities of strength shall be avoided. The web
depth of the smaller girder shall, in general, not be less
than 60 % of the web depth of the greater one.

7.2.2 The taper between face plates with different
dimensions is to be gradual. In general the taper shall
not exceed 1: 3. At intersections the forces acting in the

face plates are to be properly transmitted.
7.2.3 For transmitting the acting forces the face

plates are to be supported at their knuckles. For

supporting the face plates of cantilevers, (see Figure 3.5).

Figure 3.5 Support of face plates of cantilevers

7.2.4  Upon special approval the stiffeners at the
knuckles may be omitted if the following condition is
complied with:

ca<op be N/ mm’]
by

Oa = Actual stress in the face plate at the knuckle

in [N/mm?]
Op = Permissible stress in the face plate in [N/mmz]
by = Breadth of face plate in [mm]
be = Effective breadth of face plate:

be = tw + Ny [ts + c(b - t)] [mm]
tw = Web thickness in [mm]

tf Face plate thickness in [mm]

b =L (b-tw) [mm]
n

oo 1 N N -ts
[(b—tf)Z/R -tf}—n2 o’ -R
Cmax = 1.0
2a = Knuckle angle in [°], (see Figure 3.6).
Omax = 45°
R = Radius of rounded face plates
R = t; for knuckled face plates
ni = 1 for un-symmetrical face plates (face plate at
one side only)
Ny = 2 for symmetrical face plates
nz = 0 for face plates not supported by brackets
Ny = O.S)(bR-—.t:f)2 <1.0 for face plates of multi-web

girders

TURK LOYDU — HULL —JULY 2016



3-16 Section 3 - Design Principles B

n3 = 3 if no radial stiffener is fitted
N3 = 1500 if one radial stiffener is fitted
n3 = 3000 if two or more radial stiffeners are fitted

or if one knuckle stiffener is fitted according to
(a) in Figure 3.6

if one stiffener is fitted according to (b) in Figure 3.6

3 <n3<3000
d = Distance of the stiffener from the knuckle
[mm]

P

—-Idu— "'l::

(b)

ty

sy

o P

A
L

Figure 3.6 Typical stiffeners of rounded or knuckled

face plates

For proof of fatigue strength of the weld seam in the
knuckle, the stress concentration factor Ks (angle 2a<
35° according to Figure 3.6) related to the stress 0, in
the face plate of thickness ti may be estimated as
follows and may be evaluated with case 5 of Table 3.32

Ks = t_f l+&tan{t£2a:|
tn t; R
+|

ng = 7.143 for d
—>8
t;
- E-O.51-ziﬁfor82£>l.35
ts ts ts
d d
- 0.5-—+0.125 for1.35>—>-0.25
ts ts

The welding seam has to be shaped according to Figure
3.7.

Scantlings of stiffeners (guidance):

thickness :  tp =ﬁ-tf -2sin a

Cp
height: h=15-b
7.2.5 For preventing the face plates from tripping

adequately spaced stiffeners or tripping brackets are to
be provided. The spacing of these tripping elements
shall not exceed 12 - bs (bs = Breadth of face plate).

7.2.6 The webs are to be stiffened to prevent
buckling see also C.).

7.2.7 The location of lightening holes shall be such
that the distance from hole edge to face plate is not less
than 0.3 x web depth.

7.2.8 In way of high shear stresses lightening holes

in the webs are to be avoided as far as possible.
7.3 Knuckles (General)

Flanged structural elements transmitting forces
perpendicular to the knuckle, are to be adequately
supported at their knuckle, i.e. the knuckles of the inner
bottom are to be located above floors, longitudinal

girders or bulkheads.

If longitudinal structures, such as longitudinal bulkheads
or decks, include a knuckle which is formed by two
butt-welded plates, the knuckle is to be supported in the
vicinity of the joint rather than at the exact location of
the joint. The minimum distance to the supporting
structure is to be at least (see Figure 3.7),

25+t?f <50 [mm]
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Figure 3.7 Welding and support of knuckles
On bulk carriers at knuckles between inner bottom and Ok < f-Ren

tank side slopes in way of floors the welding cut-outs
must be closed by collar plates or insert plates, (see
Figure 3.8).

In both cases a full penetration weld is required to inner
bottom and bottom girder.

Collar plate or insert plate
with full penetration weld
connection to inner bottom;xy

hopper plating and bottom \ \

girder
Section A - A

/
Edge | Floor
chamfered

for full
penetration

V -

Figure 3.8 Knuckles of the double bottom

8. Evaluation of Notch Stresses

The notch stress ok evaluated for linear-elastic material
behaviour at free plate edges, e.g. at hatch corners,
openings in decks, walls, girders etc., should, in

general, fulfill the following criterion:

1.1 for ordinary hull structural steel

0.9 for higher tensile steel with
Ren = 315 N/mm?

0.8 for higher tensile steel with
Ren = 355 N/mm?

0.73 for higher tensile steel with
Rer = 390 N/mm?

If plate edges are free of notches and corners are
rounded-off, a 20 % higher notch stress ox may be
permitted.

A further increase of stresses may be permitted on the
basis of a fatigue strength analysis as per D.

For some types of openings the notch factors are given
in Figures. 3.8 and 3.9.

They apply to stress conditions with uniaxial or biaxial
normal stresses.

In case of superimposed stresses due to longitudinal
and shear loads, the maximum notch stress Okmax Of
rectangular

openings with rounded corners can

approximately be calculated as follows:
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Figure 3.9 Notch factor K; for rounded openings

_ [ 2 2
Oxmax = T Ky -y/op +3-14

for o1 = Tensile stress

- [ 2 2
= -K, o, +3-14

for o1 = compressive stress

Kiv = Notch factor for equivalent stress
=m-,p+cC

m,c = Parameters according to Figure 3.11.

f,a = Length and height of opening

T1 = Shear stress related to gross area of section

o1 = Longitudinal stress (in direction of length ¢ of

opening) related to gross area of section

r = Radius of rounded corner

p = Ratio of smaller length to radius of corner (¢/r
or a/r).

Pmn = 3

Note:

Because the notch factor and the equivalent stress are always
positive, the sign of oy governs the most unfavorable
superposition of the stress components in any of the four
corners. A load consisting of shear only, results in notch
stresses of equal size with two positive and two negative
values in the opposite corners.

An exact evaluation of notch stresses is possible by
means of finite element calculations

For fatigue investigations the stress increase due to
geometry of cut-outs has to be considered, (see Table
3.32).

Note :

These notch factors can only be used for girders with multiple
openings if there is no correlation between the different
openings regarding deformations and stresses.

9. Corrosion Allowances

9.1 The scantling requirements of the following
sections imply the following general corrosion additions

t«:

tk = 15mm for t'<10mm.

0.1-t
= + 0.5 mm, max. 3.0 mm.

t =
‘ Vk

for t'>10 mm.

t = Required rule thickness excluding tk in [mm].
k = Material factor according to A.2.2
9.2 For structural elements in specified areas tk

is not to be less than given in Table 3.15:

The requirements for corrosion protection are given in
Section 22.

9.3 For structures in dry spaces such as box

girders of container ships and for similar spaces the
0,1-t'

Jk

corrosion allowance is tkx = max. 2.5 mm.

however, not less than 1.0 mm.

9.4 Corrosion additions for hatch covers and
hatch coamings are to be determined according to
Section 15.

9.5 Corrosion additions for container ships with a
length L of 90 m and greater and operated in
unrestricted service are to be determined according to
Additional Rules for Longitudinal Strength Assessment

of Container Ships.
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Figure 3.10 Notch factor K; for rectangular openings with rounded corners at uniaxial state of stresses (left) and

at multiaxial state of stress (right).
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Figure 3.11 Parameters m and c to determine the notch factors of rectangular openings loaded by superimposed

longitudinal and shear stresses

Table 3.15 Minimum corrosion additions

Area fc in
[(mm]

In ballast tanks where the weather
deck forms the tanktop,1.5 m. below 25
tanktop.(1)
In cargo oil tanks where the weather
deck forms the tanktop, 1.5 m. below 20
tanktop. Horizontal members in cargo
oil and fuel oil tanks.
Deck plating below elastically 3.0
mounted deckhouses

(1) tx = 2.5 mm for all structures within topside tanks of
bulk carriers. With longitudinal bulkheads exposed
to grab operation and assigned to the notation “G”

the corrosion addition tx=2.5 mm.

10. Additional Stresses in Asymmetric Sections

10.1 Additional

Analysis

Stresses for Fatigue Strength

The additional stress on occurring in non-symmetric
sections may be calculated by the following formula:

A S W

C-W, W,
Q = Load on section parallel to its web within the
unsupported span 4 in [KN]
Q = p-a- /[kN]in case of uniformly distributed
load p [kN/m?]
U = Unsupported span of flange [m]
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t;, by, b= Flange dimensions [mm] as shown in Figure

3.12
bl > b2

Wy = Section modulus of section related to the y-y
axis including the effective width of plating
[em?]

W, = Section modulus of the partial section

consisting of flange and half of web area
related to the z-z axis in [cm3] (Bulb sections
may be converted into a similar L-section)

c = Factor depending on kind of load, stiffness of
the section's web and length and kind of

support of the profile.

Table 3.16 Increase factor Ksp

Type of profile Ksp
Flat bars and symmetric T-profiles 1.00
Bulb profiles 1.03
Asymmetric T-profiles b
=205 1.05
by
Rolled angels (L-profiles) 1.15

For profiles clamped at both ends and constant area
load ¢ = 80 can be taken for approximation. A precise
calculation may be required, e.g. for longitudinal frames
of tankers.

This additional stress oy is to be added directly to other
stresses such as those resulting from local and hull
girder bending.

- hw/z —

Figure 3.12 Asymmetrical profile

10.2 Correction of Section Modulus

The required section modulus Wy according to item 1.1 is
to be multiplied with the factor ksp according to Table 3.16.

C. Buckling Assessment
1. General
1.1 The requirements of this section apply to the

buckling assessment of plate panels and longitudinals.
These buckling strength requirements are related to plate
panels and longitudinals subject to hull girder compression
stresses and shear stresses based on design values of still

water and wave bending moments and shear forces.

1.2 The hull buckling strength requirements are
applicable to ships of 90 m or greater length, at 0.4L
amidships. The assessment of hull buckling strength
outside 0.4L amidships and of ships less than 90 m in
length shall be considered as special cases.

1.3 The stiffened plate panels with circular or
oval cut-outs will be considered special cases.

14 The hull buckling strength may be assessed
by direct calculations, e.g. by F.E.M., in which case, TL
shall be provided with documentation outlining the
procedures, input data and results. Such calculations
are to comply with the recommendations and
requirements of Section 4.

2. Symbols and Definitions
2.1 Plates
s = Shorter side of plate panel in [m]

= Longer side of plate panel in [m]

tk = Standard deduction for corrosion in [mm],
(see Table 3.17).

ta = Thickness of plating, stiffener flange and web
used in Table 3.17 calculating standard
deduction tk , in [mm]

TURK LOYDU — HULL —JULY 2016



B,C

Section 3 - Design Principles

3-21

TURK LOYDU — HULL — JULY 2016



3-22

Section 3 - Design Principles C

ta - tk, net thickness, in [mm],of plating

3
Il

K = Givenin Table 3.18

Table 3.17 Standard deduction for corrosion

Number of half waves, given in Table 3.18

Table 3.18 Number of half waves

¢ Limit values
Structure « min-max
[mm]
[mm]
Compartments carrying dry
bulk cargoes 0.05t,
. 05-1
One side exposure to water
ballast and/or liquid cargo (1)
One side exposure to water
ballast and/or liquid cargo (2
) : 9o (2) 0.10 t4 2-3
Two side exposure to water
ballast and/or liquid cargo (1)
Two side exposure to water
- 0.15ta 2-4
ballast and/or liquid cargo (2)

(1) Vertical surfaces and surfaces sloped at an angle

greater than 25° to the horizontal line..

(2) Horizontal surfaces and surfaces sloped at an. angle

less than 25° to the horizontal line

2.2 Longitudinals

= Span, in [m], of longitudinal

S = Spacing of profiles, in [m]

A = Cross- sectional area, in [cmz], of longitudinal,
including plate flange and calculated with

thickness as specified in Table 3.17.

la = Moment of inertia, in [cm4], of longitudinal,
including plate flange and calculated with

thickness as specified in Table 3.17.

Ip = Polar moment of inertia of the stiffener related
to the point O, in [cm“], (see Figure 3.13 and

Table 3.19).

It = St. Venant's moment of inertia of the stiffener,

in [cm?], (see Figure 3.13 and Table 3.19).

K range
*Cl*
" K = ———10°
n El,
1 0O(K < 4
2 4 (K < 36
3 36 ( K <144
4 144 ( K < 400
5 400 ( K < 900
m (m—l)zm2 (K < (m+1)°m?
3
*C:Lm% o,

Ogp

133k h. t* where, k, =1
3 14— P W
1000st,

C is spring stiffness exerted by supporting plate panel.
kp is not to be taken less than zero. For bulb plates,
built up profiles and rolled angles,, kp need not to be
taken less than 0.2.

ogp I8 elastic critical buckling stress (o) of supporting
plate derived from Table 3.20.

for hy, t,and 1, see 2.2, for o,,, See 2.3.

w

hw

tw

by

tr

= Sectorial moment of inertia of the stiffener
related to the point O, in [cme], (see Figure
3.13 and Table 3.19).

= Web height, in [mm], (see Figure 3.13 and
Table 3.19).

= Web thickness, in [mm], considering
standard deductions as specified in Table

3.17, (see Figure 3.13 and Table 3.19).

= Flange width, in [mm], (see Figure 3.13 and
Table 3.19).

= Flange thickness, in [mm], considering
standard deductions as specified in Table
3.17, (see Figure 3.13 and Table 3.19).

= Webarea hy -ty

= Flange area by - t

TURK LOYDU — HULL —JULY 2016



C Section 3 - Design Principles 3-23

2.3 Stress

Oa = The calculated longitudinal compressive
stress in [N/mm?],

Oc = The critical compressive buckling stress in
[N/mm?]
OE = The ideal elastic (Euler) compressive

buckling stress in [N/mm?]

OF = Yield stress of material in [N/mmz]

ta = The calculated shear stress in [N/mm?]

Tc = The critical shear buckling stress in [N/mm?]
TE = The ideal elastic (Euler) shear buckling

stress in [N/mm?]

% = Yield stress in shear of material in [N/mm?]
b J iib
qnp g
1 [t
tw tw tw T
e
M f
| s o
Ttg

e =hy, + tf /2
Figure 3.13 Main

longitudinal stiffeners

dimensions of typical

2.4 Material Properties

E =  Young’s modulus

E = 2.06-10° [N/mm? for steel

E = 0.69-10° [N/mmz] for aluminium alloys
3. Critical Buckling Stress

3.1 Plates

3.1.1  The critical buckling stress in compression o¢
is determined as given Table 3.20.

3.1.2 The critical buckling stress in shear 1c is

determined as given Table 3.21.

Table 3.19 Moments of inertia

Profiles with Bulb or

Profile Flat Bar
Flange
hi"t"" Awh\fv Afef2
Ie 3.10 3.10°  10°

At t,
o [1—0 63LW} 310 {1_0'6%}

3.10° h,
A, t? t,
—1-0,63. -
3.10° [ by

for bulb and angle

profiles:
A, el b[ A +26A,
1210° | A +A,
lw
AS

" for T- profiles

36.10 s

b;.t,.e;

12.10°

3.2 Longitudinals

The critical buckling stress in compression o¢, and the
critical buckling stress in shear 1. are determined as
given Table 3.20 and Table 3.21,respectively.

4. Scantling Criteria
4.1 The critical buckling stress in compression o of

plates panels and longitudinals, as derived Table 3.20

is to satisfy the following:

6, =2fo,
where,
B = 1 for plating and for web plating of longitudinals
B = 1.1 for longitudinals
0a = Calculated bending stress, (see Table 3.24).
4.2 The critical buckling stress in shear 1. of plates

panels, as derived Table 3.21 is to satisfy the following:

T. 2T,

where,
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Ta = Calculated shear stress, (see Table 3.25).

Table 3.20 The critical compressive buckling stress

Table 3.23 The Euler compressive buckling stress
for longitudinals, in [N/mm?]

Oc
5 Cases
[N/mm?]
e (1) o< F
(¢
ol l-— o
F[ 4(5E} @) GE>7F

For the column buckling mode(perpendicular to
plane of plating) without rotation of the cross
section, see Notes land 3.

oz =0.001E

a
2

(1) o iscalculated according to Table 3.22(for plates)
ot is calculated according to Table 3.23(for
longitudinals)

(2)  ormay be taken as 235 N/mm? for mild steel. It shall
not be taken less than the limit to the yield point of
materials.

For torsional buckling, see Note 3.

n K |
or =—— Elm[m2+—2}+0.385E s
107 1,1 m I

For web and flange buckling, see Note 2 and 3.

Table 3.21 The critical shear buckling stress

2
t
o = 3.8E(—Wj
hW
Note:

1) A plate flange equal to the frame spacing may be
included.

2) For flanges on angles and t-sections of longitudinals,
buckling is taken care of by the following requirement:

by <15 where, by = flange width for angles

t; b; = half the width for T-section

3)  All symbols as defined in C2.

e 2 Cases
[N/mm?]
9
Te (1) <5
Tk O
__F 1) 2F
TF‘:]. 4’CE:| @) e) 2\/5
09E .| 534 4
(1) T :W x +|7 for plates.
2 T= O for o see Table 3.20
== Of LU,
F \/g F

Table 3.24a Calculated bending stress, in [N/mm?]

Table 3.22 The Euler compressive buckling stress
for plating, in [N/mm?]

M. +M
c, :uelo5
In
6, = min 30
.= >
k

For plating with longitudinal stiffeners
(parallel to compressive stress)

o 36EM]
= 10° s

Table 3.24b Variables used for calculating bending

stress oa

For plating with transverse stiffeners
(perpendicular to compressive stress)

0.9 SYITT
o2 (2]
10 | S
where,

¢ =1.30 when the plating is supported by floors or
deep girders

¢ = 1.21 when stiffeners are angles or T-sections

¢ = 1.10 when stiffeners are bulb bars

¢ = 1.05 when stiffeners are flat bars

Ms = Still water bending moment [KN.m] as in Section

6 (1).

My = wave bending moment [KN.m] as in Section 6
2).

Iln = moment of inertia, in [cm4], of the hull girder

e = vertical distance, in [m], from neutral axis to

considered point
k = 1.0 for ordinary hull structural steel
< 1.0 for higher tensile steel according to Table
3.1in22

(1) M and M,, are to be taken as sagging or hogging
bending moments, respectively, for members above or
below the neutral axis. Where the ship is always in
hogging condition in still water, the sagging bending
moment (M +M,,) is to be specially considered.
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Table 3.25 Calculated shear stress, in [N/mmz]

Ships without effective longitudinal bulkheads

for side shell
_500,+Qu s

a N/mm’
t I

Ships with two effective longitudinal Bulkheads
for side shell

/mm?

. _100/05-0)(Qs+Qu) +AQq| S
a t T

for longitudinal bulkheads

100  + +A
T, = |(P(Q5 ?W) le' .%N/mm2

where,
Qs = Still water shear forces
Qw = The wave shear forces,

AQsp = Shear force acting upon the side shell plating

AQp = Shear force acting upon the longitudinal
bulkhead plating

t = The thickness of side shell

S = First moment in cm®, about the neutral axis, of
the area of the effective longitudinal members
between the vertical level at which the shear
stress is being determined and the vertical
extremity of effective longitudinal members,
taken at the section under consideration

¢ = Ratio of shear force shared by the longitudinal
bulkhead to the total shear force, (see Section
6).

| = Moment of inertia in cm* about the horizontal

neutral axis at the section under consideration

D. Fatigue Assessment
1. General
1.1 This section provides requirements, rules

and recommendations pertaining to the assessment of
the fatigue strength of structural details which are

predominantly subjected to cyclic loads

1.2 The aim of fatigue design is to ensure that the
structure has an adequate fatigue life. The calculated

fatigue life also forms the basis for an efficient

inspection program during fabrication and during the
operational life of the structure.

1.3 The fatigue strength assessment is to be
carried out either on the basis of a permissible peak
stress range for standard stress spectra (see 5.2.1) or
on the basis of a cumulative damage ratio (see 5.2.2).

14 The notched details i.e. the welded joints as
well as notches at free plate edges are to be considered
individually.

15 The rules are applicable to structures made of
ordinary and higher-tensile hull structural steels
according to Section A.2 as well as aluminium alloys
Section A.4. Other materials such as cast steel can be
treated in an analogous manner by using appropriate
design "S-N" curves.

2. Definitions

A —

Omin jee—
Y

/ time

Figure 3.14 Dynamic load cycle

Ao = Applied stress range (Omax- Omin) iN [N/mmz],
(see Figure 3.14).

Omax = Maximum upper stress of a stress cycle in
[N/mm?]

Omn = Maximum lower stress of a stress cycle in
[N/mm?]

Om = Mean stress (Omax/2 + Omin /2) in [N/mm?]

Aomax = Applied peak stress range within a stress

range spectrum in [N/mmz]

Aop, = Permissible stress range in [N/mmz]
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At = Corresponding range for shear stress in
[N/mm?]

n = Number of applied stress cycles

N = Number of endured stress cycles according to

"S-N" curve ( = endured stress cycles under
constant amplitude loading)

Aor = Fatigue strength reference value of "S-N"
curve at 2 - 10° cycles of stress range in
[N/mmz] (= detail category number according
to Table 3.32)

cfm = Correction factor for material effect

cfr = Correction factor for mean stress effect

cfw = Correction factor for weld shape effect

cfi = Correction factor for importance of structural
element

cfs = Additional correction factor for structural

stress analysis

fa = Factor considering stress spectrum and
number of cycles for calculation of
permissible stress range

Aorc = Corrected fatigue strength reference value of
"S-N" curve at 2 - 10° stress cycles in [N/mmz]

D = Cumulative damage ratio.
3. Scope
3.1 The requirements of this section apply to

fatigue cycles induced by wave loads. Fatigue induced
by vibrations, low cycle loads, transient loads such as
thermal loads, or impact loads such as slamming, bow
flare impacts and sloshing in partly filled tanks, is out of
the scope of this section.

3.2 Low cycle fatigue problems in connection with
extensive cyclic yielding have to be specially
considered. When applying the following rules, the
calculated nominal stress range should not exceed 1.5
times the minimum nominal upper yield point. In special

cases the fatigue strength analysis may be performed
by considering the local elasto-plastic stresses.

3.3 No fatigue strength analysis is required if the
peak stress range due to dynamic loads in the seaway
(stress spectrum A according to 3.4) and/or due to
changing draught or loading conditions, respectively,
fulfils the following conditions:

- Peak stress range only due to seaway-induced
dynamic loads:

AOmax < 2.5 Aor

- Sum of the peak stress ranges due to seaway
induced dynamic loads and due to changes of
draught or loading condition, respectively:

AOmax < 4.0 Aor.

For welded structures of detail category 80 or higher a
fatigue strength analysis is required only in case of
extraordinary high dynamic stresses.

3.4 The stress ranges Ac which are to be
expected during the service life of the ship or structural
component, respectively, may be described by a stress
range spectrum (long-term distribution of stress range).
Figure 3.15 shows three standard stress range spectra
A, B and C, which differ from each other in regard to the
distribution of stress range Ac as a function of the

number of load cycles.

In case of only seaway-induced stresses, for a design
life time of about 20 years normally the stress range
spectrum A is to be assumed with a number of cycles
Nmax = 5 - 10°. For design life time of 30 years the

number of cycles Nmax = 7.5 - 10 is to be assumed.

The maximum and minimum stresses result from the
maximum and minimum relevant seaway-induced load
effects. The different load-effects for the calculation of
Aocmax are, in general, to be superimposed conservatively.
Table 3.26 shows examples for the individual loads which
have to be considered in normal cases.

Under extreme seaway conditions stress ranges
exceeding Aomax occur (see Section 6, D.1). These
stress ranges, which n<10* can be neglected
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regarding the fatigue life, when the stress ranges Acmax
derived from loads according to Table 3.26 are
assigned to the spectrum A.

For ships of unconventional hull shape and for ships for
which a special mission profile applies, a stress range
spectrum deviating from spectrum A may be applied
which may be evaluated by the spectral method.

Other significant fluctuating stresses, e.g. in longitudinals
due to deflections of supporting transverse members in
longitudinal and transverse structures of ships with large
deck openings (see Section 6) as well as additional
stresses due to the application of asymmetrical sections,
have to be considered (see B.10).

0

log 1 log n oy

log n———=

A :  Straight-line spectrum (typical stress range
spectrum of seaway-induced stress ranges)

B : Parabolic spectrum (approximated normal
distribution of stress range Ac)

C : Rectangular spectrum (constant stress range
within the whole spectrum; typical spectrum

of engine-or propeller-excited stress ranges).

Figure 3.15 Standard stress range spectra A, B and C

3.5 Additional stress cycles resulting from
changing mean stresses, e.g. due to, changing loading
conditions or draught, need generally not be considered
as long as the seaway-induced stress ranges are
determined for the loading condition being most critical
with respect to fatigue strength and the maximum
change in mean stress is less than the maximum

seaway-induced stress range.

Larger changes in mean stress are to be included in the
stress range spectrum by superposing the largest stress
ranges conservatively (e.g. in accordance with the

C 1,0

“rainflow counting method"). If nothing else is specified,
10° load cycles have to be assumed for changes in
loading condition or draught.

3.6 The fatigue strength analysis is, depending
on the detail considered, based on one of the following
types of stress:

- For notches of free plate edges the notch stress
ok, determined for linear-elastic material
behavior, is relevant, which can normally be
calculated from a nominal stress o, and a
theoretical stress concentration factor K.

Values for K; are given in Figure 3.9 and Figure
3.10 for different types of cut-outs. The fatigue
strength is determined by the detail category (or
Aog) according to Table 3.32, type E2 and E3.

- For welded joints the fatigue strength analysis is
normally based on the nominal stress o, at the
structural detail considered and on an
appropriate detail classification as given in Table
3.32, which defines the detail category (or Aog).

- For those welded joints, for which the detail
classification is not possible or additional
stresses occur, which are not or not adequately
considered by the detail classification, the fatigue
strength analysis may be performed on the basis
of the structural stress os in accordance with
subsection 7.

4. Quality Assurance

Weld quality assurance is based on adequate
organization of work flow in fabrication, destructive and
non-destructive inspection of materials and welds, and
the individual acceptance levels for the different types of

weld imperfections.

4.1 The detail classification of the different
welded joints as given in Table 3.32 is based on the
assumption that the fabrication of the structural detail or
welded joint, respectively, corresponds in regard to
external defects, at least to quality group B according to
ISO 5817 and in regard to internal defects, at least to
quality group C. Further information about the
tolerances can also be found in the relevant Standards;
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e.g. ISO 10042 may be used for aluminium.

4.2 Relevant information has to be included in
the manufacturing document for fabrication. If it is not
possible to comply with the tolerances given in the
standards, this has to be accounted for when designing
the structural details or welded joints, respectively. In
special cases an improved manufacture as stated in 4.1
may be required, e.g. stricter tolerances or improved
weld shapes, (see 6.2.4).

4.3 The following stress increase factors kny for
considering significant influence of axial and angular
misalignment are already included in the fatigue
strength reference values Acg (Table 3.32):

Km = 1.15 butt welds (corresponding type Al, A2,
All)

= 1.30 butt welds (corresponding type A3 + A10)

= 1.45 cruciform joints (corresponding type D1 +
D5)

=125 fillet welds on one plate surface
(corresponding type C7, C8)

Other additional stresses have to be considered
separately.

5. Fatigue Strength Analysis for Free Plate
Edges and for Welded Joints Using Detail
Classification

5.1 General

5.11 Corresponding to their notch effect, welded
joints are normally classified into detail categories
considering particulars in geometry and fabrication,
including subsequent quality control, and definition of
nominal stress. Table 3.32 shows the detail
classification based on recommendations of the
International Institute of Welding (IIW) giving the detail

category number (or AGR).

In Table 3.33 Aor - values for steel are given for some
intersections of longitudinal frames of different shape

and webs, which can be used for the assessment of the

longitudinal stresses.

It has to be noted that some influence parameters
cannot be considered by the detail classification and
that a large scatter of fatigue strength has therefore to
be reckoned with.

5.1.2 Details which are not contained in Table 3.32
may be classified either on the basis of local stresses in
accordance with C. or, else, by reference to published
experimental work or by carrying out special fatigue
tests, assuming a sufficiently high confidence level (see
6.1) and taking into account the correction factors as
givenin 7.2.2.

5.1.3 Regarding the definition of nominal stress, the
arrows in Table 3.32 indicate the location and direction of
the stress for which the stress range is to be calculated.
The potential crack location is also shown in Table 3.32.
Depending on this crack location, the nominal stress range
has to be determined by using either the cross sectional
area of the parent metal or the weld throat thickness,
respectively. Bending stresses in plate and shell structures
have to be incorporated into the nominal stress, taking the
nominal bending stress acting at the location of crack
initiation.

The factor Ks for the stress increase at transverse butt
welds between plates of different thickness (see type
A5 in Table 3.32) can be estimated in a first
approximation as follows:

larger plate thickness

" smaller plate thickness

Additional stress concentrations which are not
characteristic of the detail category itself, e.g. due to
cut-outs in the neighborhood of the detail, have also to

be incorporated into the nominal stress.

5.14 In the case of combined normal and shear
stress the relevant stress range is to be taken as the
range of the principal stress at the potential crack
location which acts approximately perpendicular (within
+45°) to the crack front as shown in Table 3.32 as long
as it is larger than the individual stress components.

5.1.5 Where solely shear stresses are acting the
largest principal stress o1 = t may be used in
combination with the relevant detail category.
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Table 3.26 Maximum and minimum loads for seaway induced cyclic loads

Load

Maximum load

Minimum load

Vertical longitudinal bending moments
(Section 6) (1)

Msw +Mst + fp - Mwvhog

Msw +Mst + fp - Mwvsag

Vertical longitudinal bending moments
and horizontal wave bending moments (1)
(Section 6)

Msw +Mst + fp - (0.6 Mwvhog + MwH)

Msw +Mst + fp - (0.6 Mwvsag - Mw)

Vertical longitudinal bending moments,
horizontal wave bending moments and

fe - {Msw + Mgt + fp [(043+C) .

Mwvhog + Mwh + Mwrl}

fr - {Msw + Msr + fp [(0.43+C(0.5-C))
) MWVhog + C(O-43+C)'MWVsag - MWH -

torsional moments (Section 6.) (1) Mwrt]}
X 2
C=|+--05
L

Loads on weather decks (2)
(Section 5, D.4) Pwo 0
Load on ship's sides (2) (4)
-Below T Ps + Pws Ps-Pws but> 0
- Above T Pws 0
(Section 5, C.2and D.2.)
Load on ship's bottom (2) (4)

. Ps + Pwe Ps + Pwe
(Section 5, C.2 and D.3)
Liquid pressure in completely filled tanks
(Section 5, C.3and D.8.1) (4) Pst + Popr Pst + Ppr but 2100 py
Loads due to cargo (Section 5, C.4 and

Psc + Poc Psc + Poc

D.6)
Loads due to friction forces (3)

) Pn - Ph
(Section 17, C.5.2.8)
Loads due to rudder forces (3) Cr -Cr
(Section 14, B) Qr -Qr

Maximum and minimum load are to be so determined that the largest applied stress range Ac as per Figure 3.14 at

for strength assessments corresponding to the probability level of 108
for strength assessments corresponding to the probability level of 10

for stiffeners if no other cyclic load components are considered

In general the largest load is to be taken in connection with the load spectrum B without considering further cyclic loads.

)
conservative mean stress is obtained having due regard to the sign (plus, minus).
2) fo= Coefficient corresponding to the probability level, taken equal to:
=10
=05
=10
fe = Weighting factor for the simultaneousness of global and local loads.
©)
“4)

Assumption of conservative super positioning for the shell structure: Where appropriate, proof is to be furnished for T ;.
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5.2 Permissible Stress Range for Standard
Stress Range Spectra or Calculation of the
Cumulative Damage Ratio

5.2.1 For standard stress range spectra according
to Figure 3.14, the permissible peak stress range can
be calculated as follows:

Ao-p:fn'Ao-Rc
ACRc = Detail category or fatigue strength

reference value, respectively, corrected
according to 6.2

=}
I

Factor as given in Table 3.27.

The peak stress range of the spectrum must not exceed
the permissible value, i.e.

AOmax < Aop

5.2.2 If the fatigue strength analysis is based on the
calculation of the cumulative damage ratio, the stress
range spectrum expected during the envisaged service
life is to be established (see 3.4) and the cumulative
damage ratio D is to be calculated as follows:

D:i (n/N;)

| = Total number of blocks of the stress range
spectrum for summation (normally | > 20)

N = Number of stress cycles in block i

Ni = Number of endured stress cycles determined
from the corrected design "S-N" curve (see
6). taking Ao = Ao;

Ao; = Stressrange of block i

To achieve an acceptable high fatigue life, the

cumulative damage sum should not exceed D = 1.

If the expected stress range spectrum can be super-
imposed by two or more standard stress spectra
according to 3.4, the partial damage ratios D; due to the
individual stress range spectra can be derived from

Table 3.27. In this case a linear relationship between
number of load cycles and cumulative damage ratio
may be assumed. The numbers of load cycles given in
Table 3.27 apply for a cumulative damage ratio of D=1.

6. Design "S-N" Curves
6.1 General
6.1.1 The capacity of welded steel joints with

respect to the fatigue strength is characterized by S-N
curves which give the relationship between the stress
range applied to a given detail and the number of
constant amplitude load cycles to failure. These S-N
curves are applicable to steels with minimum yield
strength less than 400 N/mm?. For steels with higher
yield strength, data obtained from an approved test
program is to be used.

The design S-N curves for the calculation of the
cumulative damage ratio according to 5.2.2 are shown
in Figure 3.16 for welded joints at steel and in Figure
3.17 for notches at plate edges of steel plates. For
aluminium alloys (Al) corresponding S-N curves apply
with reduced detail categories Aor acc. to Table 3.32.
The S-N curves represent the lower limit of the scatter
band of 95% of all test result available (corresponding to
97.5% survival probability) considering further

detrimental effects in large structures.

To account for different influence factors, the design “S-
N” curves have to be corrected according to 6.2.

6.1.2 The “S-N" curves represent section wise

linear relationships between log (Ac) and log (N):

log(N)=7.0+m-Q

Q = log (Aogr/ Ao) - 0.69897/mg

m = Slope exponent of "S-N" curve, (see 6.1.3
and 6.1.4).

mo = Inverse slope intherange N<1 - 10’

Mo = 3 for welded joints

Mo = 3.5 =5 for free plate edges (see Figure 3.17).
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Table 3.27 Factor f, for the determination of the permissible stress range for standard stress range spectra

Welded joints Plates edges
Stress (mo=3) Type E1 (mg =5) Type E2 (mo=4) Type E3 (mo = 3.5)
range Nmax= Nmax = Nmax = Nmax =
spectrum| 10° | 10° | 510" | 10® [10°|10°| 510" | 120® | 10°® | 10° | 510" | 10° 10®° | 10° | 510" | 10°
(10.3)
A (17.2)| 3.53 | 3.02 (8.1)| 3.63 | 3.32 9.2)| 3.68 | 3.28 (12.2)| 3.65 | 3.19
2
6.6
B (9.2) | 1.67 | 1.43 |(9.5)[5.0| 1.95 | 1.78 [(11.2)| 59 | 1.86 | 1.65 1.78 | 1.55
7.5 (2)
0.424 | 0.369 0.606 | 0.561 0.532 | 0.482 0.483 | 0.430
c (12.6)| 2.71 | 0.543 | 0.526 [4.57|1.82| 0.673 [0.653| (5.2) | 2.11 | 0.621 | 0.602 | (8.8) | 2.35 | 0.587 | 0.569
(1) (1) 1 [ @ (1) (1) (1) (1)

For definition of type E1 to type E3 see Table 3.32

For definition of mo see 6.1.2

The values given in parentheses may be applied for interpolation.

For interpolation between any pair of values (Npay: ; far) @and (Nnaxz ; o), the following formula may be applied in the case of stress
spectrum A or B:

log f, =logf,; +log (n max/N

For the stress spectrum C intermediate values may be calculated according to 6.1.2 by taking N = n.,. and f, = 4o /Aog.

(1) f,for non-corrosive environment, see also 6.1.4.
(2) for Adog= 100 [N/mm?]

The S-N curve for detail category 160 forms the upper "O" in Figure 3.16 and 3.16 can be used, thus:

limit also for S-N curves of free edges of steel plates m=mg for N<10’ Q<0

with detail categories 100-140 in the range of low stress

cycles, (see Figure 3.17). m =22 for N > 10’ (Q=>0).

The same applies accordingly to detail categories 71 or 6.2 Correction of the reference value of the
80 of aluminum alloys, (see type E1 in Table 3.32). design "S-N" curve

6.1.3 For structures subjected to variable stress 6.2.1 A correction of the reference value of the "S-N"
ranges, the “S-N" curves shown by the solid lines in curve (or detail category) is required to account for
Figure 3.16 and Figure 3.17 have to be applied ("S-N" additional influence factors on fatigue strength as follows:

curves of type "M"), i.e.

AOgc = ¢fy - cfr - cfy - cfi - AoR

m =mo for N <10’ (Q<0)

cfm, cfr, cfw, cfi defined in 6.2.2 - 6.2.5.
m=2-mp-1  for N> 10’ (Q>0).

For the description of the corrected design "S-N" curve,
6.14 For stress ranges of constant magnitude the formulae given in 6.1.2 may be used by replacing
(stress range spectrum C) in non-corrosive Aor by Aokc.

environment from N =1-10" the "S-N" curves of type
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Figure 3.17 “S-N” curves for notches at plate edge of steel plate

6.2.2

Material effect (cfm)

The correction factor is calculated according Table 3.28

6.2.3 Effect of mean stress (cfgr)

The correction factor is calculated according Table 3.29

Table 3.28 Material effect (cfm)

Cfm Material
1.0 For welded joints
*
Ry —235
W For free edges of steel plates
1.0 For aluminum alloys

*Ren Minimum nominal upper yield point of the steel [N/mm?].

6.2.4 Effect of weld shape (cfw)

In normal cases:

cfy=1.0

A factor cfy > 1.0 applies for welds treated e.g. by
grinding. By grinding, the surface defects such as slag
inclusions, porosity and crack-like undercuts shall be
removed and a smooth transition from the weld to the
base material shall be achieved. Final grinding shall be
performed transversely to the weld direction. The depth
should be approx. 0.5 mm. larger than that of visible
undercuts. For ground weld toes of fillet and K-butt
welds machined by
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Table 3.29. Effect of mean stress (cfgr)

cfr Range

1.0 tensile pulsating stresses

. AG
O 2
2

alternating stresses

1c*1 20n
+ - A
Ao O max

max

A
<op < ® max
2 2

compressive pulsating stresses
1+2c P pulsating

Ac

max

m=9

*c=0 | for welded joints subjected to constant stress
cycles (stress range spectrum C)

for welded joints subjected to variable stress
=0.15 | cycles (corresponding to stress range spectrum A

or B)

=03 for free plate edges

- Disc grinder: cfw = 1.15

- Burr grinder: cfw = 1.30

For butt welds ground flush the corresponding detail
category has to be chosen, e.g. type Al, A10 or A12 in
Table 3.32.

For endings of stiffeners or brackets, e.g. type C4 or C6
in Table 3.32, which have a full penetration weld and
are completely ground flush to achieve a notch-free

transition, the following factor applies:

cfh=1.4

The assessment of a local post-weld treatment of the
weld surface and the weld toe by other methods, e.g.
ultrasonic impact treatment has to be agreed on in each

case.

6.2.5 Influence of importance of structural
element (cfi)

In general the following applies:

cfi=1.0

For secondary structural elements failure of which may
cause failure of larger structural areas, the correction
factor cfi is to be taken as:

cfi=0.9
For notches at plate edges in general the following
correction factor is to be taken which takes into account
the radius of rounding.

cfi=0.9+5/r<1.0.

r = Notch radius in [mm]; for elliptical rounding,
the mean value of the two main half axes may
be taken.

6.2.6 Plate thickness effect

6.2.6.1 In order to account for the plate thickness
effect, application of the reduction factor cf; is required
by TL for butt welds oriented transversely to the

direction of applied stress for plate thicknesses t > 25

mm.
n
cf, =[25j
teﬁ
where,
n :  The thickness correction exponent (see
Table 3.30).

tett . The effective thickness, (see Table 3.31).

6.2.6.2 The plate thickness correction factor is not
required in the case of assessment based on effective
notch stress procedure or fracture mechanics.

6.2.6.3 The same rules as for steel are

recommended for aluminium plates.

6.2.6.4 For all other weld connections consideration
of the thickness effect may be required subject to

agreement with TL.
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Table 3.30 Thickness correction exponents

Joint category Condition n

Cruciform joints, transverse T-
joints, plates with transverse

as-welded | 0,3
attachments,

ends of longitudinal stiffeners

Cruciform joints, transverse T-
joints, plates with transverse toe 02
attachments, ground ’

Ends of longitudinal stiffeners

Transverse butt welds as-welded | 0,2

Butt welds ground flush, base
material, longitudinal welds or any 0,1

attachments to plate edges

Table 3.31 The effective thickness

teff Cases

t Li/t>2

tef = 0.5 Lt oOr tef =t

_ _ Lr/t<2
whichever is the larger

L. L, Lt : Toe distance
A D A P

S I >

r

7. Structural Hot Spot Stresses
7.1 General
7.1.1 Alternatively to the procedure described in the

preceding paragraphs, the fatigue strength analysis for
welded joints may be performed on the basis of local
stresses.

7.1.2 The structural or geometric stress os at the
Hot Spot includes all stress raising effects of a structural
detail excluding that due to the local weld profile itself.
For common plate and shell structures in ships the
assessment based on the structural Hot Spot Stress is

normally sufficient.

7.1.3 The structural stress is defined as the stress

being extrapolated to the weld toe excluding the local
stress concentration in the local vicinity of the weld, (see
Figure 3.18).

7.2 Determination of Structural Hot Spot Stress

The structural Hot Spot Stress can be determined either
by measurement or by calculation e.g. by the finite
element method using shell or volumetric models under
the assumption of linear stress distribution over the
plate thickness.

The requirements regarding the calculation and
measurement of Hot Spot Stress are given in 7.3.

Normally, the stress is extrapolated linearly to the weld
toe over two reference points which are located 0.5 and
1.5 x plate thickness away from the weld toe. In some
cases the structural stress can be calculated from the
nominal stress 0, and a structural stress concentration
factor Ks, which has been derived from parametric
investigations using the methods mentioned. Parametric
equations should be used with due consideration of
their inherent limitations and accuracy.

compuited / reference

total stress ;
points

/ stress on surface

structural stress

Figure 3.18 Structural stress

7.2.1 For the fatigue strength analysis based on
structural stress, the “S-N” curves shown in Figure 3.16

apply with the following reference values:

Aogr = 100 (resp. 36 for Al)
for the butt welds types A1-A6 and for K-butt
welds with fillet welded ends, e.g. type D1 in
Table 3.32, and for fillet welds which carry no
load or only part of the load of the attached
plate, e.g. type C1-C9 in Table 3.32
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Aor = 90 (resp. 32 for Al)
for fillet welds, which carry the total load of the
attached plate, e.g. types D2 in Table 3.32.

In special cases, where e.g. the structural stresses are
obtained by non-linear extrapolation to the weld toe and
where they contain a high bending portion, increased
reference values of up to 15 % can be allowed.

7.2.2 The reference value Aogc of the corrected "S-
N" curve is to be determined according to 6.2, taking
into account the following additional correction factor
which describes further influencing parameters not
included in the calculation model such as e.qg.

misalignment:

1

A
Ky = (ki 1)

AGs,max

Aosmax = Applied peak stress range within a stress
range spectrum

Aosp = Bending portion of A0s max
Km =kmn-0.05
Km = Stress increase factor due to misalignments

under axial loading, at least ki, acc. 4.3.

The permissible stress range or cumulative damage ratio,
respectively, has to be determined according to 5.2.

7.2.3 In addition to the assessment of the structural
stress at the weld toe, the fatigue strength with regard to
root failure has to be considered by analogous
application of the respective detail category, e.g. type
D3 of Table 3.32. In this case the relevant stress is the
stress in the weld cross section caused by the axial
stress in the plate perpendicular to the weld. It is to be
converted at a ratio of t/2a.

7.3 Measurement of Structural Hot Spot Stress
The recommendations and requirements regarding the

measurement of Hot Spot Stress provided in this
section does not apply to tubular joints. Such

measurements shall be considered and accepted by TL
on their own merit.

7.3.1  The recommended placement and number of
strain gauges depends on the extent of shell bending
stresses, the wall thickness and the type of structural
stress.

7.3.2 The center point of the first gauge, whose
gauge length should not exceed 0.2 t, is located at a
distance of 0.4 t from the weld toe. If this is not possible
for example due to a small plate thickness, the leading
edge of the gauge should be placed at a distance of 0.3
t from the weld toe. The following extrapolation
procedure and number of gauges are recommended by
TL (Figure 3.19)

L ost— [ M ot
Vet
I

Figure 3.19 Strain gauges in plate structures
7.3.2.1  For weld toe on plate surface

a) Two gauges at reference points 0.4 t and 1.0 t
and linear extrapolation:

g, =0.67(2.5¢, , —¢,)

b) Three gauges at reference points 0.4 t, 0.9 t and
1.4 t, and quadratic extrapolation. This method is
particularly suitable for cases of pronounced non-linear

structural stress increase towards the Hot Spot,
e =0.72(3.560 4 ~3.11260 o + 21 )

Precise positioning is not necessary if multi-grid strip
gauges are used, since the results can be used to plot
the stress distribution approaching the weld toe. The
stresses at the required positions can then be read from
the fitted curve.
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7.3.2.2  For weld toe at plate edge;

Three gauges are attached to the plate edge at
reference points 4, 8 and 12 mm distant from the weld
toe. The Hot Spot Strain is determined by quadratic
extrapolation to the weld toe:

_ 1 )
&y = 3(84mm —€gmm T 3 €12mm

7.3.3 If the stress state is close to uniaxial, the
approximation to the structural Hot Spot Stress is
obtained approximately from fallowing eqn.

o, =Eg,
For biaxial stress states, the actual stress may be up to

10% higher than that obtained from above eqn.. In this
case, use of rosette strain gauges is recommended. If

the ratio of longitudinal to transversal strains;

is available, for example from FEA, the structural Hot
Spot Stress on can then be resolved from below eqgn.,
assuming that this principal stress is approximately
perpendicular to the weld toe.

€
1+v—~

c, = Eeg, >
1-v

The above equations also apply if strain ranges are
measured, producing the range of structural Hot Spot

Stress Aop.
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Table 3.32 Catalogue of details

A. Butt welds, transverse loaded

Type

Joint configuration showing mode

Detail category

No. of fatigue cracking and stress o Description of joint Acr
considered Steel Al
AL -— { ' l —» | Transverse butt weld grou.nd flush-to plate, 112 45
100% NDT (Non-Destructive Testing)
Transverse butt weld made in the shop in flat
A2 < k r 1 —> position, max. weld reinforcement 1 mm + 0.1 x 90 36
weld width, smooth transitions, NDT
Transverse butt weld not satisfying conditions for
A3 - | , | — | jointtype No.A2, NDT
Al:  Butt weld with toe angle <50° 80 32
25
Transverse butt weld on backing strip or three-plate 71 25
- l—-&,# g connection with unloaded branch
A4
- —>
%_J Butt weld, welded on ceramic backing, root crack 80 28
Transverse butt welds between plates of different
widths or thickness, NDT
as for joint type No.A2, slope 1: 5 90 32
: as for joint type No.A2, slope 1: 3 80 28
- { — as for joint type No.A2, slope 1: 2 71 25
as for joint type No.A3, slope 1: 5 80 25
A5 4_;7_x/_*4" as for joint type No.A3, slope 1: 3 71 22
as for joint type No.A3, slope 1: 2 63 20
<—|—_f—4—>
For the third sketched case the slope results from
the ratio of the difference in plate thicknesses to the
breadth of the welded seam.
Additional bending stress due to thickness change
to be considered, see also D.5.1.3.
Transverse butt welds welded from one side
without backing bar, full penetration
A6 - { ' 1 S root controlled by NDT 71 28
not NDT 36 12
For tubular profiles Aor may be lifted to the next
higher detail category.
Partial penetration butt weld; the stress is to be
A7 < ( I l N related to the weld throat sectional area, weld 36 12
overfill not to be taken into account.
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Table 3.32 Catalogue of details (continued)

A. Butt welds, transverse loaded
- Joint configuration showing mode Detail category
e
I\)l/p of fatigue cracking and stress o Description of joint Aor
0.
considered Steel Al
Full penetration butt weld at crossing flanges
A8 = = 50 18
Welded from both sides.
Full penetration butt weld at crossing flanges
Welded from both sides
A9 Cutting edges in the quality according to type E2 or 63 7
E3
F
Connection length w =2 2b O nominal = ;
Full penetration butt weld at crossing flanges
Welded from both sides, NDT, weld ends ground,
butt weld ground flush to surface
wo |~ P
E Cutting edges in the quality according to type E2 80 32
or E3 with Aor = 125
F
Connection length w 2 2b  %nominal = ;
Full penetration butt weld at crossing flanges
welded from both sides made in shop at flat
position, radius transition with R = b
All Weld reinforcement < 1 mm + 0.1 x weld width, 90 36
smooth transitions, NDT, weld ends ground
Cutting edges in the quality according to type E2
or E3 with Acr = 125
Full penetration butt weld at crossing flanges,
radius transition with R=b
edges broken
or rounded xS
Welded from both sides, no misalignment, 100 %
Al2 - o Ib NDT, weld ends ground, butt weld ground flush to
— 100 40
surface
Cutting edges broken or rounded according to type
E2
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Table 3.32 Catalogue of details (continued)

B. Longitudinal load-carrying weld

Joint configuration showing mode

Detail category

Type
l\)llp of fatigue cracking and stress o Description of joint Aok
0.
considered Steel Al
Longitudinal butt welds
both sides ground flush parallel to load direction 125 50
B1
without start/stop positions, NDT 125 50
with start/stop positions 90 36
Continuous automatic longitudinal fully
B2 penetrated K-butt without stop/start positions 125 50
(based on stress range in flange adjacent to weld)
B3 Continuous automatic longitudinal fillet weld
penetrated K-butt weld without stop/start positions 100 40
(based on stress range in flange adjacent to weld)
Continuous manual longitudinal fillet or butt weld
B4 i ) 90 36
(based on stress range in flange adjacent to weld)
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Table 3.32 Catalogue of details (continued)

Joint configuration showing mode

Detail category

Type
’\)l/p of fatigue cracking and stress o Description of joint Aor
0.
considered Steel Al
Intermittent longitudinal fillet weld (based on stress
range in flange at weld ends)
In presence of shear t in the web, the detail
category has to be reduced by the factor (1 — At/
Ag), but not below 36 (steel) or 14 (Al).
/o= 0 80 32
B5
0.0-0.2 71 28
0.2-0.3 63 25
03-04 56 22
0.4-05 50 20
05-0.6 45 18
0.6-0.7 40 16
>0.7 36 14
Longitudinal butt weld, fillet weld or intermittent fillet
weld with cut outs (based on stress range in flange
at weld ends)
If cut out is higher than 40 % of web height
In presence of shear t in the web, the detail
category has to be reduced by the factor (1 — At /
Ao), but not below 36 (steel) or 14 (Al).
B6
/o= 0
71 28
0.0-0.2
63 25
0.2-0.3
56 22
0.3-04
50 20
0.4-05
45 18
05-0.6
40 16
> 0.6
36 14
Note
For Q-shaped scallops, an assessment based on
local stresses in recommended.
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Table 3.32 Catalogue of details (continued)

C. Non-load-carrying attachments

Joint configuration showing mode

Detail category

T:llsle of fatigue cracking and stress o Description of joint Aor
considered Steel Al
Longitudinal gusset welded on beam flange, bulb or
plate:
£<50 mm 80 28
1 50 mm < £ < 150 mm 71 25
(t2) 150 mm < £ < 300 mm 63 20
- 3311131113300 e ¢> 300 mm 56 18
c1 (t)
%ﬂ For t, < 0.5 t;, Aor may be increased by one
category, but not over 80 (steel) or 28 (Al); not valid
for bulb profiles.
When welding close to edges of plates or profiles
(distance less than 10 mm) and/or the structural
element is subjected to bending, Aogr is to be
decreased by one category.
Gusset with smooth transition (sniped end or
radius) welded on beam flange, bulb or plate; ¢ < 2
t2, max. 25 mm
Z\M r205h 71 25
L I Y r<05h ore<20° 63 20
o qlu“mmH—_\.pT @>20°  seejoint type C1
|1 |
J For t, < 0.5 t1, Aor may be increased by one
category; not valid for bulb profiles.
When welding close to the edges of plates or
profiles (distance less than 10 mm), Aok is to be
decreased by one category.
Fillet welded non-load-carrying lap joint welded to
longitudinally stressed component.
— flat bar 56 20
— to bulb section 56 20
c3 — to angle section 50 18
— / For £ > 150 mm, Aor has to be decreased by one
r— f—>
category, while for £ < 50 mm, Aor may be
increased by one category.
If the component is subjected to bending, Acr has
to be reduced by one category.
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Table 3.32 Catalogue of details (continued)

C. Non-load-carrying attachments

Joint configuration showing mode

Detail category

T:llsle of fatigue cracking and stress o Description of joint Aor
considered Steel Steel
Fillet welded lap joint with smooth transition (sniped
end with ¢ < 20° or radius) welded to longitudinally
stressed component.
C4 — flat bar 56 20
— to bulb section 56 20
— to angle section 50 18
c <2t max. 25 mm
Longitudinal flat side gusset welded on plate or
beam flange edge
<~ £<50 mm 56 20
(t2) 50 mm < £< 150 mm 50 18
s © . ;E:Osr;(;n < <300 mm 45 16
mm 40 14
For t, < 0.7 t;, Aor may be increased by one
category, but not over 56 (steel) or 20 (Al).
If the plate or beam flange is subjected to in-plane
bending, Acr has to be decreased by one category.
Longitudinal flat side gusset welded on plate edge
or beam flange edge, with smooth transition
(sniped end or radius); ¢ < 2 t;, max. 25 mm
Cc6 rz05h 50 18
r<0.5hor¢=<20° 45 16
¢ > 20° see joint type C5
For t, £ 0.7 t1, Aor may be increased by one
category.
——{ J-L ] — -
Transverse stiffener with fillet welds (applicable for
Cc7 ) 80 28
short and long stiffeners)
C8 Non-load-carrying shear connector 80 28

TURK LOYDU — HULL —JULY 2016




3-44

Section 3 — Design Principles

Table 3.32 Catalogue of details (continued)

C. Non-load-carrying attachments
- Joint configuration showing mode Detail category
e
’\)l/p of fatigue cracking and stress o Description of joint Aor
0.
considered Steel Al
End of long doubling plate on beam, welded ends
(based on stress range in flange at weld toe)
to <08t 56 20
08t <tp <15t 50 18
to >15t 45 16
The following features increase Acor by one
-'-w - i category accordingly:
o IR S e i
> < — reinforced ends according to Section 20, Figure
L ] 20.4
— weld toe angle <30 °
— length of doubling < 300 mm
For length of doubling < 150 mm, Aor may be
increased by two categories.
D. Cruciform joints and T-joints
- Joint configuration showing mode Detail category
e
’\Tp of fatigue cracking and stress o Description of joint Aok
0.
considered Steel Al
Cruciform or tee-joint K-butt welds with full
[ ] penetration or with defined incomplete root
enetration according to Section 20, Figure 20.9.
b1 == P 9 9
L cruciform joint 7 25
tee-joint 80 28
Cruciform or tee-joint with transverse filet welds,
] toe failure (root failure particularly for throat
thickness a < 0.7 - t, see joint type D3)
D2 - ~ — -
| | cruciform joint 63 22
tee-joint 71 25
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Table 3.32 Catalogue of details (continued)

D. Cruciform joints and T-joints

Joint configuration showing mode

Detail category

TI:Z.G of fatigue cracking and stress o Description of joint Aoy
considered Steel Al
Welded metal in transverse load-carrying filet welds
at cruciform or tee-joint, root failure (based on
stress range in weld throat), see also joint type No.
D2
D3 -~ 4
azt/3 36 12
a<t/3 40 14
Note: Crack initiation at weld root
Full penetration weld at the connection between a
hollow section (e.g. pillar) and a plate,
D4 for tubular section 56 20
for rectangular hollow section 50 18
For t <8 mm, Aog has to be decreased by one
category.
Fillet weld at the connection between a hollow
section (e.g. pillar) and a plate,
for tubular section
D5 for rectangular hollow section 4 16
40 14
The stress is to be related to the weld sectional
area. For t <8 mm, Ao has to be decreased by
one category.
Continuous butt or fillet weld connecting a pipe
penetrating through a plate
e
| I d <50 mm 71 25
- ﬁ%‘ - d > 50 mm 63 22
D6
0 ‘U} . Note
For large diameters an assessment based on local stress
is recommended.
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Table 3.32 Catalogue of details (continued)

E. Unwelded base material

Joint configuration showing mode
Type

Detail category

arrangement of openings.

of fatigue cracking and stress o Description of joint Aor
No. considered Steel Al
1 Rolled or extruded plates and sections as well as 160 71
seamless pipes, no surface or rolling defects (mo=5) (mo=5)
Plate edge sheared or machine-cut by any
thermal process with surface free of cracks and
2 @ notches, cutting edges broken or rounded. 140 40
(mo=4) (mo=4)
Stress increase due to geometry of cut-outs to be
considered. (1)
Plate edge not meeting the requirements of type
E2, but free from cracks and severe notches.
Machine cut or sheared edge: 125 36
Ea @ (mo=3.5) | (M=3.5)
Manually thermally cut: 100 32
(mo=3.5) | (Mo=3.5)
Stress increase due to geometry of cut-outs to be
considered.
Q) Stress concentrations caused by an opening to be considered as follows:
Aomax = Ky - Aoy
K¢ : Notch factor according to Section B, 8
AOmax - Nominal stress range related to net section

Alternatively direct determination of Aong, from FE-calculation, especially in case of hatch openings or multiple
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Table 3.33 Various intersections
Stiffener
Longitudinal
Transverse web \
Transverse
Side shell plating web H/
or longitudinal ~  — =TT 77 TR & T T T
bulkhead plating __—
e oo S % w Fracture } : (1) (]_)
'''''' \ Side shell plating
or longitudinal
Longitudinal bulkhead plating
Joint configuration Detail category
Loads Description of joint A
Locations being at risk for P J OR
steel
cracks
__________ None watertight intersection
4_%* H e without heel stiffener 80 80 80 80
_____ yT — Watertight intersection without
g JT ; heel stiffener (without cyclic load 71 71 71 71
on the transverse member)
|Ll With heel stiffener
4_$__.— - "ﬂﬁﬁ }{} @) | direct 1150 45 56 56 63
J Lﬁ connection  {>150 40 50 50 56
overlapping {150 50 50 45
connection  {>150 45 45 40
_______ L (2) Wlth heel stiffener and 45 56 56 63
u integrated bracket
P With heel stiffener and
/ L integrated bracket and with
il A backing bracket
e |
direct connection 50 63 63 71
overlapping connection 56 56 50
With heel stiffener but
t considering the load transferred
M to the stiffener
I¢ _____ l] o }1} crack initiation at weld toe 80 71 71 71
crack initiation at weld root 40 40 40
Stress increase due to
eccentricity and shape of cut out
has to be observed.

(1) Additional stresses due to asymmetric sections have to be observed, see Section B, 10.

(2) To be increased by one category, when longitudinal loads only
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Table 3.34 Examples of structure or equipment details

9T0Z AINC — T1NH — NAAOT MdNL

. Joint configuration showing Detail
Structure or equipment o . . Type ; . _— -
detail Description of structure or equipment detail No. mode of fatigue crf;lcklng and Description of joint category
stress o considered Aor Steel
F Unstiffened flange to web joint, to be assessed Cruciform or tee-joint K-butt welds with
L according to type D1, D2 or D3, depending on the full penetration or with defined
\ " type of joint: . incomplete root penetration according
Fq o= -2 - to Section 20, Figure 20.9.
) > r-t
Furthermore, the stress in longitudinal weld D1
direction has to be assessed according to type B2 E E Cruciform joint 71
+ B4. In case of additional shear or bending, also Tee-joint 80
the highest principle stress may become relevant L
in the web, see B.1.4.
Joint at stiffened knuckle of a flange, to be - Cruciform or tee-joint with transverse
\Ga assessed according to type D1, D2 or D3, fillet welds, toe failure (root failure
dependmg on the type of joint. The stress in the D2 P ‘ﬁ{—» particularly for t.hroat thickness
stiffener at the knuckle can normally be a<0.7 - t, see joint type D3)
calculated as follows: Cruciform joint 63
0, — Tee-joint. 71
P —> . Welded metal in transverse load-
0=gg—2sina carrying fillet welds at cruciform or tee-
tb joint, root failure (based on stress
b3 - e range in weld throat), see also joint 36
“0 type No.D2
Holder welded in way of an opening and arranged £ <150 mm
parallel to the edge of the opening. — | —] In way of the rounded corner of an
opening with the radius r a minimum
Not valid for hatch corner (t2) distance x from the edge to be kept
c1 - JIINVIINIINY | (hatched area): 71

(t)

AT

X [mm] =15+ 0.175 - r [mm]

100 mm < r <400 mm

In case of an elliptical rounding, the mean
value is to be applied to both axes.
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Table 3.34 Examples of structure or equipment details

9T0Z ATINC — T1NH — NAAOT MdNL

downgraded by one category

o ) Joint configuration showing Detail
) ) Description of structure or equipment Type ) ) o o
Structure or equipment detail detail N mode of fatigue cracking and Description of joint category
etai 0.
stress o considered Aok Steel
Circular doubler plate with max. 150 mm.
diameter.
A to <038t 71
C9 “% ﬁ" 08t <tp<15t 63
>
to > 15t 56
Drain plugs according to DIN 87721-1
(diameter about 190 mm) tp <08t 63
——‘—T Assessment corresponding to doubling - =~ 08t< tp<1.5t 56
4 INTTEVTTTITTN:.
ZJ plate. Cc9 e e S to > 15t 50
< |
150 < d <300 mm.
d = Diameter
d Drain plugs with partial penetration butt Partial penetration butt weld;
El . weld the stress is to be related to
5 i A7 < { I { > the weld throat sectional area, 36
! weld overfill not to be taken
< | | | | .
- into account
The detail category is also valid for not Transverse stiffener with fillet
fully circumferential welded holders J-L welds (applicable for short and
——{ T ] — - )
long stiffeners)
For stiffeners loaded in bending Aor to be Cc7 80

so|diould ubisa@ — € uonodas
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E. Testing Procedures of Watertight
Compartments
1. General

These test procedures are to confirm the watertightness
of tanks and watertight boundaries and the structural
adequacy of tanks which consist of the watertight
subdivisions of ships. These procedures may also be
applied to verify the weathertightness of structures and
shipboard outfitting. The tightness of all tanks and
watertight boundaries of ships during new construction
and those relevant to major conversions or major
repairs (1) is to be confirmed by these test procedures
prior to the delivery of the ship.

2. Application

21 All gravity tanks (2) and other boundaries
required to be watertight or weathertight are to be tested
in accordance with sub-section E. and proven to be tight
and structurally adequate as follows:

2.1.1  Gravity Tanks for their tightness and structural
adequacy,

2.1.2 Watertight Boundaries Other Than Tank

Boundaries for their watertightness, and

2.1.3  Weathertight Boundaries for their
weathertightness.
2.2 The testing of cargo containment systems of

liquefied gas carriers is to be in accordance with
standards deemed appropriate by TL.

2.3 The testing of structures not listed in Table
3.35 or 3.36 is to be specially considered.

3. Test Types and Definitions

3.1 The following two types of tests are specified in
this requirement:

Structural Test: A test to verify the structural adequacy

of  tank construction. This may be a

hydrostatic test or, where the situation warrants, a
hydropneumatic test.

Leak Test: A test to verify the tightness of a boundary.
Unless a specific test is indicated, this may be a
hydrostatic / hydropneumatic test or an air test. A hose
test may be considered an acceptable form of leak test
for certain boundaries, as indicated by Footnote (3) of
Table 3.35.

3.2 The definition of each test type is as follows:

Hydrostatic Test (Leak and Structural): A test
wherein a space is filled with a liquid to a specified
head.

Hydropneumatic Test (Leak and structural): A test
combining a hydrostatic test and an air test wherein a
space is patrtially filled with a liquid and pressurized with
air.

Hose Test (Leak): A test to verify the tightness of a
joint by a jet of water with the joint visible from the

opposite side.

Air Test (Leak): A test to verify tightness by means of
air pressure differential and leak indicating solution. It
includes tank air test and joint air tests, such as
compressed air fillet weld tests and vacuum box tests.

Compressed Air Fillet Weld Test (Leak): An air test of
fillet welded tee joints wherein leak indicating solution is
applied on fillet welds.

Vacuum Box Test (Leak): A box over a joint with leak
indicating solution applied on the welds. A vacuum is
created inside the box to detect any leaks.

Q) Major repair means a repair affecting structural
integrity.

) Gravity tank means a tank that is subject to vapour
pressure not greater than 70 kPa.
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Ultrasonic Test (Leak): A test to verify the tightness of
the sealing of closing devices such as hatch covers by
means of ultrasonic detection techniques.

Penetration Test (Leak): A test to verify that no visual
dye penetrant indications of potential continuous
leakages exist in the boundaries of a compartment by
means of low surface tension liquids (i.e. dye penetrant
test).

4, Test Procedures

4.1 General

Tests are to be carried out in the presence of a
Surveyor at a stage sufficiently close to the completion
of work with all hatches, doors, windows, etc. installed
and all penetrations including pipe connections fitted,
and before any ceiling and cement work is applied over
the joints. Specific test requirements are given in 4.4
and Table 3.35. For the timing of the application of
coating and the provision of safe access to joints, see
4.5, 4.6 and Table 3.37.

4.2 Structural test procedures

4.2.1  Type and time of test

Where a structural test is specified in Table 3.35 or
Table 3.36, a hydrostatic test in accordance with 4.4.1
will be acceptable. Where practical limitations (strength
of building berth, light density of liquid, etc.) prevent the
performance of a hydrostatic test, a hydropneumatic

test in accordance with 4.4.2 may be accepted instead.

A hydrostatic test or hydropneumatic test for the
confirmation of structural adequacy may be carried out
while the vessel is afloat, provided the results of a leak
test are confirmed to be satisfactory before the vessel is
afloat.

4.2.2 Testing Schedule for New Construction or
Major Structural Conversion

4.2.2.1 The tank boundaries are to be tested from at
least one side. The tanks for structural test are to be

selected so that all representative structural members
are tested for the expected tension and compression.

4.2.2.2 Structural tests are to be carried out for at least
one tank of a group of tanks having structural similarity
(i,e. same design conditions, alike structural
configurations with only minor localized differences
determined to be acceptable by the attending Surveyor)
on each vessel provided all other tanks are tested for
leaks by an air test. The acceptance of leak testing
using an air test instead of a structural test does not
apply to cargo space boundaries adjacent to other
compartments in tankers and combination carriers or to
the boundaries of tanks for segregated cargoes or
pollutant cargoes in other types of ships.

4.2.2.3 Additional tanks may require structural testing
if found necessary after the structural testing of the first
tank.

4.2.2.4 Where the structural adequacy of the tanks of
a vessel were verified by the structural testing required
in Table 3.35, subsequent vessels in the series (i.e.
sister ships built from the same plans at the same
shipyard) may be exempted from structural testing of
tanks, provided that:

4.2.2.4.1 Watertightness of boundaries of all tanks is
verified by leak tests and thorough inspections are
carried out.

4.2.2.4.2 Structural testing is carried out for at least
one tank of each type among all tanks of each sister
vessel.

4.2.2.4.3 Additional tanks may require structural
testing if found necessary after the structural testing of
the first tank or if deemed necessary by the attending

Surveyor.

For cargo space boundaries adjacent to other
compartments in tankers and combination carriers or
boundaries of tanks for segregated cargoes or pollutant
cargoes in other types of ships, the provisions of
paragraph 4.2.2.2 shall apply in lieu of paragraph
4224.2.
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4.2.2.5 Sister ships built (i.e. keel laid) two years or
more after the delivery of the last ship of the series, may
be tested in accordance with 4.2.2.4 at the discretion of
TL, provided that:

4.2.2.5.1 General workmanship has been maintained
(i.e. there has been no discontinuity of shipbuilding or
significant changes in the construction methodology or
technology at the yard, shipyard personnel are
appropriately qualified and demonstrate an adequate
level of workmanship as determined by the TL) and:

42252 An enhanced NDT programme is
implemented for the tanks not subject to structural tests.

4.2.2.6 For the watertight boundaries of spaces other
than tanks structural testing may be exempted, provided
that the watertightness of boundaries of exempted
spaces is verified by leak tests and inspections.
Structural testing may not be exempt and the
requirements for structural testing of tanks in 4.2.2.1 to
4.2.2.5 shall apply, for ballast holds, chain lockers and a
representative cargo hold if intended for in-port

ballasting.

4.3 Leak test procedures

For the leak tests specified in Table 3.35, tank air tests,
compressed air fillet weld tests, vacuum box test in
accordance with 4.4.4 through 4.4.6, or their
combination, will be acceptable. Hydrostatic or
hydropneumatic tests may also be accepted as leak
tests provided that 4.5, 4.6 and 4.7 are complied with.
Hose tests will also be acceptable for such locations as
specified in Table 3.35, Footnote 3 in accordance with

4.4.3.

Air tests of joints may be carried out in the block stage
provided that all work on the block that may affect the
tightness of a joint is completed before the test. See
also 4.5.1 for the application of final coatings and 4.6 for
the safe access to joints and the summary in Table

3.37.

44 Test Methods
441 Hydrostatic Test

Unless another liquid is approved, the hydrostatic tests
are to consist of filling the space with fresh water or sea
water, whichever is appropriate for testing, to the level
specified in Table 3.35 or Table 3.36.

In cases where a tank for higher density is to be tested
with fresh water or sea water, the testing pressure
height is to be specially considered.

All external surfaces of the tested space are to be
examined for structural distortion, bulging and buckling,
other related damage and leaks.

4.4.2 Hydropneumatic test

Hydropneumatic tests, where approved, are to be such
that the test condition, in conjunction with the approved
liquid level and supplemental air pressure, will simulate
the actual loading as far as practicable. The
requirements and recommendations for tank air tests in
4.4.4 will also apply to hydropneumatic tests.

All external surfaces of the tested space are to be
examined for structural distortion, bulging and buckling,
other related damage and leaks.

4.4.3 Hose test

Hose tests are to be carried out with the pressure in the
hose nozzle maintained at least at 2-10° Pa during the
test. The nozzle is to have a minimum inside diameter
of 12 mm and be at a perpendicular distance from the
joint not exceeding 1.5 m. The water jet is to impinge

directly upon the weld.

Where a hose test is not practical because of possible
damage to machinery, electrical equipment insulation or
outfitting items, it may be replaced by a careful visual
examination of welded connections, supported where
necessary by means such as a dye penetrant test or
ultrasonic leak test or the equivalent.
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4.4.4 Tank air test

All boundary welds, erection joints and penetrations,
including pipe connections, are to be examined in
accordance with approved procedure and under a
stabilized pressure differential above atmospheric
pressure not less than 0.15-10° Pa, with a leak
indicating solution such as soapy water/detergent or a
proprietary brand applied.

A U-tube with a height sufficient to hold a head of water
corresponding to the required test pressure is to be
arranged. The cross sectional area of the U-tube is not
to be less than that of the pipe supplying air to the tank.
Instead of using a U-tube, two calibrated pressure
gauges may be acceptable to verify required test
pressure.

A double inspection is to be made of tested welds. The
first is to be immediately upon applying the leak
indication solution; the second is to be after
approximately four or five minutes in order to detect
those smaller leaks which may take time to appear.

445 Compressed air fillet weld test

In this air test, compressed air is injected from one end
of a fillet welded joint and the pressure verified at the
other end of the joint by a pressure gauge. Pressure
gauges are to be arranged so that an air pressure of at
least 0.15-10° Pa can be verified at each end of all

passages within the portion being tested.

Note: Where a leak test is required for fabrication involving
partial penetration welds, a compressed air test is also to be
applied in the same manner as to fillet weld where the root
face is large, i.e., 6-8 mm.

446 Vacuum box test

A box (vacuum testing box) with air connections,
gauges and an inspection window is placed over the
joint with a leak indicating solution applied to the weld
cap vicinity. The air within the box is removed by an
ejector to create a vacuum of 0.20-10° — 0.26-10° Pa
inside the box.

4.47 Ultrasonic test

An ultrasonic echo transmitter is to be arranged inside
of a compartment and a receiver is to be arranged on
the outside. The watertight/weathertight boundaries of
the compartment are scanned with the receiver in order
to detect an ultrasonic leak indication. A location where
sound is detectable by the receiver indicates a leakage
in the sealing of the compartment.

4.4.8 Penetration test

A test of butt welds or other weld joints uses the application
of a low surface tension liquid at one side of a
compartment boundary or structural arrangement. If no
liquid is detected on the opposite sides of the boundary
after the expiration of a defined period of time, this
indicates tightness of the boundaries. In certain cases, a
developer solution may be painted or sprayed on the other
side of the weld to aid leak detection

4.4.9 Other test

Other methods of testing may be considered by TL
upon submission of full particulars prior to the

commencement of testing.

45 Application of coating

45.1 Final coating

For butt joints welded by an automatic process, the final
coating may be applied any time before the completion
of a leak test of spaces bounded by the joints, provided
that the welds have been carefully inspected visually to

the satisfaction of the Surveyor.

Surveyors reserve the right to require a leak test prior to
the application of final coating over automatic erection
butt welds.

For all other joints, the final coating is to be applied after
the completion of the leak test of the joint. See also
Table 3.37.
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45.2 Temporary coating

Any temporary coating which may conceal defects or
leaks is to be applied at the time as specified for the
final coating (see item 4.5.1). This requirement does not
apply to shop primer.

4.6 Safe access to joints

For leak tests, safe access to all joints under
examination is to be provided. See also Table 3.37.

4.7 Hydrostatic or hydropneumatic tightness
test

In cases where the hydrostatic or hydropneumatic tests
are applied instead of a specific leak test, examined
boundaries must be dew-free, otherwise small leaks are
not visible.
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Table 3.35 Test Requirements for Tanks and Boundaries

Iltem

Tank or boundary

number to be tested Test type Test head or pressure Remarks
The greater of
- top of the overflow,
Leak and P v W
1 Double bottom tanks (4) - to 2.4m above top of
Structural (1)
tank (2), or
- to bulkhead deck
Including pump room
See 4.4.4 through 4.4.6 double bottom and bunker
2 Double bottom voids (5) Leak o gh 245, tank protection double hull
as applicable .
required by MARPOL
Annex |
The greater of
- top of the overflo
: Leak and P Verrow,
3 Double side tanks - to 2.4m above top of
Structural (1)
tank (2), or
- to bulkhead deck
See 4.4.4 through 4.4.6,
4 Double side voids Leak . g
as applicable
The greater of
5 Deep tanks other than those Leak and - top of the overflow, or
listed elsewhere in this table Structural (1) |- to 2.4m above top of
tank (2)
The greater of
- top of the overflow,
- to 2.4m above top of
. Leak and P
6 Cargo oil tanks tank (2), or
Structural (1)
- to top of tank (2) plus
setting of any pressure
relief valve
Leak and
7 Ballast hold of bulk carriers Top of cargo hatch coaming
Structural (1)
The greater of After peak to be
Leak and - top of the overflow, or tested after
8 Peak tanks . .
Structural (1) |- to 2.4m above top of tank |installation of stern
(2) tube
1. Fore peak spaces with Leak See 4.4.3 through 4.4.6,
equipment as applicable
Leak and
2. Fore peak voids structural (1), |To bulkhead deck
° )
3. Aft peak spaces with Leak See 4.4.3 through 4.4.6,
equipment as applicable
After peak to be tested
. See 4.4.4 through 4.4.6, as . .
4. Aft peak voids Leak ) after installation of stern
applicable
tube
See 4.4.4th h4.4.6
10 Cofferdams Leak ee roug ’

as applicable
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1. Watertight See 4.4.3 through 4.4.6,
1 bulkheads Leak (8) as applicable (7)
2. Superstructure Leak See 4.4.3 through 4.4.6,
end bulkheads as applicable
Watertight doors below See 4.4.3 through 4.4.6,
12 freeboard or bulkhead deck Leak (6), (7) as applicable
13 Double plate rudder blades Leak See 4'4.'4 through 4.4.6,
as applicable
14 Shaft tunnels clear of deep Leak (3) See 4.4.3 through 4.4.6,
tanks as applicable
15 Shell doors Leak (3) See 4.4.3 through 4.4.6,
as applicable
. Hatch covers closed
Weathertight hatch covers and See 4.4.3 through 4.4.6, .
16 closing appliances Leak (3), (7) as applicable by tarpaulins and
gapp bp battens excluded
Dual purpose tanks/dry cargo See 4.4.3 through 4.4.6 In addition to
17 purp y 901 Leak (3), (7) . gh =45, structural test in
hatch covers as applicable )
item 6 or 7
. Leak and -
1 hain lock T f ch
8 Chain lockers Structural (1) op of chain pipe
Lubrlcatlng 9I| sump. tanks and See 4.4.3 through 4.4.6,
19 other  similar  tanks/spaces | Leak .
. . as applicable
under main engines
The greater of
Leak and - ballast pump maximum
20 Ballast ducts pressure, or
Structural (1) .
- setting of any pressure
relief valve
The greater of
- top of the overflow,
- to 2.4m above top of
. Leak and tank (2), or
21 Fuel Oil Tank
uel Oil Tanks Structural (1) |- to top of tank (2) plus
setting of any pressure
relief valve, or
- to bulkhead deck

Notes:

(1) Refer to item 4.2.2.

) The top of a tank is the deck forming the top of the tank, excluding any hatchways.

3) Hose Test may also be considered as a medium of the test. See 3.2.

4) Including tanks arranged in accordance with the provisions of SOLAS regulation 11-1/9.4.

5) Including duct keels and dry compartments arranged in accordance with the provisions of SOLAS regulation 11-1/11.2 and
11-1/9.4 respectively, and/or oil fuel tank protection and pump room bottom protection arranged in accordance with the
provisions of MARPOL Annex |, Chapter 3, Part A regulation 12A and Chapter 4, Part A, regulation 22 respectively.

(6) Where water tightness of a watertight door has not been confirmed by prototype test, testing by filling watertight spaces
with water is to be carried out. See SOLAS regulation 11-1/16.2 and MSC.1/Circular.1464.

(7)  As an alternative to the hose testing, other testing methods listed in 4.4.7 through 4.4.9 may be applicable subject to
adequacy of such testing methods being verified. See SOLAS regulation 11-1/11.1. For watertight bulkheads (item 11.1)
alternatives to the hose testing may only be used where a hose test is not practicable.

(8) A “Leak and structural test”, see 4.2.2 is to be carried out for a representative cargo hold if intended for in-port
ballasting. The filling level requirement for testing cargo holds intended for in-port ballasting is to be the maximum
loading that will occur in-port as indicated in the loading manual.

9) Structural test may be waived where demonstrated to be impracticable to the satisfaction of TL.
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Table 3.36 Additional Test Requirements for Special Service Ships/Tanks
Item Type of Structures to be Type of
] Test Head or Pressure Remarks
number Ship/Tank tested Test
Integral Tanks
Hull structure
supporting
membrane or semi- Refer to Turk Loydu Rules
membrane tanks Chapter 10 Liquefied Gas
Liquefied gas Leak and Carriers Section 4
1 . Independent tanks
carriers structural
type A
Independent tanks
type B
Refer to Turk Loydu Rules
Independent tanks . i
Chapter 10 Liquefied Gas
type C . .
Carriers Section 4
The greater of
5 Edible liquid | Independent Leak and - top of the overflow, or
tanks tanks structural - to 0.9m above top of
tank (1)
Where a cargo
tank is designed
The greater of for the carriage of
- to 2.4m above top of cargoes with
) Integral or - -
Chemical ) Leak and tank (1), or specific gravities
3 ) independent
carriers structural - to top of tank (1)plus larger than 1.0, an
cargo tanks ) )
setting of any pressure appropriate
relief valve additional head is
to be considered
Note:
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Table 3.37 Application of Leak Test, Coating and Provision of Safe Access For Type of Welded Joints
Coating (1) Safe Access (2)
Type of welded Before After
. leak test but
joints Leak test leak test Structural
before Leak test
test
structural
test
Automatic Not required Allowed (3) | N/A Not required Not required
Butt Manual or
Semiautomatic Required Not allowed | Allowed Required Not required
4
Boundary
Fillet including Required Not allowed | Allowed Required Not required
penetrations
Note:

(1) Coating refers to internal (tank/hold coating), where applied, and external (shell/deck) painting. It does not refer to shop primer.

(2) Temporary means of access for verification of the leak test.

(3) The condition applies provided that the welds have been carefully inspected visually to the satisfaction of the Surveyor.

(4) Flux Core Arc Welding (FCAW) semiautomatic butt welds need not be tested provided that careful visual inspections show

continuous uniform weld profile shape, free from repairs, and the results of NDE testing show no significant defects.
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A. General
1. Introduction
1.1 This document contains procedures and

basics on the strength analyses of the ship structures
with Finite Element Method (FEM). The aim is to
prevent errors in selecting methods, in the modelling, in
executing analyses, in evaluating results and to provide

feasible engineering judgment (approach).

1.2 For The strength calculations of ship
structures with using FEM, below topics are described

in more detail in the following sections:

- Determination of the objective, type and extent of
the analysis,

- Building up the concurrent engineering approach

or model,

- Modelling of the structure,

- Determination of loads and boundary conditions
compatible with the type and the objective of the

analysis,

- Execution of the analysis,

- Evaluation and assessment of results.

1.3 Depending on the type and objective of the
analysis, certain simplifications are possible on loads and
boundary conditions in the finite element analysis. Needed
information about the simplifications can be obtained from
the specialist literature and the descriptions of the
commercial FEM software products. If the planned
simplifications are not sourced from literature or from the
descriptions of commercial software; should be discussed
with TL. The simplifications should be in convenience with
the engineering nature of the analyzed situation. The
content and details of the simplifications should be
explained in the analysis document.

14 The type and extent of the analysis depends
primarily on the kind of the structural response to be
assessed. In general, the following structural responses

are investigated foremost in strength analyses:

- Deformations and stresses for specified load

conditions,

- Failure behaviour of the structure and magnitude
of the ultimate load that causes failure,

- Dynamic and vibrational responses of the

analyzed structure.

15 Beyond these standard loading and boundary
conditions, some special cases should be investigated
(e.g. for example temperature loads in case of ships
with hot or cold cargoes.); for loads varying with time,
the vibration behaviour of the structure must be taken

into account.)

1.6 It should be noted that when the structural
response of the ship structure is investigated, linear
or/and non-linear effects; should be taken into account
according to type of analysis and nature of the
engineering case. Non-linear effects should be taken

into account in the following cases:

- For an analysis of the failure behaviour of the

structure,

- Geometric Non-linearity: for relatively flexible

structures with large deformations,

- Local failure behaviour of structural members or
components e.g. buckling of plate panels,

- Material Non — linearity: if a plasticisation of
structural areas is considered.

1.7 The evaluation of the deformation and stress
results can usually be subdivided into the following

categories depending on the structural conditions:

- Global deformations and stresses of the hull

girder and primary structural components,

- Local deformations and stresses of the primary

and secondary structural components,

- Locally increased stresses at structural details
and discontinuities.
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The objective of the analyses, loading and boundary
conditions, extent of modelling and the evaluation

depend on one of these categories.

2. Definition of the Aim, Type and Scope of
the Analysis
2.1 The aim, type and scope of the strength

analysis using Finite element Method should be
determined. Because, the extent of the model, boundary
conditions, type of elements and loads depend on these

reasons.

2.2 The objective of the analysis becomes

definite with the establishment of the conditions in A.1.4.

2.3 The type of the analysis becomes definite
with the establishment of the conditions in A.1.6.

24 The scope of the analysis is related to the
extent of the finite element model and the mesh density
of the model (Defined in B.1.3).

3. Global Deformations and Stresses

3.1 The global deformations and stresses are the
structural responses of hull girder and primary structural
components caused by the normal, shear, bending and
torsional loads that act on the whole structure.

3.2 The primary structural components consist of
floors, bottom girders, side and deck transverses,
stringers, transverse and longitudinal bulkheads,
transverse and longitudinal deck strips, deck girders
and comparable components, each including the
effective part of the plating and stiffeners.

3.3 Effective plate widths should be taken into
account in the computation of the global deformations
and stresses.

34 Global stresses are the nominal stresses that
caused by the shear forces and bending moments that
depend on the cross — section properties. These
stresses include effective widths but not locally
increased stresses. Locally increased stresses should

be investigated detailed later.

4, Local Deformations and Stresses

4.1 Additionally to global deformations and
stresses; secondary structural components like
stiffeners and plates, should be analysed individually
under local loads that causes local deformations and
stresses.

4.2 In the local analyses, secondary structural
components that include frames, stiffeners, beams and
their plating must be modelled with bending, torsional
and shear stiffeners as well as supporting and tripping
brackets.

4.3 The effective width effects should be taken

into account in the analyses.

4.4 The local deformations and stresses should
be superimposed to global deformations and stresses

respectively.

5. Local Discontinuous and Increased
Stresses
5.1 At geometrical discontinuous areas and

structural details, there may be locally increased
stresses that cause fatigue. For this reason, these areas
should be investigated in fatigue manner. The three

types of locally increased stresses are listed below:

- Maximum stress in notch root;

- Structural or hot spot stress, defined additionally
for welded joints;

- Special parameters for assessing the stress at

crack tips;

5.2 The maximum stress in the notch root, e.g. of
the rounded edges of cut-outs, can occur at the
structural details or discontinuous structural areas.
Under these conditions, the elastic limit of the material
may be exceeded with realistic load conditions. For this
reason, a limit should be determined that beyond the
elastic limit that is called “notch stress” oi. In the case of
very sharp notches, local supporting effects can be

applied depending on enlarged radius of notch radius.
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5.3 In the complex welded structures the stress
can increase as a result of the structural geometry that
caused by weld toe. This leads to the structural or “hot
spot” on stresses and these stresses should be assessed
under assumption of material elastic behaviour.

5.4 In the assessment of Crack tips special
parameters are used like stress intensity, J-Integral or
crack tip opening. For detailed calculation of these

parameters, the applicable literature can be used.

55 Except the direct calculation, detailed stress
concentration factors or detailed catalogues can be used
for calculating the locally increased stresses. If this way is
chosen to calculate the locally increased stresses,
nominal stress values should be computed with sufficient
accuracy in accordance with their definition.

B. Modelling and Boundary Conditions
1. Extent of Modelling
11 For the structural analysis of the ship

structures can be categorized in four groups:

- Global 3D FEA Model

- Partial 3D FEA Model

- Frame models

- Local models

1.2 Global 3D FEA model is used for global
strength analysis to determine the structural response of
primary structural members such as longitudinal members,
transverse bulkheads and main supporting members of
hull girder and entire hull. To get the correct structural

behaviour, the loads should be applied realistically.

1.3 Global 3D FEA analyses establish the
scantling requirements of plates and stiffeners and they
are sufficient to estimate steel weight. Also, the “net”
thickness or scantlings correspond to the minimum

strength requirements of TL Rules.

1.4 Partial 3D FEA analyses are to verify the
strength of the parts of the hull girder and its structural
components. Like Global 3D models, partial analyses

are used for complex behaviour of the investigated part.

1.6 Frame models are used to determine the
strength behaviour of the transverses of the hull girder
(figure). The investigations are made for to evaluate
the in-plane bending behaviour of the transverse webs.

1.7 Local models are used for strength analysis
of secondary or special components of the hull with
structural details. These models are used for
investigating the structural areas where relatively high
stress levels were found in global 3D models.
Suspected areas or details not adequately represented
in Global 3D FEA model can be modelled locally. Also,
foundations, the structural components under liquid
loads, masts, shaft structure, propeller structures etc...
should be examined with local detailed models.

2. Element Selection

2.1 The element selection for the FEA analysis of
ship structures depends on the objective and the type of
analysis. The characteristics of the selected element
should be represented with sufficient accuracy for the
stiffness of the structure and stresses to be analyzed.
While performing a structural analysis, adequate
knowledge for the element characteristics is a
prerequisite; the program documentation and applicable
literature should be consulted.

2.2 The following types of elements are used for
structural analysis of ship structures.

- Truss elements (1D elements with only axial

stiffness without bending stiffness),

- Beam elements (1D elements with axial,
bending, shear and torsional stiffness),

- Membrane elements (Plane stress elements)
(2D elements with membrane stiffness in plane
without bending stiffness about the axis lying in
the plane),
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- Shell elements (2D elements with in-plane
stiffness, bending and torsional stiffness),

- Solid elements (3D elements),

- Boundary and spring elements.

While using different element types together, special
attention should be paid for the compatibility of the
displacement functions as well as the transferability of

the boundary loads and stresses.

2.3 The selected element for the analysis should
be reflecting the deformations and stresses for the load
cases or the eigen values to be analyzed or reflect the
failure behaviour when determining the magnitude of

the ultimate load.

2.4 In cases of pure bending behaviour in
accordance with beam or plate theory- especially plate
panels, stiffeners, web frames, decks, superstructures
as well as entire hull girder- beam and shell elements
are suitable. In the situations that bending behaviour of
membrane elements in their plane or solid elements to
be permitted; plane stress elements or solid elements
can be used with higher-order displacement functions
(with additional mid-side nodes) or a finer mesh may
have to be chosen.

2.5 3D models of the hull girder or of individual
primary structural components can be modelled with
membrane elements if only global deformations and
stresses are to be determined. In this situation only the
membrane stiffness of the modelled structures is taken
into account. In addition, the relevant parts of the
secondary components must be considered in the
model. Also, the longitudinal stiffeners should be taken
into account with using beam elements.

2.6 In local models, all structural stiffness
components should be taken into account. For this type
of model, shell or solid elements are suitable to reflect
the real physical behaviour. If the plane structures of
investigated area are loaded within in their plane,
membrane (plane stress elements) can be used for
modelling.

3. Mesh Density

3.1 The selection of mesh density strongly
depends on the conditions of the stiffness, types of
analysis and failure behaviour (if investigated) of
material. Also, the characteristics of the selected
element should reflect the real physical behaviour. The
structure should be modelled with suitable mesh density
for sufficient accuracy because of abovementioned

reasons.

3.2 The selection of element type and mesh
density have great influence on the calculation of the
locally increased stress and ultimate load. Insufficiently
mesh density, frequently leads to a considerable
underestimation of local stresses and overestimation of

the ultimate load.

3.3 The geometry of the structure and the
positions of the loads or supports must be taken into

account while determining the mesh density.

3.4 For Global 3D FEA and partial 3D FEA,
models can be meshed very coarsely. The spacing of the
primary structural components can be used as element
dimensions. This approximation is adequate for reflecting
the bending behaviour of the primary structural
components with sufficient accuracy by the suitable
element types is used. During modelling process, the
reduced effective widths should be considered. The same
applies for grilages and local strength analyses of
stiffeners if the width of the elements in the plating

corresponds to half or whole stiffener spacing.

3.5 Generally, the aspect ratio of the elements
should not be greater than 3:1.

3.6 To calculate locally increased stresses, the
mesh density must be increased gradually in
accordance with the stress gradient.

4. Approximations

4.1 Due to complexity of the ship structures,
some simplifications are necessary in modelling
especially for Global 3D model. These simplifications
are allowable as long as the results are only impaired to
a negligible extent.
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4.2 A common simplification for global or partial
3D FEA models carries on combining some several
secondary components into primary structural
components. The combined components should lie at
the geometrical centre of affected components if
possible and should reflect the equivalent stiffness.

4.3 Small secondary components which are
considered that they cannot affect the stiffness in global
manner may be neglected in Global 3D FEA model
(brackets at frames, buckling stiffeners...)

4.4 Large openings that directly affect the
structural stiffness must be modelled. The thickness
reduction and element deletion is not recommended
because these approximations directly cause unrealistic
stress distribution.

4.5 The plate thickness and the scantlings of the
profiles should be taken into account as designed.

5. Boundary Conditions

5.1 In all types of models, the boundary
conditions should reflect the physical behaviour. For this
reason, the boundary conditions should prevent rigid
body motions and reflect the interaction between
adjacent structural areas at the model edges.

5.2 For global 3D models, in stress analysis of
ship structures (still water, hogging and sagging
conditions), to apply a realistic boundary condition; the
load equilibrium should be provided. The main structural
components and masses that have directly influence on
stiffness  behaviour should be included. The
corresponding load pattern against this situation must
be applied. However the load equilibrium is provided,
because of the nature of Finite Element Method, a
boundary condition must be applied. Its place can be
the exact or a closer point to the neutral axis on the mid-
ship section with all degrees of freedom. So that,
physical response of ship in nature; can be achieved
with this approximation.

5.3 In nature (still water, hogging and sagging
conditions), the hull girder is subjected bending and
torsional moments and shear forces at any section of
the ship. At the two ends of the ship, there are no either

bending moment or shear forces. In partial 3D models,
the boundary effects from absent part of the model
should be transferred as bending moments and shear
forces — or normal and shear stresses- to the end of the
partial 3D model. Although the loads are in equilibrium,
the finite element model still needs some support in
order to provide static stability. These supports should
be effect the vertical, horizontal, bending moment
distribution and model responses at minimum or
negligible level.

5.4 If the loading pattern and construction of the
structure allow, the symmetry boundary conditions can
be used for partial 3D and local models.

5.5 While applying boundary conditions, it should
be avoided that non-existing degrees of freedom are
created or existing degrees of freedom are ignored at
the boundaries.

6. Data Verification

6.1 All the FEA models of the ship structures
should satisfy certain requirements and the input data

should be checked for the errors.

6.2 The data checks can be made with computer
codes and visualization programs.

6.3 The following subjects should be checked:
- Material properties,
- Plate thicknesses / cross section properties,
- Beam orientations,
- Element properties,

e Aspect ratio

o Free edges

e Warping

e Shapes

e Overlapping

e Coincidence of nodes and elements

- Mesh density and mesh transitions,
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- Loads and boundary conditions,

- Unit compatibility,

- Solution options.

C. Loading Approximations
1. General
11 For the strength analyses of the ship

structures, the loads can be classified as below:

- Hydrostatic pressure of sea water (still water,
wave crest and wave through) acting on whole

ship,

- Hydrodynamic loads (wave - induced) acting on
hull girder,

- Hydrostatic pressure loads of cargo and ballast

tanks acting on the ballast and tank structures,

- Motion — induced dynamic cargo and ballast
loads on the cargo and ballast structure,

- Loads from ship’s operation e.g. due to action of
rudders, shafts, engines, and wind loads, ice
loads,

- Load from unusual situations e.g. grounding,

collision.

1.2 In load case selection, the balance of forces
and moments should be provided or clearly defined;
sensible section/reaction forces and deformations are
acquired at boundaries or supports.

1.3 If the load case acts on the structure in
nonlinear manner; linear superposition should not be
applied for this situation. Also, the contact
circumstances of the structures should be taken into

account in nonlinear manner.

2. Deterministic Procedures

21 In the decision of strength of structural parts

under analysis, deterministic load situations are
adequate for assessment. These load cases are
insufficient to describe the real nature of the loads;

however they are physically meaningful approaches.

2.2 The load cases can be acquired with two

approaches:

- The load components using Section 5,

- Direct computation of loads.

2.3 Deterministic load cases are listed below:

- Waves from ahead and wave from astern,

- Oblique waves from astern and ahead,

- Obligue waves from astern and ahead (when

ship is heeling).

2.4 The cargo and ballast loads and conditions
should be taken into account for each corresponding
load case.

25 Load cases for container ships with a length
L of 150 m and greater are to be determined according
to Additional Rule for Longitudinal Strength Assessment

of Container Ships, F

3. Non-Deterministic Procedures

3.1 The wave induced loads and motions can be

computed with two possible ways:

- Frequency domain analysis and evaluation with

the aid of spectral method,

- Time domain analysis.

3.2 The natural

characterized by the energy spectra. The use of suitable

seaways are usually

spectrum should be discussed with TL. The results
must be assessed statically, whilst considering the
frequency of occurrence of the seaways, cargo

distributions, ship courses and speed.
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3.3 The hydrodynamic loads and the ship
motions should be calculated as realistically as possible
by considering all influencing parameters.

34 In frequency domain analysis, the first action
is to determine the structural response to harmonic
elementary waves in the form of transfer functions for each
case of particular cargo distribution, ship speed and
heading relative to wave direction. At this point, a sufficient
number of wave frequencies must be taken in order to
consider the resonance peaks of the structural response
with sufficient accuracy. For a specified natural seaway,
the spectrum of the structural response is obtained from

the transfer function and the wave spectrum.

3.5 In time domain analysis, the loading process
should be generated in a suitable manner from the
characteristic data of the wave spectrum. The time
domain analysis of the structural response must be
selected large enough, so that the subsequent statistical
evaluation can be performed with sufficient accuracy

with respect to the expected values.

4, Modelling of Loads

4.1 The loads should be applied to the model
realistically. If necessary, the finite element modelling of
the structure should be adopted to the modelling of
loads.

4.2 Distributed loads can be converted into nodal
forces or moments considering the displacement
functions of elements.

4.3 For Global 3D models, still water, the wave
crest and wave trough load situations should be applied
as external pressure to the hull surface. The position of

the crest and trough can be arranged possibly varied.

4.4 For partial 3D models, the loads should be
applied as bending moments and shear forces at the
model boundaries that are computed from Section 6 for
corresponding section for corresponding case.

4.5 Another way to apply loads to partial 3D
models is to use Global 3D model results. The
investigated boundary deformations of the global 3D

model can be applied to the corresponding partial 3D
model boundaries. The deformation values of Global 3D
model must be interpolated for the intermediate nodes

(boundary nodes for partial 3D model).

4.6 For local 3D models, if the effects of the
global load cases are investigated; 4.5 can be applied
with the same way. If a local load situation is
investigated; with appropriate boundary condition, the

local load(s) can be applied as nature.

5. Load Input Check

5.1 The input for load data must be checked
against possible errors. For this purpose, the special

computer codes or visualization programs can be used.

5.2 The reaction forces and moments should be
checked. For balanced load cases, reaction forces and

moments are negligible.

5.3 The magnitude of total mass and center of
mass of the structure can be checked.

5.4 All the checks should be documented.

D. Evaluation of Results

1. Reasonableness of Results

11 During the evaluation process, the plausibility

of the results must be examined. This can be made with
visualization of results and checking of deformations to
see whether their magnitudes lie within expected range
and whether their distributions are meaningful with
respect to the loads and boundary conditions.

1.2 Also, the reaction forces and moments
should be checked whether their magnitudes are in

expected range or can be neglected.

13 In the partial 3D models that is taken from
global 3D model or the local model that is taken from
partial or global model; the stresses neat the boundaries

should be checked for the two models.
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1.4 For the non — linear computations, the check
should be made that the solution was determined with

sufficient accuracy in the non-linear zone.

2. Deformation Results

2.1 The deformation results should be plotted
generally for other people understanding. For every
component of displacement should be plotted for each

axis.

2.2 For strength analysis of ship structures,
excessively large deformations are being avoided that
exceeds the material load carrying capacity or strain

limits.

2.3 The deformation results should be plausible
for engineering judgment.

3. Stress Results

3.1 For specified load cases, generally the stress
results are evaluated.

3.2 The stress results must be checked with
respect to permissible values as defined in the TL

Rules. The stress results are categorized in A.1.7.

33 The stress evaluation should be made for
each type of analysis for their own purpose. For
example in Global 3D FEA or partial 3D FEA analysis,
the results should be evaluated in global manner. Also,

all the simplifications should be taken into account.

34 Local stresses at structural details and

discontinuities must be included in the assessment.

3.5 For material induced non — linear analysis,

the elastic — plastic stress results — if exists — should be

assessed.
4. Buckling Strength
4.1 In general, the safety with respect to the

ultimate load must be assessed and found adequate. If
in accordance with A.1.4. the magnitude of the ultimate

load or the corresponding eigen values are calculated

directly within the extent of the strength analysis,
these structural responses can be used directly for
the assessment. However, if the stresses and
deformations were calculated for specified load
conditions, an adequate safety against buckling or
the effects of an associated load transfer must be
taken into account. The latter can generally

only be assumed for redundant systems, e. g. For
stiffened plate panels for which the stiffeners can take
over part of the loads of the plates subject to
buckling. The following paragraphs refer to the
buckling assessment within the scope of calculation
of stresses and deformations for specified load

conditions.

4.2 The safety with respect to buckling failure
must be determined by considering all calculated
stress components in the member area under
assessment, on the basis of the assumptions given
in the Section 3.C. In the buckling analysis of
stiffeners, the effective width of the associated

plating must be taken into account.

4.3 The effect of the load transfer in the post
buckling regime for plate panels can be estimated
approximately with the assumptions given in the
Section 3.C concerning effective  width. The
increased stress in the edge area of the plate or in the
stiffeners must not exceed the relevant permissible

values.

4.4 To improve the clarity, it is advisable to
perform the assessment with the aid of tabulated
usage factors, which are obtained from the ratio of
the actual and the permissible stress or load.

5. Fatigue Strength

51 Fatigue strength aspects should generally be
taken into account in the assessment of ship
structures, owing to the cyclic stresses that are
usually present. In strength analyses for specified load
conditions, a simplified assessment can be performed if
the load cases according to C.2. are chosen such that
the maximum stress ranges are approximately
attained in the components under consideration. Then
further assumptions can be made on the stress spectra
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and for assessment on the basis of the parameters
prescribed by the TL Rule, Hull.

5.2 In the assessment of the stresses with regard
to fatigue strength, the stress type must be considered,
i.e. whether nominal stresses or locally increased
notch or structural stresses are calculated with the
chosen model; see also A.1.7.

5.3 For the assessment, it is recommended
that usage factors be applied; these are obtained from
the ratio of the maximum actual stress range to the
permissible stress range for an equivalent stress
spectrum of the same shape and number of load cycles.

6. Presentation of Results

6.1 All the analysis input data; assumptions and
results must be documented clearly and completely.

6.2 The results should be shown with graphical
plots and table of lists.

6.3 The units that are used in the analysis should
be compatible with TL Rules for Hull.

TURK LOYDU — HULL —JULY 2016



Section 5 — Design Loads

5-1

SECTION 5

DESIGN LOADS

INTRODUCTION ...ttt et ba e san s

1. General
2. Definitions

ACCELERATIONS ... e e e e e e e e e

1. General

2. Vertical Acceleration

3. Transverse Acceleration
4. Longitudinal Acceleration

STATIC LOCAL LOADS ...ttt

1. General

2. Static Sea Pressure Load
3. Static Tank Pressure Load
4. Static Deck Load

DYNAMIC LOCAL LOADS ...ttt e e e e e e s e e e e e e e nens

. General

. Wave Load on Side Shell

. Wave Load on Bottom

. Wave Load on Weather Decks

. Dynamic Loads on Cargo Decks

1

2

3

4

5. Wave Loads on Decks of Superstructures and Deckhouses
6

7. Dynamic Loads on Accommodation and Machinery Decks
8

. Dynamic Loads on Tank Structures

IMPACT LOADS ... e

1. Bow Impact Load
2. Stern Impact Load
3. Slamming Load

TURK LOYDU — HULL — JULY 2016



5-2 Section 5 — Design Loads A

A. Introduction
1. General
1.1 This section provides the design loads for the

scantling calculations. The design loads cover the
following load situations:

- Local still water (static) loads; including
hydrostatic sea pressure loads, internal static
pressure loads due to cargo and ballast and
static forces due to weights carried in ship
spaces and on decks.

- Local wave loads; including external wave
pressure loads, inertial pressure loads and
forces due to the ship accelerations applied to
the weights carried in the ship spaces.

- Local dynamic loads; including impact loads
and slamming loads.

2. Definitions
2.1 Coordinate System
211 The ship’s geometry, motions, accelerations

and loads are defined with respect to the following right-
handed coordinate system as shown in Figure 5.1:

- Origin: at the intersection of the longitudinal
plane of symmetry of ship, the aft end of L and
the baseline,

- X axis: longitudinal axis, positive forwards,

- Y axis: transverse axis, positive towards portside,

- Z axis: vertical axis, positive upwards.

w X

&= [

Figure 5.1 Reference coordinate system

2.1.2 The direction of the incident waves are specified
by the angle B between the x-axis and the propagating
wave direction as shown in Figure 5.2:

- Head sea is waves propagating in the negative
x-direction,

- Beam sea is waves propagating in the positive or
negative y-direction,

- Following sea is waves propagating in positive x-

direction,

- Oblique sea is waves propagating in a direction
between head and beam sea (or following and

beam sea), and

A'aue Direction

\U

Figure 5.2 Definition of wave heading

2.2 Sign Conventions
221 Positive motions, as shown in Figure 5.3, are
defined as:

- Positive surge is translation along the positive x-
axis (forward)

- Positive sway is translation along positive y-axis
(towards port side of vessel)

- Positive heave is translation along positive z-axis

(upwards)

- Positive roll is starboard down and port side up

- Positive pitch is bow down and stern up

- Positive yaw is bow rotating towards portside of
vessel and stern towards starboard side.
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222

2.3

do

aL

apz

apx

ary

asw

ar

av

ax

az

Breadth of ship [m], as defined in Section 1,
H.2,

Moulded block coefficient, as defined in
Section 1, H.4, not to be taken less than 0.6,

Length coefficient,

L
— for L<90m

90
1.0 for L=290m

Service range coefficient,

Surge acceleration [m/sz],
Heave acceleration [m/sz],

Upper breadth of tank [m],

B =
CB =
C|_ =
Figure 5.3 Definition of positive motions =
Positive accelerations are defined as: Crs =
Positive longitudinal acceleration is acceleration =
along positive x-axis (forward)
Positive transverse acceleration is acceleration
along positive y-axis (towards port side of vessel) =
Positive vertical acceleration is acceleration =
along positive z-axis (upwards)
Definition of symbols
Cs =
Acceleration parameter,
Cs. =
Longitudinal acceleration due to the
combined effect of surge and pitch [m/sz], Cw =
Vertical acceleration due to pitch [m/sz], =
Longitudinal acceleration due to pitch [m/sz], =
Transverse acceleration due to roll [m/sz],
Sway acceleration [m/s?],
Transverse acceleration due to the combined
effect of sway and roll [m/s?], H =
Vertical acceleration due to the combined
effect of heave and pitch [m/sz], fe =
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1.00 for unlimited service range

0.90 for restricted service area Y

0.75 for restricted service area K50
0.66 for restricted service area K20
0.60 for restricted service area L1 and L2

Longitudinal pressure distribution coefficient,

Distribution factor for slamming pressure,

Wave coefficient,

0.0857 LCrs for L< 90 m
. for 90< L <300
_ or <L < m
1075 | 220=L | ¢
100
10.75 Cgs for 350 m>L > 300 m

15
L -350
10.75 - Cr for 350< L <500 m
150

Depth of ship [m], as defined in Section 1,
H.2,

Coefficient corresponding to the probability
level, taken equal to:

1.0 for strength assessments corresponding
to the probability level of 10

0.5 for strength assessments corresponding
to the probability level of 10

2016



5-4 Section 5 — Design Loads A
Fo Dynamic load due to single forces [kN], Pom = Dynamic deck load in machinery spaces
[kN/m?],
Fs Static force due to units of cargo [kN],
Por = Dynamic tank pressure load [kN/mZ],
g Acceleration due to gravity [9.81 m/sz],
Pe = Bowimpactload [kKN/m?,
GM Metacentric height [m],
Pis = Sternimpact load [kN/m?],
hiy Vertical distance of load centre from highest
point of tank [m], Ps = Static sea pressure load [kN/mz],
hz Distance of load centre from top of overflow Psa = Static deck load in accommodation and
or from a point 2,5 m above tank top, service spaces [kN/mz],
whichever is the greater [m],
Pss = Static cargo load due to bulk cargoes [kN/mZ],
hair Height of air pipe or overflow pipe [m],
Psc = Static load on cargo decks [kN/mz],
he Height of cargo loading for exposed decks
and hatch covers, or mean tween deck height Psp = Static pressure load on deck [kN/mz],
for sheltered decks [m],
Ps = Static cargo load on inner bottom [kN/mz],
he Vertical distance from the load point to the
deepest equilibrium waterline in damaged Ps. = Bottom slamming load in the forebody [kN/mZ],
condition or to freeboard deck if the damage
waterline is not given [m], Psu = Static deck load in machinery spaces [kN/mz],
H Heave amplitude [m], Psr = Static tank pressure load [kN/mZ],
k Material factor, as defined in Section 3, A, Pr = Design tank pressure load [kN/mz],
Ky Roll radius of gyration [m], Pwe = Wave load on bottom [kN/mz],
L Length of ship [m], as defined in Section 1, Pwp = Wave load on weather deck [kN/mz],
H.2,
Pws = Wave load on side shell [kN/m?],
Mc Weight of cargo in the hold [t],
pv = Setting of pressure relief valve [kN/mz],
Poa Dynamic deck load in accommodation and
service spaces [kN/mZ], Rr = Distance [m] from the centre of mass to the
roll axis of rotation,
Pos Dynamic pressure load due to bulk cargo
[kN/mz], Sa = Relative motion amplitude [m],
Poc Dynamic load on cargo decks [kN/mZ], T = Draught of ship [m], as defined in Section 1,
H.2,
Poe Wave load on exposed decks [kN/mz],
Terr = Smallest design ballast draught defined at
Poi Dynamic cargo pressure load on inner forward perpendicular for normal ballast

bottom [KN/m?],

conditions [m],
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Th

Te

Tr

X1

Y1

Zr

ZTOP

&

pc

Psw

pL

Heave period [s],
Pitch period [s],
Roll period [s],

Ship’s speed [knots] according to Section 1,
H.5,

Volume of the hold [m],
Distance from aft end of length L [m],

Distance of structural element from the tank’s
ends in the ship’s longitudinal direction [m],

Horizontal distance between load centre and

centreline [m],

Distance of structural element from the tank’s
sides in the ship’s transverse direction [m],

Vertical distance of the structure's load

centre above base line [m],

Height of roll axis of rotation above the
baseline [m],

z coordinate of the top of tank [m],
Flare angle at the load centre [deq],
Wave heading,

Angle of repose of the cargo [deg],
Pitch amplitude [rad],

Distance [m] between transverse bulkheads
or effective transverse wash bulkheads,

Density of cargo as stowed [t/m3],
Density of sea water [1.025 t/ms],
Density of liquids [t/m?],

Roll amplitude [rad].

2.4 Load centre

The load centre for which the design pressure shall be
calculated is defined as follows:

241 For plates:

- Vertical stiffening system:
Half of the stiffener spacing above the lower
support of plate field, or lower edge of plate

when the thickness changes within the plate field

- Horizontal stiffening system:
Midpoint of plate field

2.4.2 For stiffeners and girders:

- Midpoint of span

B. Accelerations
1. General
1.1 Accelerations in the ship’s vertical,

transverse and longitudinal axes are in general obtained
by assuming the corresponding linear acceleration and
relevant components of angular accelerations as
independent variables. The acceleration components
take account of the following components of motion:

- Vertical acceleration (vertical to the base line)
due to heave and pitch.

- Transverse acceleration (vertical to the ship’s
side) due to sway, yaw and roll including gravity
component of roll.

- Longitudinal  acceleration (in  longitudinal

direction) due to surge and pitch including gravity

component of pitch.

1.2 As an alternative to the formulae in this
Section, TL may accept the values of ship motions and
accelerations derived from direct calculations, when
justified on the basis of the ship’s characteristics and

intended service. In general, the values of ship motions

TURK LOYDU — HULL — JULY 2016



5-6 Section 5 — Design Loads B

and accelerations to be calculated are those which can
be reached with a probability of 10® per cycle. In any
case, the calculations, including the assumed sea
scatter diagrams and spectra, are to be submitted to TL

for approval.

1.3 The following formulae may be taken for
guidance when calculating the acceleration components
owing to the ship’s motions. For calculation purposes
they are considered to act separately.

2. Vertical Acceleration
2.1 The acceleration in the ship’s vertical axis is

given as the combined effect of heave and pitch as
follows:

2
ay = a2 +a3, [M/s]

where the vertical acceleration due to heave is given by:

a, =a,0 [m/s?]

ao Acceleration parameter to be taken equal to:

'

L

C
fo 3CLTW+O.2

Vertical acceleration due to pitch is given by:

2

2y =) 2 |[(c-0asL) st
Tp

The single pitch amplitude is given by:

C
¢ =2.75Cy TW [rad]

The pitch period, Tp, is given by:

T, =18 |- [s]
9

3. Transverse Acceleration

3.1 The reference value of transverse

accelerations at any point is given as follows:

ar = \/agw + (96 +tagy )2 [m/s’]

Where the transverse acceleration due to sway is given

by:
agy =033, g [m/s?]
ao = Acceleration parameter as defined in 2.1.

The roll angle (single amplitude) is given by:

~ 50(1.25 - 0.025T,, )
B B+75

0 [rad]

The period of roll is generally given by:

T 2.2k,
= [s]
" JoMm
kr = Roll radius of gyration [m],
GM = Metacentric height [m],

The values of k; and GM to be used shall give the
minimum realistic value of Tr . In case k; and GM have
not been calculated, the following approximate design

values may be used:

ky = 0408B
GM = 0.07 Bin general
= 0.12 B for tankers and bulk carriers
B = Breadth of ship [m], as defined in Section 1,

H.2.

Transverse acceleration due to roll is given by:

2

a 9( an R 2

Ry =Y T R [m/s?]
Tk
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Rr = Distance [m] from the centre of mass to the
axis of rotation. The roll axis of rotation may
be taken at a height zzr m above the baseline,
where

(217 o 127 wrichever e
Zr = 49 or 2 , Wnichever IS less.

In case KG value is not defined, height of weather deck
may be taken.

4. Longitudinal Acceleration
4.1 Acceleration along the ship’s longitudinal axis

is given as the combined effect of surge and pitch as
follows:

a, :\/ai +(gsin(p+apx) 2 [m/s?]
The surge acceleration is given by:
ay =0.2ga, [m/s?]
ao = Acceleration parameter as defined in 2.1.

Longitudinal acceleration due to pitch is given by:

2
2n [m/s?]

apy =@
PX Tp

The single pitch amplitude ¢, and the pitch period Tp,
are given in 2.1.

4.2 The pitch axis of rotation may be taken at the
cross-section 0.45L from AP, z meters above the baseline.
C. Static Local Loads

1. General

The following static local loads are considered:

- Static sea pressure,

- Static tank pressure,

- Tank overpressure,

- Static deck loads.

2. Static Sea Pressure Load

2.1 The external hydrostatic pressure is to be
applied proportional to the local distance to the still
waterline. For normal structural assessment the
minimum design ballast draught and maximum design
draught (scantling draught) are used to cover the most
critical situation.

The static sea pressure, Ps, is to be taken as:

2
P = pswd(T-2) [kN/m?]
psw = Density of sea water [1.025 t/m3],
z = Vertical coordinate of load point [m], not to be

greater than T, see Figure 5.4,

T = Draught in the loading condition being
considered [m],

b

Y 3 K Al>/

Figure 5.4 Static sea pressure distribution

3. Static Tank Pressure Load

3.1 For internal tanks, the internal tank pressure
in still water is to be applied proportional to the local
distance to the head of the tank with allowances for
possible overpressure, such as height of air pipes.

3.2 The static tank design pressure, Psr, is to be
taken as the greater of the following values:

3.2.1 The static tank design pressure for service
conditions:
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Psr =p gh; [kN/m?]

pL = Density of liquid in the tank, not to be taken
less than 1.025 t/m®

hiy = Vertical distance of load centre from highest

point of tank [m]

3.2.2 The static tank pressure in the case of
overfilling or filling during flow through ballast water
exchange, is to be taken as:

2
Pr, = pswah, [kN/m’]

hz = Distance of load centre from top of overflow
or from a point 2.5 m above tank top,
whichever is the greater. Tank venting pipes
of cargo tanks of tankers are not to be
regarded as overflow pipes.

3.2.3 The static tank testing pressure is to be taken
as:

Pr = pswdhy + Py [kN/m?]

h1 = As defined in 3.2.1.

pv = Setting of pressure relief valve, if fitted, is not

to be taken less than 25 kN/m?.

Smaller set pressures than 25 kN/m? may be
accepted in special cases. The actual set
pressure will be entered into the class
certificate.

3.24 The static pressure in compartments and
tanks in a flooded or damaged condition is to be taken

as:
Pr3 = pswOhe [kN/m?]
he = Vertical distance from the load point to the

deepest equilibrium waterline in damaged
condition obtained from applicable damaged
stability calculations or to freeboard deck if
the damaged waterline is not given,

hy+hy [m]

hair = Height of air pipe or overflow pipe [m], not to
be taken less than 2.5 m above highest point
of tank, excluding small hatchways. For tanks
with tank top below the weather deck the
height of air-pipe or overflow pipe is not to be
taken less than 2.5 m above deck at side.

3.3 Additional calculation may be required where
piping or pumping arrangements may lead to a higher

pressure.
4. Static Deck Load
4.1 The static load on cargo decks and hatch

covers is to be determined according to the following

formula:
Psc =pcghc [kN/m’]
pc = Density of cargo loading [t/ms]
= 0.7 t/m®for general cargo
= 0.5 t/m® for timber and coke deck cargo
hc = Height of cargo loading for exposed decks

and hatch covers, or mean tween deck height
for sheltered decks [m]

The static load on cargo decks and hatch covers is not
to be less than 15 kN/m®.

4.2 The static cargo load on the inner bottom is
to be determined as follows:

Psi = pcah [kN/m?]

pc = Density of cargo [t/m3] (not to be taken less
than 0.7 t/m?),

Mc

Weight of cargo in the hold [t],
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VH = Volume of the hold [m3] (hatchways
excluded),

h = Height of the highest point of the cargo above
the inner bottom when the hold is completely
filled [m].

4.3 The static cargo load of bulk cargoes is to be

determined by the following formula:

Psg =pcghn [KN/m?]
pc = Density of cargo as defined in 4.2.
h = Vertical distance in m from the load point to

the highest point of the hold including
hatchway in general.

n = sinzatan2(45°—lj+cosza
2

Q
1]

Angle between the structural element
considered and a horizontal plane [deg]

v = Angle of repose of the cargo [deg]
< 20° for light bulk cargo (e.g. coal, grain),
< 35° for heavy bulk cargo (e.g. ore);
4.4 The static deck load in accommodation and

service spaces may be taken:

Psa =5.0 kN/m?  for large  public  spaces
(restaurants, halls, cinemas,
lounges, etc)

Py =35 kN/m? for  cabins and  other

compartments
The static deck load in accommodation and service
spaces can be directly calculated but not to be taken

less than 2,5 kN/m?.

4.5 The static deck load on platform deck in
machinery spaces may be taken as:

Py =8 [KN/m?]

4.6  The static forces due to units of cargo are to be
determined as follows:

K =Mq9 [kN]
Mc = Mass of cargo unit [t]

4.7 Significant single forces are to be considered
by TL on a case by case basis

D. Dynamic Local Loads
1. General
11 This sub-section provides the envelope

values for wave pressure loads on side shell, bottom,
exposed decks and bow and stern structures. Also
provided are the dynamic loads on cargo decks,
accommodation and machinery decks and dynamic tank

pressure loads.
2. Wave Load on Side Shell

The external wave pressure load Pws on the ship’s
sides is to be determined according to 2.1 and 2.2.

2.1 For elements the load centre of which is
located below the waterline:

2.1.1 In head seas:

Pus = 1.2CWCS(CB + 0.7{1 + Z—g + %J [kN/m?]

B = Breadth of ship [m], as defined in Section 1,
H.2,

T = Draught of ship [m], as defined in Section 1,
H.2,

y = Horizontal distance between load centre and

centreline [m],

z = Vertical distance of the structure’s load

centre above base line [m],
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Cs = Moulded block coefficient, as defined in
Section 1, H.4, not to be taken less than 0.6,

Cw = Wave coefficient as defined in B.2.1,
Cs = Longitudinal pressure distribution coefficient,
given by.

0.7

Cs=1+— at AP and aft
Ce

Cs=1 between 0.2L and 0.7L from AP
1.5

Cg=1+ C_ at FP and forward

Between specified areas Cs shall be varied linearly.

2.1.2 In beam seas:

135y 2
Pys =1.8C (c +07)1+5 |+ [kN/m?]
we WATe I Tj B+75

2.2 For elements the load centre of which is

located above load waterline

221 In head seas:

Pus =1.2C,,Cq (CB + 0.7I3 + z—é’ - %j [KN/m?]

222 In beam seas:
135

Pys =3.6Cy (Cq +0.7)+ =210z -T) [kN/M?]
B+75

3. Wave Load on Bottom

The external wave pressure load on the ship’s bottom is
to be determined according to the following formula:

3.1 In head seas:

Pus =12C,,Cs(Cq + 0.7{“ Z_Byj kN’

3.2. In beam seas:

P, =1.8C (c +0.7)+135 y [kN/m?]
e WATB B+75

4, Wave Load on Weather Decks

4.1 The external wave pressure load on weather
decks is to be determined according to the following

formula:

Pwo = 0.-5psw (g + aVXSA - Z) [KN/m?]

av = Vertical acceleration at the load point as
defined in B.2.1.

z = Vertical distance from the waterline at

draught T to the load point (m)
The relative motion at the load point is given by:

Sa = H? +(X(p)2 [m]

Heave amplitude is given by:

az

H= [m]
2nlT
H
az = Vertical acceleration due to heave [m/sz]
Th = Heave period (s)
L
=18 |— Is]
g
0] = Pitch amplitude as defined in B.2.1.
X = Longitudinal distance of load point from pitch

axis of rotation 0,45L from AP (m)
(SA - z) is not to be taken less than 2 m.

For ships engaged in sheltered water service (assigned
with K6, L1 and L2 notations), the deck load on weather
decks is to be taken as Pp = 6 kN/m? unless a greater
load is required by the Owner.

4.2  Where deck cargo is intended to be carried on
the weather deck the dynamic load is to be taken as
greater of the following values:

- Wave pressure load determined according to 4.1.

- Dynamic cargo load determined according to 6.1.
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5. Wave Loads on Decks of Superstructures
and Deckhouses

5.1 The load on exposed decks and parts of
superstructure and deckhouse decks, which are not to
be treated as strength deck, is to be determined as

follows:

Poe = NPwp [kN/m?]

Pwo = Wave pressure load on weather deck

according to 4.1

z-D

n =1- , not to be taken less than 0.5.
Psw9

n = 1.0 for the forecastle deck

5.2 For deckhouses the wave pressure load

determined in 5.1 may be multiplied by the factor

0.7E +0.3
B!
b’ = Breadth of deckhouse [m],
B’ = Largest breadth of ship at the position con-

sidered [m].
Except for the forecastle deck the minimum wave
pressure load on decks of superstructures and deck

houses is to be taken as 4.0 kN/m?.

5.3 For exposed wheel house tops the load is not
to be taken less than 2.5 KN/m?.

6. Dynamic Loads on Cargo Decks

6.1 The dynamic load on cargo decks is to be
determined according to the following formula:

v [kN/m?]

Static cargo load as given in C.4.1 [kN/mz]

-

[

(@]
1

av = Vertical acceleration at the load point as

givenin B.2.1.

6.2  The dynamic loads due to single forces Fs (e.g.
in case of containers) are to be determined as follows:

a
Fo =Fs— [kN]
g

6.3 The dynamic pressure load due to bulk
cargoes is to be determined by the following formula:

a 2
Pos = Peg v [KN/m?]
g
Pss = Static bulk cargo load, as given in C.4.3.
6.4 The dynamic inner bottom cargo load is to be

determined as follows:

2y kN/m?
Por =Psi — fkN/m’]

Ps = Static bulk cargo load, as given in C.4.2.

For calculating ay the distance between the centre of
gravity of the hold and the aft end of the length L is to
be taken.

For inner bottom load in case of ore stowed in conical
shape, see Section 27.

7. Dynamic Loads on Accommodation and
Machinery Decks

7.1 The dynamic deck load in accommodation
and service spaces may be taken:

a
Py =5.0—- kN/m? For large public spaces
9 (restaurants, halls, cinemas,
lounges, etc),

a
Poa =3.5—% kN/m? For cabins and other

compartments.

7.2 The dynamic deck load on platform deck in
machinery spaces may be taken as:

a
Py =8.0-Y [kN/m?]
9
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8. Dynamic Loads on Tank Structures
8.1 Design pressure for filled tanks
8.1.1 The dynamic design pressure for filled tanks

in service condition is to be taken as:

Por = P, [av (ZTOP - z)+ ar(b/2- y)] [kN/m?]

pL = Density of liquid in the tank, not to be taken
less than 1.025 t/m®

Ztor = z coordinate of the top of the tank [m],

z = z coordinate of the load point [m],

av = Vertical acceleration [m/sz] as given in B.2,
ar = Transverse acceleration [m/sz] as given in B.3,
b = Upper breadth of tank [m],

y = Distance of load centre from the vertical

longitudinal central plane of tank [m].

8.1.2 Regarding the design pressure of fuel tanks
and ballast tanks which are connected to an overflow
system, the dynamic pressure increase due to the
overflowing is to be taken into account in addition to the
static pressure height up to the highest point of the
overflow system.

8.2 Design pressure for partially filled tanks

8.21 For tanks which may be partially filled
between 20% and 90% of their height, the design
pressure is not to be taken less than given by the

following formulae:

8.2.2 For structures located within {7/4 from the
bulkheads limiting the free liquid surface in the ship’s
longitudinal direction:

L 2
= 4-——— kN/m
Pr, [4 150}€Tanx +pV [ ]

pv = Setting of pressure relief valve according to
C.3.2.3

s = Distance [m] between transverse bulkheads
or effective transverse wash bulkheads at the

height where the structure is located.

4
Ny = 1-— Xy
Ly
X1 = Distance of structural element from the tank’s

ends in the ship’s longitudinal direction [m]
8.2.3 For structures located within bt / 4 from the

bulkheads limiting the free liquid surface in the ship’s
transverse direction:

B 2
P.. =[55-— b kN/m
T5 ( 20) TPLny+pV [ ]

br = Distance [m] between tank sides or effective

longitudinal wash bulkhead at the height
where the structure is located.

B 4
ny = 1-—vy,
by
V1 = Distance of structural element from the tank’s

sides in the ship’s transverse direction [m].

pv = Setting of pressure relief valve according to
C.3.2.3

8.24 For tanks with ratios {7/L>0.1 or b/B>0.6
direct calculation of the pressure, Ppr, may be required.
E. Impact Loads

1. Bow Impact Load

The design load for bow structures from forward to 0.1L
behind FP and above the ballast waterline in

accordance with the draft Tgep, is to be determined
according to the following formula:

P = O.35CW(O.4Vsina +0.6L )z [kN/m?]

Cw

Wave coefficient, as defined in B.2.1.

o = Flare angle at the load centre is to be measured
in the plane of frame between a vertical line and
the tangent to the side shell plating (See Figure
5.5).
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Teer = Smallest design ballast draught defined at
forward perpendicular for normal ballast
conditions [m]

For wunusual bow shapes Pjg can be specially
considered.

Pis shall not be smaller than wave pressure load, Pws,
given in D.2.2.

Area under
consideration

Centrepoint of the area
under consideration

Waterline at draught T

DN

-“-—_
Waterline at
draught T

X “Waterline at draught T
Section A- A

a may normally be taken as:

c
arctan [—j
z

Where z is the vertical extent of the area under consideration
and c is the horizontal extent of the area under consideration.

Figure 5.5 Determination of flare angle

Aft of 0.1L from FP up to 0.15L from FP the pressure
between Pig and Pws is to be graded steadily.

The design load for bow doors is given in Section 23,
B.3.

2. Stern Impact Load

The design load for stern structures from the aft end to
0.1L forward of the aft end of L and above the smallest
design ballast draught at the centre of the rudder stock
up to T+Cw/2 is to be determined according to the
following formula:

Ps=C,L [kN/m?]

Ca 0.36 In general

0.88 sin” a. For extremely flared sides where

the flare angle o is larger than

o

40
The flare angle a at the load centre is to be measured in
the plane of frame between a vertical line and the

tangent to the side shell plating.

Pis shall not be smaller than wave pressure load, Pws,
given in D.2.2.

3. Slamming Load

The bottom slamming pressure to be considered for the
reinforcement of the flat bottom forward is to be
obtained from the following formula:

forL<150 m

Py =80C,Cq VL(1+Cprg)

Py, =990C,Cq, (1.3-0.002L J1+Cprg)  forL>150m

0.2
T
C,=36-65 —2F 0<c <10
L
Terr = Asdefinedin 1.
Cs. = Distribution factor taken equal to (see Figure
5.6):
Cs=0 for % <05
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=05 for
L
CSL =
C,
Cs.=1.0 for
Cy =051+
st 035-C
2
C, =0.33C; +

X
0.5< — =£05+C,
L
X
0.5+C, < ES 0.65+C>»
X
for E > 0.65+C;

, to be taken not greater than
0.35.

Crs = Service range coefficient, as defined in B.2.

1.0 1

0.5

Csr

05 06 07 08 09 10 xL

Figure 5.6 Distribution factor Cs_

TURK LOYDU — HULL — JULY 2016



Section 6 — Longitudinal Strength 6-1

SECTION 6
LONGITUDINAL STRENGTH
Page
GENERAL DEFINITIONS ... ..ot e e ettt e e e e e e et e e e e e e e se et et eeeeeeseabanseeaeeessessaseneaeeesanres 6-3
1. Scope
2. Assumptions for Calculation, Loading Conditions
3. General Requirements
4. Definitions
STILL WATER, WAVE BENDING AND TORSIONAL MOMENTS AND SHEARFORCE ...........ccccccevvveveeenn. 6-4
1. General

2, Still Water Bending Moments and Shear Force

3. Wave Bending Moment, Shear Force and Torsional Moment

SECTION MODULI, MOMENTS OF INERTIA, SHEAR AND BUCKLING STRENGTH ............ccccccceiiiienee 6-8
1. Section Moduli As a Function of Longitudinal Bending Moments

. Minimum Midship Section Modulus

. Midship Section Moment of Inertia

. Calculation of Section Moduli

. Ships with Multi-Hatchways

. Shear Strength

. Proof of Buckling Strength

0 N o g b~ WODN

. Ultimate Strength Calculation of Ship’s Transverse Sections

DESIGN STRESSES .........ooiiiiiiiiiii ettt e ettt et e e st eeaae e e st eeesseeessteeasteessteesnseesnteeanseesnseeanseesnsennseennres 6-11
1. General

2. Normal Stresses in the Ship’s Longitudinal Direction

3. Shear Stresses

PERMISSIBLE STILL WATER BENDING MOMENTS .........ccccooiiiiiiiiiiieiiie e sseeestee e stee e stee e snaeesneee e 6- 15
1. Vertical Bending Moments

2. Vertical Shear Forces

3. Static Torsional Moments

SHIPS WITH LARGE DECK OPENINGS ..........ocoiiiiiiiiiieiie e ciee st se et e steesste e s nteeeseeasseeeseeassaeeseeessaeenseeens 6-17
1. General

2. Guidance Values for the Determination of the Section Modulus

3. Guidance Values for the Design of Transverse Box Girders of Container Ships

4. Guidance Values for the Displacement of the Upper Girder of the Ship

LONGITUDINAL STRENGTH OF HULL GIRDER IN FLOODED CONDITION FOR NON-CSR

BULK CARRIERS ......... .ottt ettt e et e e ettt e e e e et e e e ne e e e e amte e e e anteeeeamneeeeansaeeanneeeesnnneas 6- 19
1. General

2. Flooding Criteria

3. Flooding Conditions

LOADING GUIDANCE INFORMATION. ... oottt sttt sttt st e st e bt e et eeneeeneas 6- 20
1. General, Definitions

2. Conditions of Approval of Loading Manuals

3. Design Cargo and Ballast Loading Conditions

4. Conditions of Approval for Loading Instruments

5. Approval Procedures of Loading Instruments

6. Class Maintenance of Loading Guidance Information

TURK LOYDU - HULL - JULY 2016



6-2

Section 6 — Longitudinal Strength

LONGITUDINAL STRENGTH STANDART FOR CONTAINER SHIPS
1. General

2. Loads

3. Strength Assessment

4. Buckling Strength

5. Hull Girder Ultimate Strength

6. Additional Requirements for Large Container Ships

TURK LOYDU — HULL - JULY - 2016



A Section 6 — Longitudinal Strength 6-3

A. General Definitions
1. Scope
1.1 In this section rules related to longitudinal

strength calculations are given.

1.2 For ships of length 65 m and or above (ships in
category I-ll as defined in H,1.3), the scantlings of
longitudinal hull structure are determined on the basis of

longitudinal calculations.

For ships of length 65 m below, the minimum midship
section modulus according to C.2 is to be fulfilled.

1.3  Longitudinal strength calculations presented in
this section do not apply to ships with any of the
following characteristics:

- unusual type or design

- unusual form (e.g. L/B <5, B/H=2.5, L 2500 m,
Cg < 0.6)

- ships with large deck openings

- ships with large bow and stern flare and cargo
on deck in these areas

- carriage of heated cargoes
- v216+L [knots]

For ships having one or more characteristics above TL
may require determination of wave bending moments as
well as their distribution over the ship’s length by
approved calculation procedures. Such calculation
procedures must take into account heaving and pitching

motions in a natural seaway.

1.4 For bulk carriers with notation BC-A, BC-B or
BC-C (refer to Classification and Survey Rules for
definition of these notations) these rules are to be
complied with by ships contracted for construction on or
after 1 July 2003. For other ships, these rules are to be
complied with by ships contracted for construction on or
after 1 July 2004.

These rules do not apply to CSR Bulk Carriers and Oil
Tankers or to container ships to which item | is
applicable.

2. Assumptions for Calculation, Loading
Conditions

21  For determining the scantlings of the longitudinal
hull structure the maximum values of the still water
bending moments and shear forces are to be used. Still
water bending moments, Ms (kNm), and still water
shear forces, Fs (kN), are to be calculated at each
section along the ship length for design cargo and
ballast loading conditions as specified in A.2.3.

2.2 For these calculations, downward loads are
assumed to be taken as positive values, and are to be
integrated in the forward direction from the aft end of L.
The sign convention shall be applied for shear force and
bending moment as shown in Fig. 6.1.

— ] ]t 3
S ]~ §

Figure 6.1 Sign convention

2.3 The calculation of still water bending moments
and shear forces is to be carried out for the following
loading conditions:

- Departure condition,

- Arrival condition,

- Transitory conditions (reduced provisions and
ballast variations between departure and arrival).

- Ballasting and/or deballasting conditions

- Docking condition afloat

These general loading conditions are given in detail in
Section 26 for ship types.
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3. General Requirements

Where for ships of unusual design and form as well as
for ships with large deck openings a complex stress
analysis of the ship in the seaway becomes necessary,
the analysis will normally be done by using computer
programs or calculation methods approved by TL.

4. Definitions

k = Material factor according to Section 3, A.2.

Ces = Block coefficient as defined in Section 1, H.4.
Cw = Wave coefficient according to Section 5

CL = Length coefficient according to Section 5

X = Distance in [m] between aft end of length L

and the position considered

\% = Speed of the ship in [knots] according to
Section 1, H.5.
ly = Moment of inertia of the midship section in

[m4] around the horizontal axis

es = Distance in [m] between neutral axis of
section and base line

ep = Distance in [m] between neutral axis of
section and deck line at side

e, = Vertical distance of the structural element
considered from the horizontal neutral axis
[m] (positive sign for above the neutral axis,
negative sign for below)

Wg = Section modulus of section in [m3] related to
base line
Wp = Section modulus of section in [m3] related to

deck line at side

Sy(2) First moment of the sectional area
considered [m3], above or below,
respectively, the level z considered, and

related to the horizontal, neutral axis.

Mr = Total bending moment in the seaway in [KNm]
=  Msw + Mwy
Msw = Permissible vertical still water bending

moment in [kNm] (positive sign for hogging,
negative sign for sagging condition)

Mwy = Vertical wave bending moment [kNm]
(positive sign for hogging, negative sign for
sagging condition)

Mst = Static torsional moment in [kNm]
Mwr = Wave induced torsional moment in [KNm]
Mwn = Hozirontal wave bending moment [kNm]

(positive sign for tension in starboard side,
negative for compression in starboard side)

Qr = Total vertical shear force in the seaway in
[kN]
= Qsw + Quy
Qsw = Permissible vertical still water shear force in
[kN]
Qwv = Vertical wave shear force in [kN]
Qwn = Horizontal wave shear force in [kKN].

B. Still Water, Wave Bending and Torsional
Moments and Shear Force

1. General

In general the global loads on the hull in a seaway can
be calculated with the formulas stated below.

2. Still Water Bending Moments and Shear Force
21 General

Vertical still water bending moment and shear force
values are to be obtained by using a method and/or

computer program approved by TL for loading
conditions described in A, 2.3. Calculations shall be
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performed for intact (Msw, Qsw) and if required (see
G.1) damaged (Msws, Qsws ) conditions.

Depending on the ship’s structure and loading condition
torsional moments shall be considered.

Still water bending moment and shear force shall be
added to wave bending moment and shear force

defined in 3.

2.2 Guidance values for containerships with
random loading

2.2.1 Still water bending moments

When determining the required section modulus of the
midship section of containerships in the range:

X X
—=03 to —=0.55
L L

It is recommended to use at least the following initial

value for the hogging still water bending moment:

Mswini = N1-Cw - L% B-(0.213-0.015 - Cg)

2
n, =1.07- 1+15-(15) <12

10

n = According to 2.2.2
Mswini shall be graduated regularly to ship’s ends.
2.2.2 Static torsional moment

The maximum static torsional moment may be

determined by:

M__ =+20-B-JCC [kNm]
STmax
CC = Maximum permissible cargo capacity of the
ship [t]
= N-G
n = Maximum number of 20’-containers (TEU) of

the mass G the ship can carry

G = Mean mass of a single 20’-container [t]

For the purpose of a direct calculation the following
enveloping curve of the static torsional moment over the
ship’s length are to be taken:

Mst = 0.568 - MsTtmax (l CT1 | + CTZ) [kNm]

Ct1 - Ct2 = Torsional distribution factors, see 3.5

3. Wave Bending Moment, Shear Force and
Torsional Moment

3.1 Vertical Wave Bending Moments

The vertical wave bending moment is to be determined

by the following formula:

Hogging condition:

Mw = 0.19-L>-B-Cs-Cw- CL-Cu [KNm]
Sagging condition:

Mwy = -0.11- L% B-(Cg+0.7)  Cw-CL Cy [KNm]

Cw, CL = See Section 5, 2.3

Cwm = Distribution factor, see also Figure 6.2
Cwn = Hogging condition
X X
= 25— for0s —<04
L L
X
= 1.0 for0.4< — <0.65
. L
1.0 -— X
=_ L for0.65< — <1
0.35 L

Cuws = Sagging condition

Cus = Cv25% foros X <04

L L

= Cy for 0.4 < x<0.65-Cy

L

X

i [ 065-Cy .

= Cy-t—— for065-Cy<—<1
1-0.65-Cy, L
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C, = Influence with regard to speed v of the vessel 3.2
for L the value need not be less than 100

Vertical Wave Shear Forces

The vertical wave shear forces are to be determined by
Cy = 3 v >1,0 the following formula:
\1.44L
= 1.0 for damaged condition Qw=Cw-C_-L-B-(Cg+0.7) cqlkN]
Cu 4 .
Cw, CL = See Section 5, 2.3.
Cv i s
1.0 -
Cus. Cq = Distribution factor according to Table 6.1, see
also Fig. 6.3.
O
Cwh = 019-Cg, for hogging condition
i 0 BEnel™, | oz x‘llL _ . . "
; 04 D5 0.85%Cw 1.0 Cis = -0.11-(Cg+0.7), forsagging condition
_ S
Figure 6.2 Distribution factor Cy and influence m=- C
factor Cy 1S
Table 6.1 Distribution factor Cq
Range Positive shear forces Negative shear forces
X X X
0<—<0.2 1.38-m-— _ =
L m-r 1.38 L
02<><0.3
L 0.276 - m. -0.276
X X X
03<—<0.4 1.104-m-0.63+(2.1-2.76 -m) — -| 0.474-0.66 —
L L L
X
0.4£I< 0.6 0.21 -0.21
X X
0.6<-<07 (3Cv-2-1)(E-0-6)+0~21 -{1.47-1.8- m+3(m-0.7)%:|
X
0.7SE<0.85 0.3Cy -0.3 m.
. Leol 14X 11 |-20X +17 .
O.SSSESI.O 3 L L -2-m- 1_I
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Aoy (+)
03—
0.276.m-+-—— :
021 /1 42
0 ' x/L
0 085 10—

0.2104

0.3.m-
0.276]

Figure 6.3 Distribution factor Cq
3.3 Horizontal bending moments
Mwh =032 - L - QwHmax - Cm [kNm]
Cwm = See 3.1, butfor Cy =1
QwHmax = See 3.4
3.4 Horizontal shear forces

Qwimax = FCy-y/L-T-B-Cy-Cy -C, [kNJ

Cn = 1+0.15 L/B, Chmin = 2
QwH = QwHmax - CaH
cqn = Distribution factor, acc. to Table 6.2 see also

Figure 6.4

0 0l 03 04 0,6 0,7 0.8 1

Figure 6.4 Distribution factor Cqn

Table 6.2 Distribution factor Cqu

Range CaH
0<X<0.1 X
Lo 04+6-—
L
X
0.1<—<0.3 1
L
X X
03<—<04 1.0—5.(f_0,3)
L L
0.4<2<0.6 0.5
L
X
0.6<=<07 o.5+5-(3—o.6)
L L
0.7<=<08 1.0
L
08<2<1.0 1.0— 425 (370.8)
L L

3.5 Torsional moments

The maximum wave induced torsional moment is to be

determined as follows:

Mwrmax= £ L - B?- Cg* Cw- CL* (0.11 ++a’ +0.012 ) [KNm]

amin = 0.1
)
L B
Cyn =See34
Zaq = Distance [m] between shear centre and a level
at 0.2 B H 2bove the basis

When a direct calculation is performed, for the wave
induced torsional moments the following enveloping
curve is to be taken:

My; =FL-B”-Cp-Cy, -C, -Cyyy [kNm]

Cwr = Distribution factor, see also Figure 6.5
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CTI

Ct1, Cr2 = Torsion distribution factor as follow:

+0.22 - CTZ:I . (0.9+0.08 . a)

Cr1 = sin"’ (211 ij 0<> <025 icin
L L
) X X ..
- sin| 2n— 0.25<—<1.0 i¢in
L L

. X X ..
Cr2 =  sin| t— 0<—<0.5 i¢in
L L

.2 X X ..
= sin | T— 0.5<—<1.0 i¢in
L L

Cwr
a=05
3 ; a=0,35
0,4 f-ofe flonn erreeeees S o gL N
%> a=0,1 ;
02 ;
0,1 P x
H H ;. L
0,0 0,5 1,0

Figure 6.5 Distribution factor Cwr
C. Section Moduli, Moments of Inertia, Shear and
Buckling Strength

1. Section Moduli As a Function of Longitudinal

Bending Moments

11 The section moduli related to deck Wp
respectively Wp' or bottom are not to be less than:

[ |

3
Wo=f—5 [m’]
6p10
fr = 1.0
fr = 1.1 for ships with large openings

Mr = Msw + Mwy

Ships, for which also at damaged condition sufficient
longitudinal strength is to be proved, the section

modulus is not to be less than

Mgy + 0.8-M
WV
W, = 3 [m’]
G ‘10
p
See B.2.1 and G.
Op = Permissible hull girder bending stress in
IN/mm?]
Op = Cs * Opo
oo = 89+L for L<90m.
k
Gpo = 175 for L2290 m.
k
for0 < <03
X
Cs=1.0 for 0.3s— <07
L

5 X
Cs=7| 13-+ for 0.7< X <1.0

3 L L
Cs = Permissable stress distribution factor of Ship

Hull See also Fig. 6.6.

1.2 The required section moduli have to be fulfilled

inside and outside 0.4L amidships in general. Outside
0.4L particular attention is to be paid for the following

locations:

- in way of the forward end of the engine room

- in way of the forward end of the foremost cargo
hold

- at any locations where there are significant

changes in hull cross-section
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- at any locations where there are changes in the
framing system

- for ships with large deck openings such as
containerships, locations at or near 0.25 L and
0.75L

- for ships with cargo holds aft of the
superstructure, deckhouse or engine room,
sections in way of the aft end of the aft-most hold
and in way of the aft end of the superstructure,
deckhouse or engine room

1.3  For the ranges outside 0.4 L amidships the factor
may be increased up to Cs=1.0, if this is justified under
consideration of combined stresses due to longitudinal
hull girder bending (including bending due to impact
loads), horizontal bending, torsion and local loads and

under consideration of buckling strength.

1,1

]
oy (!
T N
i 7]\

G5

Cs

¢ g1 02 02 04 05 65 07 02 09 1

%L

Figure 6.6 cs Stress distribution factor
2. Minimum Midship Section Modulus

21 The section modulus related to deck and bottom

is not to be less than the following minimum value:
Woin = k- Cy L2 B - (Cg + 0.7) - 10° | [m?]

Cw = According to Section 5, for unlimited service
range (Cgrs = 1.0).

2.2 The scantlings of all continuous longitudinal
members based on the minimum section modulus

requirement are to be maintained within 0.4 L amidships.

However, in special cases, based on consideration of
type of ship, hull form and loading conditions, the
scantlings may be gradually reduced towards the end of
the 0.4 L part, bearing in mind the desire not to inhibit

the vessel's loading flexibility.

2.3 In ships where part of the longitudinal strength
material in the deck or bottom area are forming
boundaries of tanks for oil cargoes or ballast water and
such tanks are provided with an effective corrosion
protection system, certain reductions in the scantlings of
these boundaries are allowed. These reductions,
however, should in no case reduce the minimum hull

girder section modulus for a new ship by more than 5%.
3. Midship Section Moment of Inertia

The moment of inertia related to the horizontal axis is
not to be less than

ly=3 -10%-W- Lk [m'

Note:

For W see 1. and/or 2.1, the greater value is to be taken.
4. Calculation of Section Moduli

41 The bottom section modulus Wg and the deck
section modulus Wp are to be determined by the
following formula:

Wg=l/es [m]
Wp=1l,/ep [m’]

Continuous structural elements above ep (e.g. trunks,
longitudinal hatch coamings, decks with a large
camber, longitudinal stiffeners and longitudinal
girders arranged above deck, bulwarks contributing to
longitudinal strength etc.) may be considered when
determining the section modulus, provided they have
shear connection with the hull and are effectively
supported by longitudinal bulkheads or by rigid
longitudinal or transverse deep girders.

The fictitious deck section modulus is then to be

determined by the following formula:
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W =1,/e'p [m’]

]
w)
1}

' z-(0,9+0,2-y/B) [m]

z = Distance in [m] from neutral axis of the cross
section considered to top of continuous

strength member,

y = Distance in [m] from center line to top of
continuous strength member.

It is assumed that e'p > ep.

For ships with multi-hatchways see 5.

4.2 When calculating the midship section modulus
openings of continuous longitudinal strength members
may be taken into account.

Large openings, i.e. openings exceeding 2,5 m. in
length or 1,2 m. in breadth and scallops, where scallop-
welding is applied, are to be deducted from the
sectional areas used in the section modulus calculation.
Smaller openings (manholes, lightening holes, single
scallops in way of seams etc.) need not be deducted
provided that the sum of their breadths or shadow area
breadths in one transverse section is not reducing the
section modulus at deck or bottom by more than 3 %
and provided that the height of lightening holes, draining
holes and single scallops in longitudinals or longitudinal

girders does not exceed 25 % of the web depth, for

scallops 75 mm. at most.

A deduction-free sum of smaller opening breadths in
one transverse section in the bottom or deck area of
0,06 (B - b) may be considered equivalent to the

above reduction in section modulus by 3 %.

B = Breadth of the ship at the considered

transverse section [m]

b = Sum of breadth of large openings [m]

The shadow area is obtained by drawing two tangent

lines with an opening angle of 30°, see Figure 6.7.

Considered transverse
| section

Shadow area

| Ineffective width

Figure 6.7 Shadow area

Guidance:
In case of large openings local strengthening may be required
which will be considered in each individual case (see also

Section 7, D.5).

5. Ships with Multi-Hatchways

5.1 For the determination of section moduli 100 %
effectivity of the longitudinal hatchway girders between
the hatchways may be assumed, if an effective

attachment of these girders is given.

5.2 An effective attachment of the longitudinal

hatchway girder must fulfill the following condition:

The longitudinal displacement f. of the point of
attachment due to action of a standard longitudinal force
P is not to exceed

fL=020 [mm]

L = Length of ftransverse hatchway girder
according to Fig. 6.8 [m].

PL=10-Awc [kN]

Alc = Entire cross sectional area of the longitudinal

hatchway girder in [cmz]
See also Fig. 6.8.
Where the longitudinal displacement exceeds f =//20,

special calculation of the effectivity of the longitudinal

hatchway girders may be required.
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5.3 For the permissible composed stress see Section
8D.
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Figure 6.8 Ship with multi-hatchways

6. Shear Strength

The shear stress in longitudinal structures due to the
vertical transverse forces Q7 acc. to E.2 and E.3 must
not exceed 110/k N/mm?>.

For ships with large deck openings and/or for ships with
large static torsional moments, also the shear stresses
due to Mstmax have to be considered adversely, i.e.

increasing the stress level.

For ships, where also in damaged condition sufficient
strength is to be proved, the shear forces Qsw: and
0.8-Qwv are to be assumed. The shear stress must not
exceed 110/k N/mm?.

The shear stress are to be determined according to D.3.

7. Proof of Buckling Strength

All longitudinal hull structural elements subjected to
compressive stresses resulting from My according to
E.1 and Qr according to E.2 are to be examined for
sufficient resistance to buckling according to Section 3,
F. For this purpose the following load combinations are

to be investigated:

- Mtand 0.7 - Qt

- 0.7 - Mt and Qr.

The stresses are to be calculated according to. D.

8. Ultimate Strength Calculation of the Ship’s
Transverse Sections

In extreme conditions the calculation of the ultimate
strength of ship’s transverse sections may be required
by TL. In this case the structural members which are
included in the longitudinal strength shall be
incorporated in the calculations and the scantlings of the
longitudinal structural members shall be determined
accordingly. Progressive collapse analysis can be used
as the calculation method.

D. Design Stresses

1. General

Design stresses for the purpose of this rule are global
load stresses, which are acting:

As normal stresses oy in ship’s longitudinal direction:

- For plates as membrane stresses

- For longitudinal profiles and longitudinal girders
in the bar axis

Shear stress 1. in the plate level:

The stresses o. and t_ are to be considered in the
formulas for dimensioning of plate thicknesses (Section
7, C. Section 12, B.) longitudinal (Section 8) and grillage
systems (Section 8).

The calculation of the stresses can be carried out by an
analysis of the complete hull. If no complete hull analysis
is carried out, the most unfavorable values of the stress
combinations according to Table 5.3 are to be taken for
oL and. t_ respectively. The formulae in Table 5.3
contain osw, owv, owH, ost and owt according to 2. and

Tsw, Twy, TwH, TsT and twr according to 3. as well as:

fe

Weighting factor for the simultaneousness of
global and local loads.

0.8 for dimensioning of longitudinal structures
according to Sections 3 and 7 to 12
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For = 075+ X, 1- X fatigue strength
L L . .
calculations according to
Section 3, D.
fp = Probability factor according to Section 5.
fonn = 075 forQ=10"°
Note :

Jp is a function of the planned lifetime. For a lifetime of n>20
years, f, may be determined by the following formula for a

strength-line spectrum of seaway-induced stress ranges:

2-107

n

fp=—0.125-log

For greatest vertical wave bending moment:
o'wy =(0.43 +C) * Owvhog
Twyv = (0.43 +C) * Twvhog
For smallest vertical wave bending moment:

o'wyv =[043+C-(0.5-C)]- OwVhog
+ C - (0.43+C) - Owvsag

twy =[0.43+C - (0.5-C)]- TWVhog
+ C - (0.43+C) - twvsag

2
X
C=|—-05
L

For the preliminary determination of the scantlings, it is

Note :

generally sufficient to consider load case 1, assuming the
simultaneous presence of oy, and 15, but disregarding

stresses due to torsion.

The stress components (with the proper signs: tension
positive, compression negative) are to be added such,

that for o_ and 1. extreme values are resulting.
1.1  Buckling strength
For structures loaded by compression or shear forces,

sufficient buckling strength according to Section 3, C. is

to be proved.

Table 6.3 Load cases and stress combinations

Load case Design stresses oy, L

Ol1ta =0sw + osT +fy - owy

L1 T1a =07 tsw+tsT+0.7 - f -ty
oL =0.7 - osw+ost+0.7 - fp- owy

L1b
T =Tsw + TsT + - Twy

L2a Olza =0sw * ost + - (0.6 - owy + owh)
Tza =07 tsw+1st+0.7-f- (0.6 - twy + twH)

Lob op  =0.7 - osw+ost+0.7 - (0.6 - owy + own)
Tob  =tsw + 15T + fp - (0.6 - Twy + Twh)

L3a o3a  =Tfr - [osw + osT + T ('wv + owH + owrT)]
Ta =fF - {0.7 - tsw + ts7 + - [0.7 - (Twv + twh)* Twrl}

L3b oz =fr - {0.7 - osw + os7 + fp - [0.7 - (c'wv + own)+ owrl}
T3 =fr - [tsw + tsT + fo - (Twy + TwH + TwT)]

Lla,b = Load caused by vertical bending and static torsional moment.

L2a, b =
L3a, b =

Laod caused by vertical and horizontal bending moment as well as static torsional moment.

Load caused by vertical and horizontal bending moment as well as static and wave induced torsional moment.
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1.2 Permissible stresses

The equivalent stress from o and 1. is not to exceed
the following value:

190
Oy =+4/0 +3-7 ST [N/mmz]

1.3 Structural design

1.3.1 In general, longitudinal structures are to be
designed such that they run through transverse structures

continuously. Major discontinuities have to be avoided.

If longitudinal structures must be staggered, sufficient
shifting elements shall be provided.

1.3.2 The required welding details and classifying of
notches result from the fatigue strength analysis
according to Section 3, D.

In the upper respectively lower ship girder, for the
welding joints the detail categories see Table 3.31 shall
not be less than

(M WVhog — MWVsag )
(4825-29-n)-1

€,

2
AGpin = [N/mm ]

y

Vertical wave bending moment for
hogging and sagging according to
B.3.1.

MWVhog, MWVsag

n = Expected life time of the ship = 20 [years].

2, Normal Stresses in the Ship’s Longitudinal
Direction

21 Normal stresses from vertical bending

moments

211 Statical from Msw:

M - € 2
Osw :SW—; [N/mm ]
I -10
y
Msw = Still water bending moment according to A.4.

at the position x/L

ly = Moment of inertia [m4] of the transverse ship
section considered around the horizontal axis

at the position x/L

e, = Vertical distance of the structure considered
from the horizontal neutral axis [m]

21.2 Dynamical from Myy:

M e
Oyy =——*% [N/mmz]
y -10
2.2 Normal stresses due to horizontal bending

moments

Dynamical from Mww:

M - € 2
Owh = —Lf [N/mm ]
I,-10
Mwn = Horizontal wave bending moment according

to B.3.3 at the position x/L

I = Moment of inertia [m4] of the transverse ship
section considered around the vertical axis at

the position x/L

ey = Horizontal distance of the structure
considered from the vertical, neutral axis [m]
ey is positive at the port side, negative at the
starboard side.

2.3 Normal stresses from torsion of the ship’s
hull

When assessing the cross sectional properties the
effect of wide deck strips between hatches constraining
the torsion may be considered, e.g. by equivalent plates
at the deck level having the same shear deformation as

the relevant deck strips.
2.31 Statical from Mstmax:

For a distribution of the torsional moments according to
B.2.2.2, the stresses can be calculated as follows:
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Le = Characteristic torsion length [m]

0.65-Cry, - Mgrpay - O 2
ogr = Tor STma 1 (1 —— j[N/mm2] 5

A1, -10° e +1

- _ 1 L
—2.¢,. 1_(1_Ej. B__| lL.c for S<5284
Mstmax= Maximum static torsional moment according
toB.2.2.2

Cror, lw, Wi, A, €, 3, I, Cg, xa see 2.3.2

For other distributions the stresses have to be

determined by direct calculations.
X, X, | X
C. = 08——"+|05+25-— |- —
L L L
2.3.2 Dynamical from Mwtmax:
X XA
for 0<—<04 and 0<—/<04
C., M -, 2
G . — Tor WTma)3( i (1_ j [N/mmz] L L
W A1, 10 U et 1
X
Mwrmax = According to B.3.5 = 1 for  04<r<0.55
1 X X
X =l-—— | —-0.55 for 0.55<—<1
Cror = 4,(@ _01),3 for 0< X <025 045 (L L
B /L L
X XA = 0 for ships without cargo hatches
= {Cp —0.1 for 0255 — <065

= Distance [m] between the aft end of the

X length L and the aft edge of the hatch
= \/CB_O'1 (1 x) for 0.65< Es1 9 9

035 —E forward of the engine room front bulkhead on

ships with cargo hatches, see also Fig. 6.11

Sectorial of inertia moment [m6] of the ship’s

transverse section at the position x/L 3. Shear Stresses
w; = Sectorial coordinate [m’] of the structure Shear stress distribution should be calculated by
considered calculation procedures approved by TL. For ships with
multi-cell transverse cross sections (e.g. double hull
» = Warping value ships), the use of such a calculation procedure,
especially with non-uniform distribution of the load over
_ L [l/ ] the ship’s transverse section, may be stipulated.
V261, M
3.1 Shear stress due to vertical shear forces
Ir = Torsional moment of inertia [m4] of the ship’s
transverse section at the position x/L For ships without longitudinal bulkheads or with 2
longitudinal bulkheads, the distribution of the shear
e = Euler number (e = 2.718...) stress in the shell and in the longitudinal bulkheads can
be calculated with the following formula:
a = A Le
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Statical from Qsw:

S
Ty —QS"I“—.:(Z) (0.5-0) [N/mmz]
y

Dynamical from Quwy:

Qwv : Sy (z)
Twv = I -t
y

2
-(0.5-a) [N/mm ]
Sy(z) = First moment of the sectional area considered
[m3], above or below, respectively, the level z
considered, and related to the horizontal

neutral axis.

t = Thickness of side shell plating respectively of

the longitudinal bulkhead considered [mm]
o = 0 for ships without longitudinal bulkheads

If two longitudinal bulkheads are arranged:

o = 0.16 +0.08 - Ag/AL for the longitudinal
bulkheads
a = 0.34-0.08-As/AL for the side shell
As = Area of cross section of the shell within depth
H [m?]
AL = Area of cross section of longitudinal bulkhead

within the depth H [m?].
For ships of normal shape and construction, the ratio
S,/ly determined for the midship section can be used for
all cross sections.
3.2 Shear stress due to horizontal shear forces
3.1 is to be applied to correspondingly.
3.3 Shear stresses due to horizontal moments

Statical from MsTtmax:

For a distribution of the torsional moments according to

B.2.2.2, the stresses can be calculated as follows:

T =0.65 Cp - Mgpo Is—mt [N/mmz]
i
Cror = According to D.2.3.2
Mstmax = According to B.2.2.2
Mwtmax = According to B.3.5
lw = According to D.2.3.2
Swi = Statical sector moment [m4] of the structure
considered

ti = Thickness [mm] of the plate considered

For other distribution the stresses have to be
determined by direct calculations.

Dynamical from MwTtmax:

S, 2
Twr = CTor ’ MWTmax ’ I OJlt |:N/mm il
o i

E. Permissible Still Water Bending Moments
1. Vertical Bending Moments
The permissible still water bending moments according

to B.2.1 for any section within the length L are to be

determined by the following formulae:

Msw = MT - fc- va [kNm]
fe = Dynamic impact factor
fe =1

0.8 ; damaged case

0.5 ; Offshore terminal conditions

0.1 ; Harbor conditions
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From the following two values for Mr:

31
M, =0 ~WD(a) -10 ? [KNm]
or
31
M, =0y -WB(a) -10 ? [kNm]
T

the smaller value is to be taken.
Wp = Actual section modulus in the deck [ m3]
Wg = Actual section modulus in the bottom [ m3]

Op, 0'p= Longitudinal bending stress [N/mm2] for the

ship’s upper girder
= Osw* Owv

OB = Longitudinal bending stress [N/mm2] for the

ship’s upper girder
= Osw* Owv
Osw, Owyv longitudinal stress according to D.2.

f

1.0 (in general).

According to F.2 for ships with large deck

openings
In the range between x/L = 0.3 and x/L = 0.7 the
permissible still water bending moment shall generally
not exceed the value obtained for x/L = 0.5.
2. Vertical Shear Forces
The permissible still water shear forces according to
B.2.1 for any cross section within the length L are to be
determined.

By the following formula:

st = QT— fc . QWV [kN]

Qr = Permissible total shear force in [kN], for
which the permissible shear stress t© = tsw +
wwv Will be reached but not exceeded at any

point of the section considered.
T = Permissible shear stress [N/mm2]
Qwv = According to B.3.2
For dynamic impact factor f., see 1.
For harbor and offshore terminal conditions, see 1.
21 Correction of Still Water Shear Force Curve
In case with empty cargo holds, the conventional shear
force curve may be corrected according to the direct
load transmission by the longitudinal bottom structure at
the transverse bulkheads. See also Fig. 6.9
2.2 The supporting forces of the bottom grillage at
the transverse bulkheads may either be determined

by direct calculation or by approximation, according
to 2.3

/_ corrected shsar
force curve

conventional
chear forge clirve
AQg

Figure 6.9 Correction of shear force curve

2.3 The sum of the supporting forces of the bottom
grillage at the aft or forward boundary bulkhead of the
hold considered may be determined by the following

formula
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AQ=u-P-v-T* [kN]
P = Mass of cargo or ballast in [t] in the hold
considered, including any contents of bottom
tanks within the flat part of the double bottom

T = Draught in [m] at the center of the hold

u,v = Correction coefficients for cargo and buoy-

ancy as follows:

10-x-¢-b-h
uoo= RO Ny
\%
v = 10-x-/-b [kN/m]
B
KT 23.(B+0)
L = Length of the flat part of the double bottom in
[m]
b = Breadth of the flat part of the double bottom
in [m]
h = Height of the hold in [m]
Vi = Volume of the hold in [m?].
3. Static Torsional Moments

The permissible static torsional moments have to be

determined according to D.1.

31 For ships with torsional moments according to
B.2. it has to be proved by means of the loading
computer, that the maximum permissible values are
exceeded at no location. Excess values are permissible,
if the actual torsional moments at the adjacent
calculation points are correspondingly less than the

permissible values.

Unless shown by a particular proof, during loading and
unloading the static torsional moments shall not be
higher than 75 % of the wave induced torsional moment

according to B.3.5.

F. Ships with Large Deck Openings
1. General
11 From the displacement of the ship’s upper girder,

additional bending moments and forces are resulting in the
deck girders around its vertical axes. After consultation with
TL the stresses resulting from that have to be calculated
for the longitudinal and transverse girders and to be taken
into account for the dimensioning. The calculation of these
stresses can be dispensed with, if the guidance values
according to 2. and 3. are observed.

1.2 A ship is regarded as one with large deck
openings if one of the following conditions applies to
one or more hatch openings:

b. = Breadth of hatchway, in case of multi-
hatchways, b is the sum of the individual
hatchway-breadths (Fig.6.10)

0 = Length of hatchway (Fig.6.10)

Bu = Breadth of deck measured at the mid length
of hatchway (Fig.6.10)

om = Distance between centers of transverse deck
strips at each end of hatchway. Where there
is no further hatchway beyond the one under
consideration, /v will be specially considered.

(Fig.6.10)
| i -
[ |
( n (
| =
0
¥

] ! )

fif2 #i/2

Figure 6.10 Scantling of hatch opening
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2. Guidance Values for the Determination of

the Section Modulus

The section moduli of the transverse sections of the

ship are to be determined according to C.

fis selected according to Figure 6.11.

fr

Figure 6.11 Correction factor f, and distribution

factor C,

3. Guidance Values for the Design of Transverse
Box Girders of Container Ships

The scantlings are to be determined by using the

following design criteria:

- Support forces of hatch covers, see Section 8, D.

- Support forces of the containers stowed in the
hold place (e.g. due to longitudinal acceleration)

- Stresses due to the torsional deformations of the
hull

- Stresses resulting from the water pressure, if the
transverse box girder forms part of a watertight
bulkhead see Section 11.

In general the plate thickness shall not be less than
obtained from the following formula see also Fig. 6.12:

.
\ |
t A t
N AN R SN I
{3 | ;‘.é )
t T | t
L A I -
ety e R
)

T ‘L\-\---—A-a :
Sy ﬂ
SN

Figure 6.12 Joint of the transverse box girder

t, = \/I [mm]
or
t;,=0.5-t¢9 [mm]
to = Thickness of longitudinal hatch coaming or of
the uppermost strake of the longitudinal
bulkhead
t, =0.85- \/E [mm]
or
t, =12-a [mm]
a = Spacing of stiffeners in [m].

The larger of the values t; or t; is to be taken.

L need not be taken greater than 200 m.

For coamings on the open deck see also Section 8,D.

4. Guidance Values for the Displacement of
the Upper Girder of the Ship

In general, the relative displacement Au between the
ship sides is to be determined by direct calculations.
For the dimensioning of hatch cover bearings and
seals, the following value may be used for the

displacement:
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6 ( ) L
Au=— Mgy +M J1-—
105 STmax WTmax ( 450J

Lz
. 4+0.1—2 ¢, +20 [mm]
B

MsTmax, MwTmax acc. to B.2.2.2 or B.3.5, respectively

Cu = Distribution factor according to Fig. 6.11.
Ca = Value for ¢, at the aft part of the open
region, see also Fig. 6.11
L 3-X,
= 1.25—— || 1.6 - <1.0
400 L
XA = According to D.2.3.1 for xa no smaller value
than 0.15 L and no greater value than 0.3 L
is to be taken
G. Longitudinal Strength of Hull Girder in

Flooded Condition for Non-CSR Bulk Carriers
1. General

Requirements of G are to be applied to non-CSR bulk
carriers of 150 m in length and upwards, intending to
carry solid bulk cargoes having a density of 1,0 t/m® or

above, and with,
- Single side skin construction, or

- Double side skin construction in which any
part of longitudinal bulkhead is located within
B/5 or 11.5 m, whichever is less, inboard from
the ship’s side at right angle to the centreline
at the assigned summer load line

Such ships are to have their hull girder strength
checked for specified flooded conditions, in each of the
cargo and ballast loading conditions defined in Section
26 B.2 (Standard Loading Conditions), Section 6
H.3.1.1 (Partially filled ballast tanks in ballast loading
Conditions), H.3.1.2 (Partially filled ballast tanks in
combination with cargo loading conditions) and in every
other condition considered in the intact longitudinal

strength calculations, including those according to
Section 6 and Section 27 B.10, except that harbour

conditions, docking condition afloat, loading and
unloading transitory conditions in port and loading
conditions encountered during ballast water exchange
need not be considered.

These requirements do not apply to CSR Bulk Carriers.

The required moment of inertia according to C.3 and the
strength of local structural members are excluded from

this proof.
For accessibility see Section 1.
2. Flooding Criteria

To calculate the weight of ingressed water, the following

assumptions are to be made:

- For the permeability of empty cargo spaces and
volume left in loaded cargo spaces, see Section
26, E.6.

- Appropriate permeabilities and bulk densities are
to be used for any cargo carried. For iron ore, a
minimum  permeability of 0.3 with a
corresponding bulk density of 3.0 tm® is to be
used. For cement, a minimum permeability of 0.3
with a corresponding bulk density of 1.3 t/m? is to
be used. In this respect, permeability for solid
bulk cargo means the ratio of the floodable
volume between the cargo parts to the gross
volume of the bulk cargo.

- For packed cargo conditions (such as steel mill
products), the actual density of the cargo should
be used. For the permeability has to be
harmonized case by case with TL except for the

case given in Section 26.
3. Flooding Conditions
Each cargo hold is to be considered individually flooded

up to the equilibrium waterline. This does not apply for
cargo holds of double hull construction where the
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double hull spacing exceeds 1000 mm, measured
vertically to the shell at any location of the cargo hold
length.

The wave induced vertical bending moments and shear
forces in the flooded conditions are assumed to be
equal to 80% of the wave loads, as given in B.3.1 and
B.3.2.

H. Loading Guidance Information

1. General, Definitions

1.1 A loading guidance information is a means in
accordance with Regulation 10 (1) of ICLL 66. which
enables the master to load and ballast the ship in a safe

manner without exceeding the permissible stresses.

1.2  An approved loading manual is to be supplied for
all ships except those of Category Il with length less
than 90 m in which the deadweight does not exceed 30
% of the displacement at the summer loadline.

In addition, an approved loading instrument is to be
supplied for all ships of Category | of 100 m. in length
and above. In special cases, e.g. extreme loading
conditions or unusual structural configurations, TL may
also require an approved loading instrument for ships of
Category | less than 100 m. in length. Special
requirements for bulk carriers, ore carriers and

combination carriers are given in Section 27.

1.3  The following definitions apply:

A loading manual is a document which describes:

- The loading conditions on which the design of the
ship has been based, including permissible limits
of still water bending moment and shear force
and shear force correction values and, where
applicable, permissible limits related to still water
torsional moment and lateral loads.

- The result of the calculations of still water
bending moments, shear forces and where
applicable, limitations due to torsional and lateral
loads, see also E;

- The allowable local loading for hatch covers,
decks, double bottom, etc.

A loading instrument is (1) an approved analog or
digital instrument consisting of

- Loading computer (hardware), and

- Loading program (software)

by means of which it can be easily and quickly
ascertained that, at specified read-out points, the still
water bending moments, shear forces, and the still
water torsional moments and lateral loads, where
applicable, in any load or ballast condition will not

exceed the specified permissible values.

An approved operational manual is always to be
provided for the loading instrument. The operational

manual is to be approved.

Loading computers must be type tested and certified,
see also 5.1. Type approved hardware may be waived,
if redundancy is ensured by a second certified loading
instrument. Type approval is required if

- The computers are installed on the bridge or in

adjacent spaces

- Interfaces to other systems of ship operation are
provided.

For type approval the relevant rules and guidelines are
to be observed.

Loading programs must be approved and certified, see
also 4.1 and 5.2. Single point loading programs are not

acceptable.

Ship categories for the purpose of this paragraph are
defined for all classed seagoing ships of 65 m. in length
and above which are contracted for construction on or
after 1st July 1998 as follows:

(1) For definition of whole loading computer system,
which may consist of further modules e.g. stability
computer according to IACS UR L5, see TL Rules
Hull, Section 26.

TURK LOYDU - HULL - JULY 2016



H Section 6 — Longitudinal Strength 6-21

Category | Ships:

Ships with large deck openings where, according to F.,
combined stresses due to vertical and horizontal hull
girder bending and torsional and lateral loads have to
be considered.

Ships liable to carry non-homogeneous loadings,
where the cargo and/or ballast may be unevenly
distributed.

Ships less than 120 meters in length, when their design
takes into account uneven distribution of cargo or

ballast, belong to Category II.

Chemical tankers and gas carriers.

Category Il Ships:

Ships with arrangement giving small possibilities for
variation in the distribution of cargo and ballast (e.g.
passenger vessels) and ships on regular and fixed
trading patterns where the loading manual gives
sufficient guidance, and in addition those exceptions

given under Category I.

2. Conditions of Approval of Loading Manuals

The approved loading manual is to be based on the final
data of the ship. The manual is to include the design
loading and ballast conditions upon which the approval
of the hull scantlings is based.

Paragraph A.2.3 and Section 26 contain a list of the
loading conditions which normally are to be included in
the loading manual.

In case of modifications implying changes in the main
data of the ship, a new loading manual is to be issued
approved.

The loading manual must be prepared in a language
understood by the users, if this language is not English,
a translation into English is to be included.

3. Design Cargo and Ballast Loading Conditions

3.1 In general the loading manual should contain the

design loading and ballast conditions, subdivided into

departure and arrival conditions and where applicable,
ballast exchange at sea conditions upon which the

approval of the hull scantlings is based.

Where the amount and disposition of consumables at
any transitory stage of the voyage are considered to
result in a more severe loading condition, calculations
for such transitory conditions are to be submitted in

addition to those for departure and arrival conditions.

Also, where any ballasting and/or deballasting is
intended during voyage, calculations of the transitory
conditions before and after ballasting and/or
deballasting any ballast tank are to be submitted and,
after approval, included in the loading manual for
guidance.

3.1.1 Partially filled ballast tanks in ballast loading
conditions

Ballast loading conditions involving partially filled peak
and/or other ballast tanks at departure, arriving or
during transitory conditions are not permitted to be
considered as design conditions, unless

- Design stress limits are not exceeded in all filling

levels between empty and full;

- For bulk carriers, where applicable, the
requirements of G. are complied with for all filling

levels between empty and full

To demonstrate compliance with all filing levels
between empty and full, it will be acceptable if, in each
condition at departure, arrival and where required by A,
2.3 and section 26 any intermediate condition, the tanks

intended to be partially filled are assumed to be:

- Empty,

- Full,

Partially filled at intended level.

Where multiple tanks are intended to be partially filled,
all combinations of empty, full or partially filled at

intended level for those tanks are to be investigated.
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However, for conventional ore carriers with large wing
water ballast tanks in cargo area, where empty or full
ballast water filling levels of one or maximum two pairs
of these tanks lead to the ship's trim exceeding one of
the following conditions, it is sufficient to demonstrate
compliance with maximum, minimum and intended
partial filling levels of these one or maximum two pairs
of ballast tanks such that the ship's condition does not

exceed any of these trim limits.

Filling levels of all other wing ballast tanks are to be
considered between empty and full.

The trim conditions mentioned above are:

Trim by stern of 0.03 L, or

- Trim by bow of 0.015 L, or

- Any trim that can not maintain propeller immersion
(I/D) not less than 25% (See Figure 6.13)

The distance from propeller centerline to the

waterline

&)
I

Propeller diameter

4 e
(Y

Figure 6.13 Propeller Inmersion

The maximum and minimum filling levels of the above
mentioned pairs of side ballast tanks are to be indicated
in the loading manual.

3.1.2 Partially filled ballast tanks in combination

with cargo loading conditions

In such cargo loading conditions, the requirements in
3.1.1 apply to the peak tanks only.

Requirements of 3.1.1 and 3.1.2 are not applicable to
ballast water exchange using the sequential method.
However, bending moment and shear force calculations
for each (reasonable, scantling determining)
deballasting or ballasting stage in the ballast water
exchange sequence are to be included in the loading
manual or ballast water management plan of any vessel
that intends to employ the sequential ballast water
exchange method.

4. Conditions of Approval for Loading
Instruments

41 The approval of the loading instrument is to
include:

- Verification of type approval, see 1.3.

- Verification that the final ship data have been
used,

- Acceptance of number and position of read-out
points,

- Acceptance of relevant limits for all read-out
points,

- Checking of proper installation and operation of
the instrument on board and that a copy of the

approved operation manual is available.

4.2 Paragraph 5 contains information on approval
procedures for loading instruments. (2)

4.3 In case of modifications implying changes in the
main ship data, the loading instrument is to be modified
accordingly and to be newly approved.

4.4 The operation manual and the instrument output
must be prepared in a language understood by the
users. If this language is not English, a translation into
English is to be included.

(2) For details see IACS Recomendation 48, TL Rules,
Hull, Section 26.
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4.5 The operation of the loading instrument is to
be verified upon installation. It is to be checked that
approved test conditions and the operation manual

for the instrument are available on board.

The permissible limits for the still water bending
moments and shear forces to be applied for the
ballast water exchange at sea are to be determined
in accordance with E. For the wave bending
moments B.3.1 and for the wave shear forces B.3.2

are to be used.

5. Approval Procedures of Loading

Instruments

5.1 Type test of the loading computer

The type test requires:

- The loading computer to undergo successful
tests in simulated conditions to prove is
suitability for shipboard operation,

- The testing of a design may be waived if a
loading instrument has been tested and
certified by an independent and recognized
authority, provided the testing program and

result are considered satisfactory.

5.2 Certification of the loading program

5.2.1 After the successful type test of the hardware
the producer of the loading program must ask TL for

certification.

5.2.2 The number and location of read-out points
are to be to the satisfaction of the TL.

Read-out points shall be usually selected at the
positions of the transverse bulkheads or other
obvious boundaries. Additional read-out points may
be required between bulkheads of long holds/tanks.

5.2.3 The TL will specify:
- The maximum permissible still water shear

forces, bending moments (limits) at the

agreed

read-out points-when applicable, the shear
force correction factors at the transverse
bulkheads,

- When applicable, the maximum permissible

torsional moment,

- Also when applicable the maximum lateral

load.

5.2.4 For approval of the loading program the
following documents have to be submitted:

- Operation manual for the loading program,

- Print-outs of the basic ship data like
distribution of light ship weight, tank and hold
data, etc.

- Print-outs of at least 4 test conditions,

- Discettes with loading program and stored test
conditions.

The calculated strength results at the fixed
read-out points must not differ from the results
of the test conditions by more than 5% related

to the approved limits.

5.3 Final approval of the instrument will be
granted when the accuracy of the instrument has
been checked in the presence of the Surveyor after
installation on board ship using the approved test

conditions.

If the performance of the instrument is found
satisfactory, during the installation test on board, the
certificate issued by TL Head Office and handed over
on board will become valid. The Installation Test
Report should be stamped and signed by the Master.

During the next six months after the issue of
certificate, the Installation Test Report has to be
checked by TL surveyor. He has to stamp and sign it,
if all documents are available on board, the
Installation Onboard Test has been carried out
satisfactorily and the system is running without any
problem.
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6. Class Maintenance of Loading Guidance
Information

At each Annual and Class Renewal Survey, it is to be
checked that the approved Iloading guidance
information is available on board.

The loading instrument is to be checked for accuracy
at regular intervals by the ship’s Master by applying
test loading conditions.

At each Class Renewal Survey this checking is to be
done in the presence of the Surveyor

1. Longitudinal  Strength  Standard for
Container Ships

1. General

11 Application

1.1.1 Scope

This section applies to the following types of steel
ships with a length L of 90 m and greater and

operated in unrestricted service

1. Container ships

2, Ships dedicated primarily to carry their load in
containers.

1.1.2 Load limitations

The wave induced load requirements apply to
monohull displacement ships in unrestricted service

and are limited to ships meeting the following criteria:

(i) Length 90m=<L=<500m

(i) Proportion 5<L/B<9 2<B/T<6

(iii) Block coefficient at scantling draught
0.55=<Cp 0.9

For ships of length 290 m or above, Global Analysis

is to be carried out.(See also Additional Rule for
Longitudinal Strength Assessment of Container
Ships, F)

For ships of length 150 m or above, Cargo Hold
Analysis is to be carried out. (See also Additional
Rule for Longitudinal Strength Assessment of
Container Ships, F)

For ships that do not meet all of the aforementioned
criteria, special considerations such as direct
calculations of wave induced loads may be required by
TL.

1.1.3  Longitudinal Extent of  Strength
Assessment

The stiffness, yield strength, buckling strength and hull
girder ultimate strength assessment are to be carried
out in way of 0.2L to 0.75L with due consideration
given to locations where there are significant changes
in hull cross section, e.g. changing of framing system
and the fore and aft end of the forward bridge block in

case of two-island designs.

In addition, strength assessments are to be carried
out outside this area. As a minimum assessments are
to be carried out at forward end of the foremost cargo
hold and the aft end of the aft most cargo hold.
Evaluation criteria used for these assessments are
determined by TL.

1.2 Symbols and Definitions

1.21 Symbols

L = Rule length, in m, as defined in Section 1

B = Moulded breadth, in m, as defined in
Section 1

Cp = Wave parameter, see 2.3.1

T = Scantling draught, in m, as defined in
Section 1
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Cwp = Waterplane coefficient at scantling draught,
to be taken as:

_ Aw
W (LB)
Aw = Waterplane area at scantling draught, in m?

ReH = Specified minimum vyield stress of the
material, in N/mm?
E = Young’s modulusin N/mm? to be taken as

E = 2.06*10° N/mm? for steel

Mswmax Mswmin = Permissible maximum and minimum
vertical still water bending moments in
seagoing condition, in kNm, at the cross
section under consideration, see 2.2.2

Qswmax, Qswmin = Permissible maximum and
minimum still water vertical shear force in
seagoing condition, in kN, at the cross

section under consideration, see 2.2.2

qv = Shear flow along the cross section under
consideration, to be determined according to
Additional Rule for Longitudinal Strength
Assessment of Container Ships, C

fL-Hog = NON-linear correction factor for hogging, see
23.2

fuL-sag = NoON-linear correction factor for sagging, see

232

fR = Factor related to the operational profile, see
2.32

tnet = Netthickness, in mm, see Additional Rule for

Longitudinal  Strength  Assessment of
Container Ships, B

tres = Reserve thickness, to be taken as 0.5mm,
see Additional Rule for Longitudinal Strength

Assessment of Container Ships, B

Inet = Net vertical hull girder moment of inertia at
the cross section under consideration, to be

determined using net scantlings as defined in
Additional Rule for Longitudinal Strength

Assessment of Container Ships, B, in m*

6ye = Hull girder bending stress, in N/mmz, as
defined in 2.5

Ty = Hull girder shear stress, in N/mm?, as
defined in 2.5

X = Longitudinal co-ordinate of a location under

consideration, in m

z = Vertical co-ordinate of a location under
consideration, in m

zn = Distance from the baseline to the horizontal

neutral axis, in m.

1.2.2 Fore end and aft end

The fore end (FE) of the rule length L, see Figure 6.14,
is the perpendicular to the scantling draught waterline
at the forward side of the stem.

The aft end (AE) of the rule length L, see Figure 6.14,
is the perpendicular to the scantling draught waterline
at a distance L aft of the fore end (FE).

2. Loads

21 Sign convention for hull girder loads

The sign conventions of vertical bending moments and
vertical shear forces at any ship transverse section are
as shown in Figure 6.15, namely:

. The vertical bending moments Mgy and
Mwy are positive when they induce tensile
stresses in the strength deck (hogging
bending moment) and negative when they
induce tensile stresses in the bottom

(sagging bending moment).
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FE

I
@)\ Y

L/2

L/2

A A

Figure 6.14 Ends of length L

. The vertical shear forces Qsw, Qwv are po sitive
in the case of downward resulting forces acting
aft of the transverse section and upward resulting
forces acting forward of the transverse section
under consideration. The shear forces in the

directions oppos ite to above are negative

2.2 Still Water Bending Moments and Shear
Forces

2.21 General

Still water bending moments, Msw in kNm, and still
water shear forces, Qsw in kN, are to be calculated
at each section along the ship length for design

loading conditions as specified in 2.2.2.

222 Design Loading Conditions

In general, the design cargo and ballast loading
conditions, based on amount of bunker, fresh water
and stores at departure and arrival, are to be
considered for the Msw and Qsw calculations.
Where the amount and disposition of consumables
at any intermediate stage of the voyage is
considered more severe, calculations for such
intermediate conditions are to be submitted in
addition to those for departure and arrival conditions.
Also, where any ballasting and/or de-ballasting is
intended during voyage, calculations of the
intermediate condition just before and just after

ballasting and/or de-ballasting any ballast tank are to

be submitted and where approved included in the
loading manual for guidance.

The permissible vertical still water bending moments
Mswmax and Mswmin and the permissible vertical
still water shear forces Qswmax and Qswmin in
seagoing conditions at any longitudinal position are

to envelop:

. The maximum and minimum still water
bending moments and shear forces for the
seagoing loading conditions defined in the

Loading Manual.

° The maximum and minimum still water
bending moments and shear forces
specified by the designer

The Loading Manual should include the relevant
loading conditions, which envelop the still water hull
girder loads for seagoing conditions, including those
specified in Section 6, H.2.

2.3 Wave loads

2.3.1 Wave Parameter

The wave parameter is defined as follows

(o
Cp=1- 150 - L

forl = m
‘.' L, J '

(5
Cp=1-0.45 \
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where :
L = Reference length, in m, taken as
Lret = 315Cwhi for the determination of vertical
wave bending moments according to 2.3.2
-1.3
Lref = 330Cwpifor the determination of vertical

wave shear forces according to 2.3.3
2.3.2 Vertical Wave Bending Moments

The distribution of the vertical wave induced bending
moments, Mw in kNm, along the ship length is given
in Figure 6.17, where:

B\ 08
My _pog = +1.5frL*CpCy, (z) fNL-Hog

B\08
MW—Sag = _1-5fRL3CPCW (z) fNL—Sag
where :
fr: = Factor related to the operational profile, to
be taken as:
fr =0.85

Zt

Bending
Moments :

fL-Hog Non-linear

correction for hogging, to be taken as:

f c not to be taken
NL—H0g=0.3‘L\/7
Cypr greater than 1.1
f 1+0.2f not to be taken
NL-Sag=4.5
0.3
CWPLVCBL greater than 1.1
feow: = Bow flare shape coefficient, to be taken as
f, — Abk—Awlr
Bow 0.2Lzp
ADK = Projected area in horizontal plane  of
uppermost deck, in m? including the
forecastle deck, if any, extending from
0.8L forward (see Figure 6.16). Any other
structures, e.g. plated bulwark, are to be
excluded
AwL = Waterplane area, in m2, at draught T,

extending from 0.8L forward

Vertical
waterline at draught T to the uppermost

distance, in m, from the

deck (or forecastle deck), measured at
FE (see Figure 6.16).
structures, e.g. plated bulwark, are to be

Any other

excluded

Aft

Shear H
forces :

Aft

Fore

Fore

Figure 6.15 Sign conventions of bending moments and shear forces
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The distribution of the vertical wave induced shear
forces, Fw in kN, along the ship length is given in

Figure 6.18, where

Vertical wave shear force

Deck

. B
FyMid = +4.0fRL2cpcw(E 08

2.4 Load cases

For the strength assessment, the maximum hogging
and sagging load cases given in Table 6.4 are to be
checked. For each load case the still water condition
at each section as defined in 2.2 is to be combined
with the wave condition as defined in 2.3, refer also

to Figure 6.19.

B
Fw ﬁi)tg = +5.2fRL2Cpr(E)O'8 03+ 0'7fNL_HOg)
B
Fw g‘(’;: = —5.7fRL2CpCW(I)0'8 fNL-Hog
Fo AR _ _cop 120 Blos 0.3 + 0.7,
Wsag = = U“R™ &p W(L) (034 07iN1-s1g)
Fu ::: = +5.7fRLZCpr(%)0'8 (0.25 + 0-75fNL—Sag)

Forecastle deck

Deck

S

Z

Waterline

Z
Waterline

Waterline
T T
0,8L - Fle 0,3L -

Forecastle de
/ Deck ;
E

Figure 6.16 Projected area A, and vertical distance z;
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Figure 6.17 Distribution of vertical wave bending moment Myy along the ship length
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Figure 6.18 Distribution of vertical wave shear force Qwy along the ship length
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Table 6.4 Combination of still water and wave bending moments and shear forces
Bending moment Shear force
Load case
Msw Mw Qsw Qwv
) Fsmax for x <0.5L Fwmax for x < 0.5L
[Hogging Mswmax Mwh
Fsmin for x > 0.5L Fwmin for x > 0.5L
Fsmin for x <0.5L Fwmin for x < 0.5L
Sagging Mswmin Mws
Fsmax for x > 0.5L Fwmax for x > 0.5L
IMwH = Wave bending moment in hogging at the cross section under consideration, to be taken as the positive]
value of My, as defined in Figure 6.17.
IMws = Wave bending moment in sagging at the cross section under consideration, to be taken as the negative]
value of My, as defined Figure 6.17.
IQwvmax=  Maximum value of the wave shear force at the cross section under consideration, to be taken as
the positive value of Fy as defined Figure 6.18.
IQwvmin = Minimum value of the wave shear force at the cross section under consideration, to be taken as the]
negative value of Fy as defined Figure 6.18.

Msw My Csw Qwy
Hogging
1 I
/_\ N /_\ - i s [ -
AE FE AE FE AE |\/ FE AE 'r\_/FE
i i
Msw Mwiv Qsw Qv
i i
AE FE AE\_/ FE A H FE &\_/_: FE
Sagging

Figure 6.19 Load combination to determine the maximum hogging and sagging load cases as given in Table 6.4
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25 Hull Girder Stress

The hull girder stresses in N/mm® are to be
determined at the load calculation point under
consideration, for the *hogging” and “sagging”
load cases defined in 2.4 as follows:

Bending stress :

— YsMswHywMwy Z-z )10_3
n

OnG I
net

Shear stress :

+
Tye = 18 QswHrwlwv 13

tnet /qv
where:
vs, Yw = Partial safety factors, to be taken as:
vs =1.0
yw=1.0
3. Strength Assessment
3.1 General

Continuity of structure is to be maintained throughout
the length of the ship. Where significant changes in
structural arrangement occur adequate transitional

structure is to be provided.

3.2 Stiffness Criterion

The two load cases “hogging” and “sagging” as listed
in 2.4 are to be checked. The net moment of inertia, in
m*, is not to be less than

Inet > 1.55 | Msw + Mwy | 107
33 Yield Strength Assessment
3.31 General Acceptance Criteria
The vyield strength assessment is to check, for each
of the load cases "hogging” and "sagging” as defined
in 2.4, that the equivalent hull girder stress ceq, in

N/mmz, is less than the permissible stress ocpem, in
N/mmz, as follows:

Oeq < Operm
Where :
o, =40; +37°
REH
O-pg.-'m = .
Ve
v1 = Partial safety factor for material, to be taken
as
Y=k ReH
17235
y2 = Partial safety factor for load combinations

and permissible stress, to be taken as

. v2 = 1.24, for bending strength assessment

according to 3.3.2.

. y2 = 113, for shear stress assessment
according to 3.3.3.

3.3.2 Bending strength assessment
The assessment of the bending stresses is to be

carried out according to 3.3.1 at the following
locations of the cross section:

. At bottom

* At deck

. At top of hatch coaming

° At any point where there is a change of steel

yield strength

The following combination of hull girder stress as

defined in 2.5 is to be considered:

Ox = OHG

t=0

3.3.3  Shear Strength Assessment

The assessment of shear stress is to be carried out

according to 3.3.1 for all structural elements that

contribute to the shear strength capability.
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The following combination of hull girder stress as
defined in 2.5 is to be considered

4, Buckling Strength

4.1 Application

These requirements apply to plate panels and
longitudinal stiffeners subject to hull girder bending
and shear stresses.

Definitions of symbols used in the present article item
4 are given in Additional Rule for Longitudinal
Strength Assessment of Container Ships, D,
"Buckling Capacity”.

4.2 Buckling criteria

The acceptance criterion for the buckling assessment
is defined as follows:

Nact=< 1

where:

Nact = Maximum utilisation factor as defined in 4.3.
4.3 Buckling utilisation factor

The utilization factor, nact is defined as the inverse of
the stress multiplication factor at failure y. see figure
6.20.

1
Naer =—
¢

Failure limit states are defined in:

. Additional Rule for Longitudinal Strength
Assessment of Container Ships, D.2 for

elementary plate panels,

. Additional Rule for Longitudinal Strength
Assessment of Container Ships, D.3 for

overall stiffened panels,

. Additional Rule for Longitudinal Strength
Assessment of Container Ships, D.4 for
longitudinal stiffeners.

Each failure limit state is defined by an equation, and
Yc is to be determined such that it satisfies the

equation.

Figure 6.20 illustrates how the stress multiplication
factor at failure y;, of a structural member is
determined for any combination of longitudinal and
shear stress. Where:

ox,t = Applied stress combination for buckling
given in 4.4.1
oc,1c = Critical buckling stresses to be obtained

according to Additional Rule for
Longitudinal Strength Assessment of
Container Ships, D for the stress
combination for buckling ox and t .

/|

T Failure limit state curve
T

Stress

Ye Th-mmmmmmemmeom Epplied T at failure
F o T sress
>
Oy ¥e O 070,

Figure 6.20 Example of failure limit state curve
and stress multiplication factor at

failure

4.4 Stress determination

441 Stress combinations for buckling
assessment

The following two stress combinations are to be
considered for each of the load cases "hogging” and
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"sagging” as defined in 2.4. The stresses are to be
derived at the load calculation points defined in 4.4.2

a) Longitudinal stiffening arrangement:

Stress combination 1 with:

Ox = OHG
oy=0
1=0,7tHe

Stress combination 2 with:

Ox = 0.7 OHG
Oy = O
T = THG

b) Transverse stiffening arrangement: Stress

combination 1 with:

ox=0
Oy = OHG
1=07 THG

Stress combination 2 with

4.4.2 Load calculation points
The hull girder stresses for elementary plate panels
(EPP) are to be calculated at the load calculation

points defined in Table 6.5.

The hull girder stresses for longitudinal stiffeners are
to be calculated at the following load calculation point:

° at the mid length of the considered stiffener.

° at the intersection point between the stiffener
and its attached plate

5. Hull Girder Ultimate Strength

5.1 General

The hull girder ultimate strength is to be assessed for

ships with length L equal or greater than 150m.

The acceptance criteria, given in 5.4 are applicable to

intact ship structures.

The hull girder ultimate bending capacity is to be
checked for the load cases "hogging” and "sagging”
as defined in 2.4.

ox=0
Oy =07 OHG
T= THG
Table 6.5 Load calculation points (LCP) coordinates for plate buckling assessment
LCP Hull girder bending stress Hull girder shear

coordinates Non horizontal plating

Horizontal plating stress

X coordinate

Mid-length of the EPP

y coordinate

Both upper and lower ends of the

EPP ends of the EPP (points A1
and A2 in Figure 6.21) 6.21)

(points A1 and A2 in Figure 6.21)

Outboard and inboard

Mid-point of EPP
(point B in Figure

z coordinate

Corresponding to x and y values
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Considered
transverse
section
— - _ __ I_ -
I
|
A2 |42
LB o 8

Longitudinal Framing

Considerad
transverse
section

A2 PSM | |AZ

|
|
|
B, |
|
-
-
Al PSM |41 \
o | _E
>

Transverse Framing

Figure 6.21 LCP for plate buckling — assessment, PSM stands for primary supporting members

5.2 Hull girder ultimate bending moments
The vertical hull girder bending moment, M in
hogging and sagging conditions, to be considered in

the ultimate strength check is to be taken as:

M = Vs Msw+Ywav

where:

Msw = Permissible still water bending moment, in
kNm, defined in 2.4

Mw = Vertical wave bending moment, in kNm,
defined in 2.4.

vs = Partial safety factor for the still water
bending moment, to be taken as:

vs=1.0
yw = Partial safety factor for the vertical wave

bending moment, to be taken as:
yw=1.2

5.3 Hull girder ultimate bending capacity

5.3.1 General

The hull girder ultimate bending moment capacity, M,
is defined as the maximum bending moment capacity
of the hull girder beyond which the hull structure

collapses.

5.3.2 Determination of hull girder ultimate

bending moment capacity

The ultimate bending moment capacities of a hull
girder transverse section, in hogging and sagging
conditions, are defined as the maximum values of the
curve of bending moment M versus the curvature x of
the transverse section considered (Myn for hogging
condition and Mys for sagging condition, see Figure
6.22). The curvature x is positive for hogging

condition and negative for sagging condition.
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M
A . .
Hogging condition

Ml H

Xy

Yoo

X

Sagging condition

Figure 6.22 Bending moment M versus curvature x

The hull girder ultimate bending moment capacity M, is
to be calculated using the incremental-iterative method
as given in 2 of Additional Rule for Longitudinal Strength
Assessment of Container Ships,E. or using an
alternative method as indicated in 3 of Additional Rule
for Longitudinal Strength Assessment of Container
Ships,E.

5.4 Acceptance criteria

The hull girder ultimate bending capacity at any hull

transverse section is to satisfy the following criteria:

v <My
VM7 DB
where:
M = Vertical bending moment, in kNm, to be

obtained as specified in 5.2.

My = Hull girder ultimate bending moment capacity,

in kNm, to be obtained as specified in 5.3.

yv = Partial safety factor for the hull girder ultimate
bending capacity, covering material, geometric
and strength prediction uncertainties, to be
taken as:
ym=1.05

yos = Partial safety factor for the hull girder ultimate
bending moment capacity, covering the effect

of double bottom bending, to be taken as:

. For hogging condition: yoe = 1.15

. For sagging condition: yoe = 1.0

For cross sections where the double bottom breadth of
the inner bottom is less than that at amidships or where
the double bottom structure differs from that at
amidships (e.g. engine room sections), the factor vpg for
hogging condition may be reduced based upon
agreement with TL.

6. Additional requirements for large container
ships
6.1 General

The requirements in 6.2 and 6.3 are applicable, in
addition to requirements in item 3. to 5., to container
ships with a breadth B greater than 32.26 m.

6.2 Yielding and buckling assessment

Yielding and buckling assessments are to be carried out
in accordance with the Rules of TL, taking into
consideration additional hull girder loads (wave torsion,
wave horizontal bending and static cargo torque), as
well as local loads. All in-plane stress components (i.e.
bi-axial and shear stresses) induced by hull girder loads
and local loads are to be considered.

6.3 Whipping
Hull girder ultimate strength assessment is to take into

consideration the whipping contribution to the vertical

bending moment according to TL procedures.
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. Bottom Plating Thickness

. Minimum Thickness

. Keel Plate

. Bilge Plating

. Bottom Plating Forward
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. Inner Bottom Plating
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1. General

2. Side Shell Plating Thickness

3. Minimum Thickness

4. Sheer Strake Plating

5. Bow and Stern Plating

6. Side Plate Thickness for Harbour and Tug Manoeuvres

7. Side Plating of Superstructures

8. Side Plating in Way of Propellers and Propeller Shaft Brackets
9. Bilge Keels
10. Openings in the Shell Plating
11. Bulwarks
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1. General

. Strength Deck Plating

. Deck Stringer Plate

. Minimum Thickness

. Openings in the Strength Deck

. Buckling Strength

. Lower Decks

0 N o g b~ WODN

. Helicopter Decks
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A

A. Introduction
1. General
1.1 In this section requirements to bottom, side

and deck shell plating are given.

1.2 Bottom, side and deck plating is to be of not
less thickness than is required for purposes of
longitudinal hull girder strength given in Section 6; nor is

it to be less than is required by this section.

1.3 Buckling strength of bottom, side and deck
plating is to be verified in accordance with the

requirements of Section 3, C.

1.4 The plate thicknesses are to be tapered
gradually, if different. Gradual taper is also to be
effected between the thicknesses required for
strengthening of the bottom forward as per B.6 and the

adjacent thicknesses.

1.5 Rounding off the required scantlings of
structural members shall be made in the direction of
increase. Plate thickness shall be rounded off to the

nearest 0.5 or integer of millimetres.

1.6 Unless expressly provided otherwise, the

plate thickness shall not be less than 4 mm.

2, Definitions

a = Width of smaller side of plate panel [m]

aL = Spacing of floors or transverse stiffeners
[mm],

av = \Vertical acceleration [m/s2], as defined in
Section 5, B.2,

As = Sectional area of face bar [cmz]

b = Width of larger side of plate panel [m],

bu = Breadth of hatchway(s) [m],

b, = Distance of longitudinal stiffener from bilge

corner [mm],

B

fi

fa

Fr

Fv

Fw

hs

hps

hor

Me

Ship breadth [m], as defined in Section 1,
H.2,

Wave coefficient, as defined in Section 5,
B.2,

Diameter of opening on the strength deck

[em],

Distance between helicopter wheels or skids

[m],

Wheel print area [cm2]

Coefficient of curvature of the panel, equal to:

1 —21 , to be taken not less than 0.75
r

Coefficient of aspect ratio of the plate panel,

equal to:

2
1.1- O,S(EJ ,to be taken not greater than 1.0
l

= Plate panel area [m?]
= Horizontal force [kN]
= Vertical force [kN],

= Wind load [kN],

= Maximum permissible helicopter take-off
weight [kN],

= Height of bulwark [m],
= Double bottom height [m],

= Distance from top of overflow pipe to inner
bottom [m],

= Material factor according to Section 3, A,
= Ship length [m], as defined in Section 1, H.2,

= Weight of helicopter deck [kN],
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Pp

Ppa

Poi

Pom

Pur

Pis

Pis

Ps

Psa

PsL

Psm

Pws

Pws

Specific wheel pressure [bar]

Applicable design pressure load [kN/mz],
Dynamic pressure load [kN/mz],

Dynamic deck load in accommodation and
service spaces [kN/m2], as defined in Section

5, D.7,

Dynamic cargo pressure load on inner
bottom [kN/m2], as defined in Section 5, D.6,

Dynamic deck load in machinery spaces
[kN/m?], as defined in Section 5, D.7,

Design impact force [kN],

Bow impact load [kN/mZ], as defined in
Section 5, E.1,

Stern impact load [kN/mz], as defined in
Section 5, E.2,

Static sea pressure load [kN/mz], as defined
in Section 5, C.2,

Static deck load in accommodation and service

spaces [kN/mZ], as defined in Section 5, C.4,

Static cargo pressure load on inner bottom
[kN/m?], as defined in Section 5, C.4,

Slamming load on bottom in the forebody
[kN/m?], as defined in Section 5, E.3,

Static deck load in machinery spaces [kN/mZ],

as defined in Section 5, C .4,

Wave pressure load on bottom [kN/mz], as
defined in Section 5, D.3,

Wave pressure load on side shell, [kN/mZ], as
defined in Section 5, D.2,

Axel load [kN],

Radius of curvature [m],

R

Sg

ts

ts,sw

to

trk

tk

tmin

tminsw =

ts

ts,sw

Terp

Vw

N

Bilge radius [m],

Length of the shorter side of the elementary
plate panel [m],

Spacing of stays [m],

Plate thickness [mm],

Thickness of the bottom shell plating [mm],
Thickness of the bottom shell plating for
Ships engaged in Sheltered Water Service
(Assigned with the Notations K6, L1 and L2)
[mm],

Required thickness of strength deck [mm],

Thickness of the flat plate keel [mm],

Corrosion addition [mm], according to
Section 3, B,

Minimum plate thickness [mm],

Minimum shell plating thickness for Ships
engaged in Sheltered Water Service
(Assigned with the Notations K6, L1 and L2)
[mm],

Required thickness of side shell [mm],
Thickness of the side shell plating for Ships
engaged in Sheltered Water Service
(Assigned with the Notations K6, L1 and L2)

[mm],

Smallest design ballast draft at the forward
perpendicular [m],

Wind velocity [m/s],
Ship speed [kn], as defined in Section 1, H.5,
Section modulus [cms],

Safety factor,
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corresponding to lateral pressure is not to be less than:

P, + P
ty =156 £, |5 WB ¢
Gp [mm]

where:

fy

Coefficient of curvature of the panel, equal to:

S
1—— , to be taken not less than 0.75
2r

ﬁ
1]

Radius of curvature [m].

7-4 Section 7 - Plating A,B
{ = Length of the longer side of the elementary fo = Coefficient of aspect ratio of the plate panel,
plate panel [m], equal to:
2
o = Length of hatchway in [m], =1.1-05 (Ej ,{o be taken not greater than 1.0
l
oo = Bending stress [N/mm?],
{ = Length of the longer side of the elementary
Gp = Allowable stress of the material [N/mm?], plate panel, measured along the chord [m],
Oq = Transverse compression stress [N/mmz], s = Length of the shorter side of the elementary
plate panel, measured along the chord at
T = Shear stress [N/mm?], mid-span of £ [m],
A = Displacement of the ship [t]. Ps = Still water pressure load on bottom [kN/m?],
as defined in Section 5, C.2,
B. Bottom Plating
Pwe = Wave pressure load on bottom [kN/mZ], as
1. General defined in Section 5, D.3,
1.1 The thickness of outer and inner bottom Gp = Allowable stress of the material [N/mm2],
plating shall be determined in accordance with the 120
requirements specified in 2-8. = T within 0.4L amidships
1.2 Thickness of bottom plating in the forebody = @ within 0.1L from the perpendiculars
shall be additionally checked for slamming pressure as k
specified in 6. Between specified regions the allowable stress,
cp, Mmay be varied linearly.
1.3 In addition the buckling strength of bottom
plating shall be verified in accordance with the k = Material factor according to Section 3, A,
requirements of Section 6, C and Section 3, C.
tk = Corrosion allowance according to Section 3, B,
2, Bottom Plating Thickness
2.2 Bottom Plating Thickness for Ships
21 The thickness of the bottom shell plating engaged in Sheltered Water Service (Assigned with

the Notations K6, L1 and L2)

2.21 The thickness tg sw of bottom plating is not to
be less than determined by the following formula:

¢ —13 a L-T[ ]
Bsw = L. 2o H mm

ts,sw is not to be less than minimum thickness tminsw
determined in the item B.3.3

ao = standard frame spacing [m], defined as:

L
=—+ 04
ER 500+08
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222 For ships having flat bottoms the thickness is
to be increased by 0.5 mm.

223 The thickness within 0.05 L from the forward
and aft end of the length L may be 1.0 mm less than the
value determined by according to item B.2.2.1.

224 Strengthening of the bottom forward

according to item B.6 is not required.
3. Minimum Thickness

31 At no point the thickness of the bottom shell
plating shall be less than:

L
toin = (1.5 - —jx/Lk

100 [mm] forL<50m

[mm] forL=50 m

ton = VLk

min

3.2 For bulk carriers see Section 27, for tankers
see Section 28.

33 For ships engaged in sheltered water service
(assigned with the notations K6, L1 and L2), the
minimum thickness tmin,sw is defined as:

tminySW = 35 [mm]

4, Keel Plate

41 A keel plate shall extend over the complete

length of the ship. The width of the flat plate keel is not
to be less than:

b =800+ 5L [mm]
4.2 The thickness of the flat plate keel is not to
be less than:

tpg =tg +2.0 [mm]  within 0.7L amidships including
the engine room

ek = g [mm]  otherwise

ts = Thickness of the bottom plating [mm]

according to 2 — 3.

4.3 For ships exceeding 100 m in length, the
bottom of which is longitudinally framed, the flat plate
keel is to be stiffened by additional longitudinal
stiffeners fitted at a distance of approximately 500 mm
from centre line. The sectional area of one longitudinal
stiffener should not be less than 0.2L cm?.

4.4 Where a bar keel is arranged, the adjacent

garboard strake shall have the scantlings of a flat plate

keel.
5. Bilge Plating
5.1 The thickness of the bilge strake is to be

determined as required for the bottom plating according
to 2-3.

5.2 Thickness of the bilge plating shall not be
less than that of the adjacent bottom plating and the
side plating.

5.3 If according to Section 3, A a higher steel
grade than A/AH is required for the bilge strake, the
width of the bilge strake is not to be less than:

b =800+ 5L [mm]

5.4 At the end of the curved bilge strake
longitudinal stiffeners or girders are to be arranged. When
the stiffeners are arranged outside the bilge radius
sufficient buckling resistance is to be shown, according to
Section 3, C taking into account the stresses according to
Section 6, D and the compression stresses

(py + Py R
G —\us*tipR
d 1000t [N/mm?]

acting coincidently in the transverse direction.

R = Bilge radius [mm],

Ps = Static pressure load [kN/m?], as given in
Section 5, C.2,

Po = Dynamic pressure load [kN/mz], as given in

Section 5, D, or bow impact - bottom
slamming load, as given in Section 5, E, as
the case may be,
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t = Plate thickness [mm].

The plane plate fields are to be taken as follows:

R 2

a | b, +— [mm©]
4

aL = Spacing of floors or transverse stiffeners
[mm],

b, = Distance of the longitudinal stiffener from the

end of corner radius [mm].

5.5 If the derived thickness for the plane plate
field is larger than that for the curved bilge strake
according to 5.1 the reinforcement is to be expanded by
a minimum of R/6 into the radius.

Figure 7.1 Bilge strake stiffeners
6. Bottom Plating Forward
6.1 The thickness of the bottom plating of the flat
part of the ship's bottom in the fore body up to a height

of 0.05Tgep or 0.3 m above base line, whichever is

smaller, is not to be less than:

t=09ff,s [P k+t
1125, K [(mm]

Terr = Smallest design ballast draft at the forward

perpendicular [m]

Ps. = Slamming load on bottom in the forebody
[kN/m?], as defined in Section 5, E.3.

Note: Excluding CSR Oil Tankers, for every oil tanker
subject to Regulation 18 of MARPOL 73/78 Annex |,
scantlings of the strengthening of bottom forward is to be
based on the draft obtained by using segregated ballast

tanks only.

6.2 Above 0.05Tgrp or 0.3 m above base line
(whichever is smaller) the plate thickness may
gradually be tapered to the rule thickness determined
according to 2-3. For ships with a rise of floor the

strengthened plating shall at least extend to the bilge

curvature.
7. Inner Bottom Plating
71 The thickness of the inner bottom plating is

not to be less than:

t=L1svVPk + 1t

[mm]

P = Design pressure [kN/m?], to be taken as the
greater of the following values:

P, =10(T —hyy)

P, =10hqp Where the inner bottom forms a
tank boundary

Py =Pg + Py, Pressure load on the inner bottom
according to Section 5, C.4.2 and
Section 5, D.6.4.

hor = Distance from top of overflow pipe to inner

bottom [m],
hpg = Double bottom height [m].
7.2 If no ceiling is fitted on the inner bottom,

the thickness determined in accordance with 7.1 for
P4 or P; is to be increased by 2 mm. This increase is
not required for ships with the notation CONTAINER
SHIP.

7.3 For strengthening in the range of grabs, see
Section 27, B.10.
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7.4 In machinery spaces, thickness of the inner
bottom between the foundation girders is to be
increased by 2 mm. This increase is to be extended
beyond the engine seating by minimum three frame

spacing.

C. Side Shell Plating

1. General

1.1 The thickness of side plating shall be

determined in accordance with the requirements

specified in 2-8.

1.2 Thickness of side plating in the fore body and
after body shall be additionally checked for bow and

stern impact pressures as specified in 5.

1.3 For ships for which proof of longitudinal
strength is required or carried out proof of buckling
strength of the side shell is to be provided in
accordance with the requirements of Section 3, C and
Section 6, C.

2, Side Shell Plating Thickness
21 The thickness of the side shell plating within

0.4L amidships corresponding to lateral pressure is not
to be less than:

P.+P
tg = 156, f)s |S——WS 4 ¢
Op K [mm]

where:

Ps = Static sea pressure load on side shell
[kN/m2], as defined in Section 5, C.2.

Pws = Wave pressure load on side shell, [kN/m2], as
defined in Section 5, D.2.

op = Allowable stress of the material [N/mmz],

120
= —— within 0.4L amidships
k

= 160 within 0.1L from the perpendiculars
k

Between specified regions the allowable stress, op,

may be varied linearly.

2.2 Side Shell Plating and Sides of
Superstructures for Ships Engaged In Sheltered
Water Service (Assigned With the Notations K6, L1
and L2)

Thickness for side shell plating and sides of
superstructures ts sw shall be;
ts,sw= ts sw tssw 2 tminsw
Thickness may be reduced by 0.5 mm within 0.4L
however no reduction of thickness shall be carried out

within 0.05 L from the forward and aft end of the length
L.

However the thickness tssw shall be not less than
minimum thickness tmin given in the item C.3.3.

3. Minimum Thickness

31 At no point the thickness of the side shell

plating shall be less than:

100 [mm] forL<50m

L
t . = (1.5 ——j\/ﬁ

[mm] forL=50 m

3.2 Above a level T+Cw/2 above base line
smaller thickness than tnin may be accepted if the
stress level permits such reduction (for Cyw see Section
5, B.2).

3.3 For ships engaged in sheltered water service
(assigned with the notations K6, L1 and L2); the

minimum thickness tmin sw is defined as:

tmin’SW = 35 [mm]

4, Sheer Strake Plating
41 The width of the sheer strake is not to be less
than:
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b =800+ 5L [mm]

but need not exceed 1800 mm.

4.2 The thickness of the sheer strake shall, in
general, not be less than the greater of the following two

values:

t=0.5(tp + ts) [mm]

t=ts [mm]

to = Required thickness of strength deck,

ts = Required thickness of side shell.

4.3 Where the connection of the deck stringer

with the sheer strake is rounded, the radius is to be at

least 15 times the plate thickness.

4.4 Welds on upper edge of sheer strake are
subject to special approval. Regarding welding between

sheer strake and deck stringer, see Section 20.

Holes for scuppers and other openings are to be
carefully rounded, any notches shall be avoided.

4.6 For ships with a speed Vv >1.6 \/E [kn],
additional strengthening of the sheer strake may be
required.

5. Bow and Stern Plating

5.1 The thickness of the side shell plating

forward of 0.15L from the stem is not to be less than

P
tg =10f,f,s [—= +t
K
Op [mm]

where:
P = Bow impact load [kN/mZ], as defined in
Section 5, E.1,
op = Allowable stress [N/mm2] of the material,
_ 160
k

5.2  The thickness of the side shell plating aft of
0.15L from the AP is not to be less than

t = 10f,fys. [ 1S
g =10t 1,8 +1
o, K [mm]

where:

Pis = Stern impact load [kN/mZ], as defined in
Section 5, E.2.

6. Side Plate Thickness for Harbour and Tug
Manoeuvres

6.1 In those zones of the side shell which may be
exposed to concentrated loads due to harbour and tug
manoeuvres the plate thickness is to be determined by
the following formula:

t=0.65,P .k +t
HT K [mm]

Pur = Design impact force [kN]
A
= — 200 < P, <1000
100
A =

Displacement of the ship [t].

Any reductions in thickness for restricted service are not

permissible.

6.2 The length of the strengthened areas shall
not be less than approximately 5 m. The height of the
strengthened areas shall extend from about 0.5 m.
above ballast waterline to about 1.5 m. above load
water line.

6.3 For ships of 100 m. in length and over; at
least one strengthened area is to be provided amidships
in addition to the two strengthened areas at the ship's
shoulders.

6.4 Where the side shell thickness so determined
exceeds the thickness required by 2-3, it is
recommended to specially mark these areas.
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7. Side Plating of Superstructures

71 Superstructures extending into the range of
0.4L amidships and the length of which exceeds 0.15L
are defined as effective superstructures. Their side
plating is to be treated as shell plating and the thickness

of plating shall be determined according to 2-3.

7.2 All superstructures being located beyond 0.4L
amidships or having a length of less than 0.15L or less
than 12 meters are considered as non-effective

superstructures and the side plating of non-effective
superstructures is to be determined according to
Section 13.

7.3 For strengthening at the ends of
superstructures see Section 13.

8. Side Plating in Way of Propellers and

Propeller Brackets

8.1 In way of propeller brackets and shaft
bossing, the thickness of the shell plating is to be the
same as required for 0.4L amidships. In way of the
struts, the shell plating is to have a strengthened plate
of 1.5 times the midship thickness. In this connection
Section 20, B.4.3 has to be observed.

8.2 Where propeller revolutions are exceeding
300 rpm, particularly in case of flat bottoms measures
are to be taken to reduce the size of plate panels above

or forward of the propeller (see also Section 8, B.2.3).

9. Bilge Keels

9.1 Where bilge keels are provided they are to be
continuous over their full length. The bilge keels are to
be welded to continuous flat bars which are connected
to the shell plating with their flat side by means of a

closed watertight welded seam.

9.2 The bilge keel and the intermediate flat bar
are to be made of steel with the same yield stress as
the one of the bilge strake. The bilge keel with a length
greater than 0.15L is to be made with the same grade of

steel as the one of bilge strake.

9.3 The ends of the bilge keels are to have soft

transition zones according to Figure 7.2. The ends of
the bilge keels shall terminate above an internal

stiffening element.

9.4 Any scallops or cut-outs in the bilge keels are
to be avoided.

NS A

J | ) -
padl o
DU

Figure 7.2  Soft transition zones at the ends of

bilge keels
10. Openings in the Shell Plating
10.1 Where openings are cut in the shell plating

for windows or side scuttles, hawses, scuppers, sea
valves etc., they are to have well rounded corners.

If the width of these openings exceed 500 mm. in ships
up to L = 70 meters, and 700 mm. in ships having a
length of more than 70 meters, the openings are to be

surrounded by framing, a thicker plate or a doubling.

10.2 Where the above openings are cut in the
sheer strake within 0.4L amidships, generally a
strengthened plate or a continuous doubling is to be
provided compensating the omitted plate sectional area.
For shell doors and similar large openings see Section
23. Special strengthening is required in the range of

openings at ends of superstructures

10.3 The shell plating in way of the hawse pipes is
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to be reinforced.

10.4 Scupper pipes and valves are to be
connected to the shell by weld flanges. Instead of weld
flanges short flanged sockets of adequate thickness
may be used if they are welded to the shell in an

appropriate manner. Reference is made to Section 16.

Construction drawings are to be submitted for approval.

10.5 The ship's side shall not have any openings
between the embarkation station of the marine
evacuation system and the waterline in the lightest
seagoing condition and means shall be provided to

protect the system from any projections.

No openings, be they permanent openings, recessed
promenades or temporary openings such as shell
doors, windows or ports, are allowed in this particular

area.

On passenger ships, windows and side scuttles of the
non-opening type are allowed in this area if complying
with Section 21,B 9.3. On cargo ships, the windows and
side scuttles in the area in way of a marine evacuation
system, if installed, shall only be of the non-opening type.

11. Bulwarks

1.1 Efficient bulwarks or guard rails are to be
fitted at the boundaries of all exposed parts of the
freeboard deck and superstructure decks directly
attached to the freeboard deck, as well as the first tier of
deckhouses fitted on the freeboard deck and the

superstructure ends.

11.2 The height of the bulwarks or guard rails is to
be at least 1 m from the deck. However, where their
height would interfere with the normal operation of the
ship, a lesser height may be accepted, if adequate
protection is provided and subject to any applicable
statutory requirement.

1.3 The thickness of bulwark plating is not to be

less than:
t=L/30+3 [mm] for L<150m
t=38 [mm] for L>150m.

The thickness of bulwark plating forward particularly
exposed to wash of sea is to be equal to the thickness
of the forecastle side plating according to Section 13,
B.1.

In way of superstructures above the freeboard deck
abaft 0.25L from FP the thickness of the bulwark plating
may be reduced by 0.5 mm.

11.4 Plate bulwarks are to be stiffened at the upper

edge by a bulwark rail section.

11.5 The bulwark is to be supported by bulwark
stays fitted at every alternate frame. The stays shall
have sufficient width at deck level. The deck beam shall
be continuously welded to the deck in way of the stay.
Bulwarks on forecastle decks shall have stays fitted at
every frame where the flare is considerable.

Stays of increased strength shall be fitted at ends of
bulwark openings. Openings in bulwarks should not be
situated near the end of superstructures.

The section modulus of stays in way of the lower part of
the bulwark is to be not less than the value obtained

from the following formula:

W = 4Ps ;h, [em’]

P = Wave load on side shell, Pws, as given in
Section 5, D.2.2.1 or bow impact load P as
given in Section 5, E.1 as the case may be,
not to be taken less than 15 [kN/m?],

S = Spacing of stays [m],

hg = Height of bulwark, measured between its
upper edge and the deck [m],

The actual section of the connection between stays and
deck structures is to be taken into account when
calculating the above section modulus. In addition

Section 3, B.5 shall be considered.

It is recommended to provide flat bars in the lower part of
stays which are to be effectively connected to the deck
plating. Particularly in ships the strength deck of which is
made of higher tensile steel, smooth transitions are to be
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provided at the end connection of the flat bar faces to
deck.

11.6 On ships carrying deck cargo, the bulwark
stays are to be designed for a load at an angle of heel
of 30°. Under such loads the following stresses are not
to be exceeded:

bending stress: Gb = IZTO [N /mm2]
shear stress: T - % [N /mm?]
1.7 An adequate number of expansion joints is to

be provided in the bulwark. In longitudinal direction the
stays adjacent to the expansion joints shall be as
flexible as practicable.

The number of expansion joints for ships exceeding 60
m in length should not be less than L/40 but need not be
greater than n = 5.

11.8 Openings in the bulwarks shall have
sufficient distance from the end bulkheads of
superstructures. For avoiding cracks the connection of
bulwarks to deckhouse supports is to be carefully
designed.

11.9 For the connection of bulwarks with the
sheer strake 4.4 is to be observed.

11.10 Bulwarks are to be provided with freeing ports
of sufficient size. See also Section 16, C and ICLL.

D. Deck Plating

1. General

The thickness of the deck plating is not to be less than
that required to obtain the hull-girder section modulus
given in Section 6, C, nor less than required by this
section. In addition, the plating of decks forming
boundaries of tanks shall fulfil the requirements for
watertight bulkheads at heights corresponding to those
at which the decks are located.

2. Strength Deck Plating

2.1 The strength deck is, in general, the
uppermost continuous deck at that part to which the
shell plates extend.

In the case of a superstructure or deckhouses
contributing to the longitudinal strength, the strength
deck is the deck of the superstructure or the deck of the
uppermost deckhouse.

2.2 The thickness requirement corresponding to
lateral pressure is given by:

P
ty =15ffs [— + tK [mm]
Op

where:
P

Wave load on weather deck (Pwp) as defined
in Section 5, D.4, or cargo load on deck (Psc
+Pwc) as defined in Section 5, C.4 and
Section 5, D.6, whichever is relevant

Cp = Allowable stress of the material [N/mmz],

120
= —— within 0.4L amidships
k

= @ within 0.1L from the perpendiculars
k
Between specified regions the allowable

stress, o, may be varied linearly.

23 The deck sectional area abreast the
hatchways, if any, is to be so determined that the
section modulus of the cross section is in accordance
with the requirements of Section 6, C.

24 The thicknesses of strength deck plating are
to be extended into the superstructure for a distance
equal to the width of the deck plating abreast the
hatchway. For strengthening of the stringer plate in the
breaks, see Section 13, A.4.

25 If the strength deck is protected by sheathing
a smaller corrosion allowance tk than required by
Section 3, B may be permitted. Where sheathing other
than wood is used, attention is to be paid that, the
sheathing does not affect the steel. The sheathing is to
be effectively fitted to the deck.
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2.6 For ships with a speed V> 1.6VL [kn],
additional strengthening of the strength deck may be
required.

3. Deck Stringer Plate

31 If the thickness of the strength deck plating is

less than that of the side shell plating, a stringer plate is
to be fitted having the width of the sheer strake and the
thickness of the side shell plating.

3.2 Where the connection of the deck stringer
with the sheer strake is rounded, the radius is to be at

least 15 times the plate thickness.

3.3 Regarding welding between sheer strake and

deck stringer see Section 20.

4, Minimum Thickness
41 The thickness of deck plating is not to be less
than:

t . =(45+005L Wk  [mm]

L need not be taken greater than 200 m.

4.2 When the deck is located above the level of
T+Cw above basis, a smaller thickness than tmin may be
accepted if the stress level permits such reduction. For
Cw, see Section 5, B.2.1.

4.3 The deck structure inside line of hatchways is
to be so designed that the compressive stresses acting
in the ship's transverse direction can be safely
transmitted. Proof of bending strength is to be provided

according to Section 3, C.
5. Openings in the Strength Deck

5.1 Openings in the strength deck are to be kept
to a minimum and spaced as far as practicable from one
another and from the breaks of effective
superstructures. Openings are to be cut as far as
practicable from hatchway corners, hatch side coamings
and side shell plating.

5.2 All openings in the strength deck are to have
well rounded corners. The hatchway corner radius is not

to be less than:

b
r:an(l——szo.l [m]
B

n=/,/200 with 0.1 £n<0.25
fH = Length of hatchway [m],
by = Breadth [m], of hatchway or total breadth of

hatchways in case of more than one
hatchway. b/B need not be taken smaller
than 0.4.

For ships with large deck openings according to Section
6, F, the design of the hatch corners will be specially
considered on the basis of the stresses due to
longitudinal hull girder bending, torsion and transverse
loads.

5.3 Circular openings are to be edge-reinforced.
The sectional area of the face bar is not to be less than:

A, =025dt,, [em’]

o
1

Diameter of opening [cm],

to Deck plate thickness [cm].

The reinforcing face bar may be dispensed with, where
the diameter is less than 300 mm and the smallest
distance from another opening is not less than 5 x
diameter of the smaller opening. The distance between
the outer edge of openings for pipes etc. and the ship's

side is not to be less than the opening diameter.

5.4 Where the hatchway corners are elliptic or
parabolic, strengthening according to 5.3 is not
required. The dimensions of the elliptical and parabolic
corners shall be as shown in Figure 7.3.

Where smaller values are taken for a and c, reinforced
insert plates are required which will be considered in
each individual case.

5.5 At the corners of the engine room casings,
strengthening according to 5.3 may also be required,
depending on the position and the dimensions of the

casing.
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A
©
A 4

c

az2c
c=r according to 5.2

Figure 7.3 Elliptic or parabolic hatch corner

5.6 The hatchway corners are to be surrounded
by strengthened plates (insert plates) which are to
extend over at least one frame spacing fore-and-aft and
athwart ships. Within 0.5L amidships, the thickness of
the strengthened plate is to be equal to the deck thick-
ness abreast the hatchway plus the deck thickness
between the hatchways. Outside 0.5L amidships the
thickness of the strengthened plated need not exceed
1.6 times the thickness of the deck plating abreast the
hatchway. The reinforcement may be dispensed with in

case of proof by a fatigue analysis.

6. Buckling Strength

For ships for which proof of longitudinal strength is
required or carried out, proof of buckling strength of the
deck shell is to be provided in accordance with the
requirements of Section 3, C and Section 6, C.

7. Lower Decks

71 Thickness of Decks for Cargo Loads

The plate thickness of decks for cargo loads is not to be
less than:

P
t =15ffs [— +t
D \ op K -

where:

P = Cargo load on deck (Psc*+Pwc) as defined in
Section 5, C.4 and Section 5, D.6,

op = Allowable stress of the material [N/mmz]

120 .
= —— within0.4 L
k

160
= T within 0.1 L from the perpendiculars

Between specified regions the allowable stress,

op, may be varied linearly.

tn = (5.5+0.02L Wk [mm] for the 2nd deck
= 6.0 mm. for other lower decks

L need not be taken greater than 200 m.

7.2  Thickness of Decks for Wheel Loading

7.21 The thickness of deck plating for wheel load-

ing is to be determined by the following formula:

t=cvVPk +1ty [mm]

P Load of one wheel or group of wheels on a

plate panel a x b

a
Qv

p =" g [KN]

Q Axle load [kN]

For fork lift trucks Q is generally to be taken as the total
weight of the fork lift truck.

n = Number of wheels or group of wheels per
axle,

av = Vertical acceleration as defined in Section 5,
B.2,

ay = 0, for harbour conditions,

c = Factor according to the following formula:

for b/a=1:

c=1.87- f 3.4—4.4£
F F

f
0<—<03
F
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for
03<—<1.0
for F
f
c=120-040—
F
for b/a 2 2.5:

f
f f 0<—<03
c=2.00-_|—|52-72=]| for F
F F

c:1.20—0.517£ .
F for F

for intermediate values of b/a the factor ¢ is to be
obtained by direct interpolation.

f = Print area of wheel or group of wheels
according to Figure 7.4.

a = Width of smaller side of plate panel (in

general beam spacing)
b = Width of larger side of plate panel

F = Area of plate panel a x b. F need not be
taken greater than 2.5a’

In case of narrowly spaced wheels these may be
grouped together to one wheel print area.

- b — -
T
m %
~f
Al
Figure 7.4 Foot print of wheel
7.2.2 Where the wheel print area is not known, it

may approximately be determined as follows:

P
f =100— [cm?]
p

p = Specific wheel pressure according to Table

Table 7.1 Specific wheel pressure

Type of vehicle | Specific wheel pressure p [bar]
Pneumatic Solid rubber
tyres tyres
Private cars 2 -
Trucks 8 -
Trailers 8 15
Forklift trucks 6 15
7.2.3 In deck beams and girders, the stress is not
to exceed 165/k [N/mm?.
7.3 Machinery Deck and Accommodation

Decks

The thickness of the plates of machinery decks and
other accommodation decks is not to be less than:

P
t =15ffs |— +t
D op K [mm]

where:

P = Load on deck (Psa+Ppa) as defined in Section
5, C.4 and Section 5, D.6 for accommodation
decks and (Psu+Ppm) as defined in Section 5,
C.4 and Section 5, D.6 for machinery decks

Cp = Allowable stress of the material [N/mmz]

_ 120

within 0.4L amidships

= % within 0.1L from the perpendiculars

Between specified regions the allowable stress,

cp, Mmay be varied linearly.

tmin = 5mm.
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8. Helicopter Decks
8.1 General
8.1.1 The requirements of this sub-section apply to

special pillar-supported landing decks or decks of
superstructures and deckhouses specially equipped for
the landing and take-off of helicopters

8.1.2 The landing area is to be dimensioned for the
largest helicopter type expected to use the helicopter
deck. The approach and landing area are to be free of
obstructions above the level of the deck or the platform.

8.1.3 For scantling purposes, other loads (cargo,
snow/ice, etc.) are to be considered simultaneously or
separately, depending on the conditions of operation to
be expected. Where these conditions are not known, the
data contained in 8.2, below may be used as a basis.

8.2 Design Loads

Besides the wave pressure load acting on a landing
platform, obtained according to Section 5, D.4, the
following load cases are to be considered for the

scantlings of the helicopter deck:
8.21 Loading Case 1 (LC 1)

Helicopter lashed on deck, with the following vertical

forces acting simultaneously:

a) Wheel and/or skid force P acting at the points
resulting from the lashing position and distribution of the
wheels and/or supports according to helicopter
construction.

P =056 (1 + %V) [kN]

G = Maximum permissible take-off weight [kN],
ay = Vertical acceleration, see Section 5, B.2,
P = Evenly distributed force over the contact area

for single wheel according to data supplied
by helicopter manufacturers. The contact
area is to be taken 30 x 30 cm if not specified

by the helicopter manufacturer. For dual
wheels or skids the contact area is to be
determined individually in accordance with

given dimensions,

e = Wheel or skid distance according to

helicopter types to be expected [m].

b) Force due to weight of helicopter deck M. as

follows:

a
Fy = M, (1 + —V) [kN]
g
c) Load p = 2.0 kN/m? evenly distributed over the
entire landing deck.
8.2.2 Loading Case 2 (LC 2)

Helicopter lashed on deck, with the following horizontal

and vertical forces acting simultaneously:

a) Forces acting horizontally:

F =06 6+ M )+ Foo kN

Fw = Wind load, taking into account the lashed
helicopter [KN]

v = wind velocity to be taken 50 m/s.

b) Forces acting vertically:

F, =G+M, [kN]

8.2.3 Loading Case 3 (LC 3)

Normal landing impact, with the following forces acting

simultaneously:

a) Wheel and/or skid load P at two points
simultaneously, at an arbitrary (most unfavourable)
point of the helicopter deck (landing zone + safety

zone)

P =0.75G [kN]

TURK LOYDU - HULL - JULY 2016



7-16 Section 7 - Plating D

b) Load p = 0.5 kN/m? evenly distributed (for taking
into account snow or other environmental loads)

c) Weight of the helicopter deck

d) Wind load in accordance with the wind velocity
admitted for helicopter operation (vw), where no data
are available, v = 25 m/s may be used.

8.3 Scantlings of Structural Members

8.3.1 Stresses and forces in the supporting struc-

ture are to be evaluated by means of direct calculations.

8.3.2 Permissible stresses for stiffeners, girders
and substructure:

- = 2
Cp k-, [N/mm?]

Y = safety factors according to Table 7.2.
Table 7.2 Safety factor y;

Safety factor (ys)
Structural Element
LC1 LC2 | LC3
Stiffeners (deck beams) 1.25 1.25 1.1
Main girders (deck girders) 1.45 145 | 1.45

Load-bearing structure (pillar
1.7 1.7 2.0

system)

8.3.3 The thickness of the plating is to be determined
according to D.7.2. where the coefficient ¢ may be
reduced by 5 %.

8.3.4 Proof of sufficient buckling strength is to be
carried out in accordance with Section 3, C for
structures subjected to compressive stresses.
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A. Introduction
1. General
1.1 In this section requirements to bottom, side

and deck supporting structures are given

1.2 Direct stress calculations based on structural
design principles outlined in Section 4 will be

considered as alternate basis for scantlings.

2. Definitions

As = Load area of a beam [m2],

Ap = Shear area of transverse deck beams and of
deck longitudinals [cm?],

Ar = Sectional area of face plate [cmz],

Arr = Shear area of frames in tanks or in hold
spaces for ballast water [cm?],

Ap = Shear area of peak frames [cmz],

Apr = Sectional area of plate floors [cmz],

Aps = Sectional area of pillar [cm?],

Aro = Upper end shear area of main frames [cm?],

Aru = Lower end shear area of main frames [cm2],

As = Shear area of the stiffeners [cm2],

Ar = Shear area of tween deck and superstructure
frames [cmz],

Aw = Shear area of web frames [cmz],

Ay = Shear area of longitudinals [cmz],

B = Ship’s breadth [m], as defined in Section 1,
H.2,

Cr = Factor for curved frames,

1.0—2h7czo.75

D

DF

da

di

ds

ew

Fi

FL

Gs

hp

he

hDB

hDBA

he

hs

hw

a

Ship’s depth [m], as defined in Section 1,
H.2,

Depth up to the lowest deck [m],
Height of web frame [m],
Outside diameter of pillar [cm],
Inside diameter of pillar [cm],
Diameter of pillar [cm],

Young's modulus [N/mm?],
Width of plating [m],

Spacing of web frames [m],

Load from pillars located above the pillar
considered [kN],

Load on pillar [kN],

Ship weight during docking [kN],
Height of bracket [mm],

Maximum height of curve [m],

Depth of centre girder [m],

Depth of centre girder as built [m],
Depth of floor plates [m],

Height of heel stiffener [mm],

Depth of web frames [m],

Radius of gyration of pillar [cm],
Moment of inertia of longitudinal frame [cm4],
Moment of inertia of pillar [cm4],
Moment of inertia of web frame [cm4],

Material factor according to Section 3,A,
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Lks

Mt

Pes

Poc

Ppe

Poi

Por

Pt

Pis

Pis

Ps

Psc

Psi

Ship’s length [m], as defined in Section 1,
H.2,

Length of the keel block range [m],

Bending moment induced by fender [kKNm],

0.204%[4 - (%)2]

1— ey — zK]
10004

mg? —m,? > ——

Pressure load [kN/m?],

Single engine output [kW],

Blow out pressure at the safety valve [bar],

Dynamic cargo load [kN/mz] as defined in
Section 5, D.6,

Wave load on exposed decks [kN/mz] as
defined in Section 5, D.5,

Dynamic load on the inner bottom [kKN/m?]
according to Section 5, D.6.4,

Dynamic tank pressure load [kN/mz] as
defined in Section 5, D.8,

Berthing impact force induced by fender [kN],

Impact load on bow structures [kN/mZ]

according to Section 5, E.1,

Impact load on stern structures [kN/m2]
according to Section 5, E.2,

Static pressure load on ship's sides [kN/m?]

according to Section 5, C.2,

Static cargo load [kN/mZ] as defined in
Section 5, C.4,

Static load on the inner bottom [kN/mZ],

PsL

Pst

Pr

Pws

Pwp

Pws

Jo

Ren

Sk

Ss

Tmin

te

te

tee

tem

according to Section 5, C.4.2,

Slamming load [kN/mz] according to Section
5 E.3,

Static tank pressure load [kN/mz] according
to Section 5, C.3,

Design tank pressure load [kN/mz] according
to Section 5, C.3, and Section 5, D.8,

Wave pressure load on bottom [kN/mz]
according to Section 5, D.3,

Wave load on weather deck [kN/mZ] as
defined in Section 5, D .4,

Wave pressure load on ship's sides [KN/m?]
according to Section 5, D.2,

Nominal keel block load [kN/m],
Bending radius of plate [m],

Minimum nominal upper yield point [N/mmz],

as defined in Section 3, A,

Safety factor,

Spacing of frames [m],

Spacing of plate floors [m],

Spacing of stiffeners [m],

Ship’s draught [m], as defined in Section 1, H.2,
Smallest ballast draught [m],

Plate thickness [mm],

Thickness of floor plates [mm],

Thickness of girders [mm],

Thickness of centre girder at the ends [mm],

Thickness of centre girder within 0.7L
amidships [mm],
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ts

tw

twp

Wa

Wege

Wp

Wr

Ws

ts

Web thickness of side transverses [mm],
Thickness of web frames [mm],

Wall thickness of tubular pillar [mm],

Distance of structure from AP [m],

Distance between supporting point of the
plate floor (ship's side, longitudinal bulkhead)
and the section considered [m],

Distance of structure above baseline [m],
Section modulus [cm?],

Section modulus of profile [cm?],

Section modulus of bottom frames [cm?],

Section modulus of transverse deck beams
and of deck longitudinals [cm®],

Section modulus of floor plates [cm?],

Section modulus of frames in tanks or in hold
spaces for ballast water [cm?],

Section modulus of peak frames [cm3],
Section modulus of main frames [cm3],
Section modulus of stiffeners [cm3],

deck and

Section modulus of tween

superstructure frames,

Section modulus of web frames [cms],
Section modulus of longitudinals [cms],
Displacement [t],

Unsupported span [m],

Span between longitudinal bulkheads [m],

%

As

GA

Gb

Gh

oL

Gt

op

Oq

Ov

Oy

1.1

Dimension of bracket [mm],

Length of upper bracket connection of main
frames within the length £ [m],

Length of alt bracket connection of main
frames within the length £ [m],

Length of pillar [m],
Degree of slenderness of pillar,

Bending stresses from local stiffener bending
due to lateral loads [N/mm?],

Bending stress [N/mm?],
Additional stress for fatigue strength [N/mmz],
Design hull girder bending stress [N/mm?],

IN/mm?] in

Bending stress longitudinal

direction,
Permissible stress [N/mm?],

Bending stress in [N/mmz] in transverse

direction,
Permissible equivalent stress [N/mmz],

Stress in the ship’s longitudinal direction
[N/mm?],

Stress in the ship’s transverse direction
[N/mm?],

Shear stress [N/mmz].

Bottom Structures
General

The requirements of this sub-section apply to

transversely or longitudinally framed single and double

bottom structures.
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12 The buckling strength of the bottom structures is
to be examined according to Section 3, C. For this
purpose the design stresses according to Section 6, C and
the stresses due to local loads are to be considered.

1.3 The bottom structure is to be designed to
withstand the loads resulting from the dry docking of the
ship.

1.4 Provision is to be made for the free passage
of water from all parts of the bottom to the suctions,
taking into account the pumping rate required.

2. Single Bottom
21 Centre Girder
2.11 All single bottom ships are to have a centre

girder fitted in the ship’s centre line. The centre girder
shall extend as far forward and aft as practicable and
shall be continuous within 0.7L amidships.

21.2 The web thickness of centre girder within
0.7L amidships is not to be less than:

The sectional area of the face plate within 0.7L
amidships is not to be less than:

Ar =0.7L+12 [em?]

Towards the ends the thickness of the web plate as well
as the sectional area of the face plate may be reduced
by 10 %. Lightening holes are to be avoided.

2.2 Side Girders

221 Side girders are not required where the
breadth measured on top of floors does not exceed 6 m.
One side girder at each side of the centre girder is
required where the breadth measured on top of floors is
between 6 - 9 m. Where the breadth exceeds 9 m two
side girders at each side of the centre girder are
required.

2.2.2 For the spacing of side girders in way of

bottom strengthening see 2.4.3.

223 The side girders are to extend as far forward
and aft as practicable. They are to be connected to the
girders of a non-continuous double bottom or are to be
scarfed into the double bottom by two frame spacing.

224 The web thickness of side girders within 0.7L
amidships is not to be less than:

tg =0.04L+5 [mm]

The sectional area of the face plate within 0.7L
amidships is not to be less than:

AF = 02L+ 6 [sz]

Towards the ends, the thickness of the web plate and
the sectional area of the face plate may be reduced by
10 %.

2.3 Floor Plates

231 General

2.3.1.1  Floor plates are to be fitted at every frame. For
the connection with the frames, see Section 20.

2.3.1.2 Deep floors, particularly in the after peak, are

to be provided with buckling stiffeners.

2.3.1.3 The floor plates are to be provided with
limbers to permit the water to reach the pump suctions.

2.3.2 Floor Plates in the Cargo Hold Area

2321 Section modulus of floor plates fitted
between after peak bulkhead and collision bulkhead in
ships without double bottom or outside any double
bottom is not to be less than:

W = CTse/? [em®]

SE Spacing of plate floors [m],

{ = Unsupported span, generally measured on
upper edge of floor from side shell to side
shell [m], not to be taken less than 0.7B, if
the floors are not supported at longitudinal
bulkheads.
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C = 7.5 for spaces which may be empty at full
draught, e.g. machinery spaces, storerooms,
etc.

(3 = 4.5 elsewhere.

2.3.2.2 The depth of the floor plates is not to be less
than:

hg =55B—-45 [mm]
Not to be taken less than 180 mm.

In ships having rise of floor the depth of the floor plate
webs at 0.1f from the ends of the length {, where
possible, shall not be less than half the required depth.
In ships having a considerable rise of floor, the depth of
the floor plate webs at the beginning of the turn of bilge
is not to be less than the depth of the frame.

2.3.2.3 The web thickness of the floor plates is not
to be less than

h
tr=—F+3 [mm]
F 7100

2.3.2.4  The web sectional area of the plate floors is

to be determined according to 3.4.1.6 analogously.

2.3.25 The face plates of the floor plates are to be
continuous over the span {. If they are interrupted at the
centre keelson, they are to be connected to the centre
keelson by means of full penetration welding.

2.3.3 Floor Plates in the Peaks

2.3.3.1  The thickness of the floor plates in the peaks
is not to be less than:

tr =0.035L+5 [mm]

The thickness, however, need not be greater than
required by 3.4.1.5.

2.3.3.2 The floor plate height in the fore peak
above top of keel or stem shoe is not to be less than:

he =0.06D+0.7 [m]

2.3.33 The floor plates in the after peak are to
extend over the stern tube see also Section 10, B.1.4.

2.3.34 Where propeller revolutions are exceeding
300 rpm (approximately) the peak floors above the
propeller are to be strengthened. Particularly in case of
flat bottoms additional longitudinal stiffeners are to be
fitted above or forward of the propeller.

2.4 Strengthening of Bottom Forward

2.4.1 For the purpose of arranging floors and girders
the bottom strengthening forward areas are defined:

forward of E:O.? for L <100 m.

forward of E =0.6+0.001L for 100 <L <150 m.
forward of E =0.75 for L >150 m.

2.4.2 In case of transverse framing, plate floors are

to be fitted at every frame. Where the longitudinal
framing system or the longitudinal girder system is
adopted the spacing of plate floors may be equal to
three transverse frame spaces.

243 The spacing of side girders in way of bottom
strengthening forward shall not exceed the following:

L

ing: —+09<14
Transverse framing : 250 [m]
Longitudinal framing: two longitudinal frame spacing
244 Distances deviating from those defined in
2.4.2 and 2.4.3 may be accepted on the basis of direct
calculations.
245 Within the areas defined in 2.4.1 any scallop-
ing is to be restricted to holes for welding and for

limbers.

2.4.6 The section modulus of transverse or

longitudinal stiffeners is not to be less than:

W = 0.155P, s¢/%k [cm?]
Pst = Slamming load [kN/m2], as defined in Section
5 E.3,
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Note: Excluding CSR Oil Tankers, for every oil tanker subject
to Regulation 18 of MARPOL 73/78 Annex |, scantlings of the
strengthening of bottom forward is to be based on the draft
obtained by using segregated ballast tanks only.

{ = Unsupported span [m],

Ss = Spacing of stiffeners [m],

k = Material factor according to Section 3,A.
247 The shear area of the stiffeners is not to be
less than:

A = 0.028P, s¢(/ —0.5s5 ) k [cm?]

The area of the welded connection has to be at least
twice this value.

3. Double Bottom
3.1. General
3.1.1 On passenger ships and cargo ships other

than tankers a double bottom shall be fitted extending
from the collision bulkhead to the after peak bulkhead,
as far as this is practicable and compatible with the
design and proper working of the ship. For oil tankers
see Section 28.

3.1.2 A double bottom need not be fitted in fore
peak, after peak and watertight compartments used
exclusively for the carriage of liquids, provided the
safety of the ship in the event of bottom damage is not
thereby damaged.

3.13 The arrangement of double bottom shall
comply with Chapter 1l-1 of SOLAS as amended. Any
part of the ship that is not fitted with a double bottom
shall be capable of withstanding bottom damage in
accordance with the related SOLAS regulations. See
also Section 26.

3.14 The inner bottom shall be continued out to
the ship's sides in such a manner as to protect the
bottom to the turn of the bilge. Such protection is to be
deemed satisfactory if the inner bottom is not lower at
any part than a plane parallel with the keel line and
which is located not less than a vertical distance hpg
measured from the keel line, as calculated by the
formula given in 3.2.1.

3.15 Small wells for hold drainage may be
arranged in the double bottom, their depth, however,
shall be as small as practicable. A well extending to the
outer bottom, may, however, be permitted at the after
end of the shaft tunnel. Other wells may be permitted if
their arrangement does not reduce the level of
protection equivalent to that afforded by a double
bottom complying with this sub-section. In no case shall
the vertical distance from the bottom of such a well to a
plane coinciding with the keel line be less than 500 mm.

3.1.6 The centre girder should be watertight at
least for 0.5L amidships, unless the double bottom is
subdivided by watertight side girders. On ships which
are assigned the load line permissible for timber deck
load, the double bottom is to be subdivided watertight
by the centre girder or side girders as required by the
ICLL.

3.1.7 For the double bottom structure of bulk
carriers, see Section 27.

3.1.8 On request of the owner, the bottom
structures of a ship which is expected to frequently
touch ground whilst loading and discharging will be
examined particularly. To fulfil this requirement, where
the transverse framing system is adopted, plate floors
are to be fitted at every frame and the spacing of the
side girders is to be reduced to half the spacing as

required according to 3.3.1.

When the longitudinal framing system is adopted, the
longitudinal girder system according to 3.5.5 is to be
applied.

The thickness of bottom plating is to be increased by
10%, compared to the plate thickness according to
Section 7, B.2 to B.6.

3.2 Centre Girder

3.21 The depth of the centre girder is not to be
less than:

hpg =50B [mm]

However, in no case is the value of hpg to be less than
760 mm, and need not be taken as more than 2000
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mm. The height shall be sufficient to give good access
to all parts of the double bottom.

3.2.2 The thickness of the centre girder is not to be
less than:

Within 0.7L amidships:

toy = hpos (hDB +1_0j\/E [mm] for hpg <1200 mm
hpga \ 100
tom = hps (hDB +3.0J\/E [mm] for hpg>1200 mm
hpga \ 120
hpe = Depth of centre girder as -calculated
according to 3.2.1,
hpsa = Depth of centre girder as built [mm] (hpea =

hpg).
tem shall not be less than tg according to 3.5.5.

0.15L at the ends:

tGE = OthM [mm]

3.2.3 Lightening holes in the centre girder are
generally permitted only outside 0.75L amidships. Their
depth is not to exceed half the depth of the centre girder
and their lengths are not to exceed half the frame
spacing.

3.3 Side Girders

331 At least one side girder shall be fitted in the
engine room and in way of 0.25L aft of F.P. In the other
parts of the double bottom, one side girder shall be
fitted where the horizontal distance between ship's side
and centre girder exceeds 4.5 m. Two side girders shall
be fitted where the distance exceeds 8 m, and three
side girders where it exceeds 10.5 m. The distance of
the side girders from each other and from centre girder
and ship's side respectively shall not be greater than:

1.8m. In the engine room within the engine seatings,

4.5m. Where one side girder is fitted in the other
parts of double bottom,

4.0 m. Where two side girders are fitted in the other
parts of double bottom,

3.5m. Where three side girders are fitted in the
other parts of double bottom.

3.3.2 The thickness of the side girders is not to be
less than:

2
tg = _Moe ¢ [mm]

The plate thickness of the side girders is not to be less
than tg according to 3.5.5.

For strengthening under the engine seating, see 4.2.3.
3.4 Transversely Framed Double Bottom

3.4.1 Plate Floors

3.4.1.1 Itis recommended to fit plate floors at every
frame in the double bottom if transverse framing is
adopted.

3.4.1.2 Plate floors are to be fitted at every frame:

a) In way of strengthening of the bottom forward
according to 2.4,

b) In the engine room,
c) Under boiler seatings.

3.4.1.3 Plate floors are to be fitted under bulkheads
and corrugated bulkheads.

3.4.1.4  For the remaining part of the double bottom,
the spacing of plate floors shall not exceed 3 metres.

3.4.1.5 The thickness of plate floors is not to be less

than:
tem = Thickness of centre girder according to 3.2.2.

The thickness need not exceed 16.0 mm.

3.4.16 The web sectional area of the plate floors is
not to be less than:

2
APF = STK BSF —ﬂ k [Cm ]
lg
SE = Spacing of plate floors [m],
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{5 = Span between longitudinal bulkheads, if any

[m],

= B, if longitudinal bulkheads are not fitted,

Distance between supporting point of the
plate floor (ship's side, longitudinal bulkhead)
and the section considered [m]. The distance
y is not to be taken greater than 0.4{z.

0.5for spaces which may be empty at full
draught, e.g. machinery spaces, storerooms,
etc.

= 0.3elsewhere.

3.4.1.7
required (see 3.3.1) at least one vertical stiffener is to
be fitted at every plate floor; its thickness is to be equal
to that of the floors and its depth of web at least 1/15 of
the height of centre girder.

Where in small ships side girders are not

34.18
according to 2.4, the plate floors are to be connected to the

In way of strengthening of bottom forward

shell plating and inner bottom by continuous fillet welding.

3.4.1.9
spaces, see 4.2.2.

For strengthening of floors in machinery

3.4.2 Watertight Floors

3421
be less than that required for tank bulkheads according

The thickness of watertight floors is not to

to Section 12, B.2. In no case their thickness is to be
less than required for plate floors according to 3.4.1.

3422
are to be determined according to Section 12, B.4.

The scantlings of stiffeners at watertight floors

3.4.3 Bracket Floors

3.4.3.1
to 3.4.1 bracket floors may be fitted.

Where plate floors are not required according

3.4.3.2
shell plating and reversed frames at the inner bottom,

Bracket floors consist of bottom frames at the

attached to centre girder, side girders and ship's side by
means of brackets.

3.4.3.3
to be less than:

The section modulus of bottom frames is not

Wigr = 0.7Cs¢?(Pg + Pyyg) k

Ps

Pws

3.4.3.4

[cm’]

Still water pressure load on bottom [kN/mz]
according to Section 5, C.2.

Wave pressure load on bottom [kN/mz]
according to Section 5, D.3.

0.6 where struts according to 3.4.5 are pro-
vided at 0.5¢,

1.0 otherwise
Spacing of bottom frames [m],

Unsupported span [m] disregarding struts, if
any.

The section modulus of inner bottom frames

is not to be less than:

Wi = 0.55Cs¢ 2Pk

P

Pr

[em?]

= Pg + Pp

Pr

10 (T — hps)

Pst + Por

Pr1, Pr2, Prs, Pra, Prs

the greatest value is to be used.

Psi

Poi

Pst

Por

Pr

Static load on the inner bottom [kN/mZ]
according to Section 5, C.4.2.

Dynamic load on the inner bottom [kN/mz]
according to Section 5, D.6.4.

Static tank pressure load [kN/mz] according
to Section 5, C.3.
tank load [kN/m?

Dynamic pressure

according to Section 5, D.8.1.

Design tank pressure load [kN/mZ] according
to Section 5, C.3 and Section 5, D.8
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3.4.4 Brackets

344.1 The brackets are, in general, to be of same
thickness as the plate floors. Their breadth is to be 75
% of the depth of the centre girder as per 3.2. The
brackets are to be flanged at their free edges, where the
unsupported span of bottom frames exceeds 1 m or
where the depth of floors exceeds 750 mm.

3.4.4.2 At the side girders, bottom frames and inner
bottom frames are to be supported by flat bars having
the same depth as the inner bottom frames.

3.4.5 Struts
The cross sectional area of the struts is to be

determined according to D.3.2 analogously. The design
force is to be taken as the following value:

F=0.5Ps/¢ [kN]
P =Ps+Pug

= Psgi + Pp

=p;

=10 (T - hog)
Pr = Pst+ Por

Pr1, Pr2, Prs, Pra, Prs

the greatest value is to be used.

3.5 Longitudinally Framed Double Bottom
351 General

Where the longitudinal framing system changes to the
transverse framing system, structural continuity or
sufficient scarfing is to be provided for.

3.5.2 Bottom and Inner Bottom Longitudinals

3.5.2.1  The scantlings are to be calculated according
to C.2.

3.5.2.2  Where bottom and inner bottom longitudinals
are coupled by struts in the centre of their unsupported
span, {, their section modules may be reduced to 60 %
of the values required by C.2. The scantlings of the

struts are to be determined in accordance with 3.4.5.
3.5.3 Plate Floors

3.5.3.1 The floor spacing should, in general, not
exceed 5 times the mean longitudinal frame spacing.

3.5.3.2 Floors are to be fitted at every frame as
defined in 3.4.1.3 as well as in the machinery space
under the main engine. In the remaining part of the
machinery space, floors are to be fitted at every
alternate frame.

3.5.3.3 Regarding floors in way of the strengthening
of the bottom forward, 2.4 is to be observed. For ships
intended for carrying heavy cargo, see Section 27.

3.5.3.4  The scantlings of floors are to be determined
according to 3.4.1.5 and 3.4.1.6.

3.5.3.5 The plate floors are to be stiffened at every
longitudinal by a vertical stiffener having the same
scantlings as the inner bottom longitudinals. The depth
of the stiffener need not exceed 150 mm. If necessary a
strength check can be required.

35.4 Brackets

3,541 Where the ship's sides are framed
transversely flanged brackets having the same
thickness with the floors are to be fitted between the
plate floors at every transverse frame, extending to the
outer longitudinals at the bottom and inner bottom.

3.5.4.2  One bracket is to be fitted at each side of the
centre girder between the plate floors where the plate
floors are spaced not more than 2.5 m apart. Where the
floor spacing is greater, two brackets are to be fitted.

3,55 Longitudinal Girder System

3.5.5.1  Where longitudinal girders are fitted instead
of bottom longitudinals, the spacing of floors may be
greater than permitted by 3.5.3.1, provided that
adequate strength of the structure is proved.

3.5.5.2  The plate thickness of the longitudinal girders
is not to be less than:

te = (5.0+0.03LWk [mm]

te > 6.0vk [mm]
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3.55.3 The longitudinal girders are to be examined
for sufficient safety against buckling according to
Section 3, C.

3.6 Double Bottom Tanks

3.6.1 Scantlings

Structures forming boundaries of double bottom tanks
are to comply with the requirements of Section 12.

3.6.2 Fuel and Lubricating Oil Tanks

3.6.2.1 In double bottom tanks, oil fuel with a flash
point (closed cup test) exceeding 60 °C may be carried.

3.6.2.2 Where practicable, lubricating oil discharge
tanks or circulating tanks shall be separated from the shell.

3.6.2.3  For the separation of oil fuel tanks from tanks
for other liquids, see Section 12, A.6.

3.6.2.4  For air, overflow and sounding pipes, see
Section 12, A.4.

3.6.2.5 Manholes for access to oil fuel double bottom
tanks situated under cargo oil tanks are not permitted in

cargo oil tanks or in the engine room see also Section 28.

3.6.2.6  The thickness of structures is not to be less than
the minimum thickness according to Section 12, B.

3.6.2.7  If the tank top of the lubricating oil circulating
tank is not arranged at the same level as the adjacent
inner bottom, this discontinuity of the flow of forces has to

be compensated by vertical and/or horizontal brackets.

The brackets shall be designed with a soft taper at the
end of each arm. The thickness of the vertical brackets
shall correspond to the thickness of the floor plates
according to 4.2.2, the thickness of the horizontal
brackets shall correspond to the tank top thickness of
the circulating tank.

The brackets shall be connected to the ship structure by

double-bevel welds according to Section 20, B.3.2.

3.6.3 Bilge wells

Bilge wells shall have a capacity of more than 0.2 m?.
Small holds may have smaller bilge wells. Bilge wells
are to be separated from the shell.

3.6.4 Sea chests

3.6.4.1 The plate thickness of sea chests is not to be
less than:

Ss Spacing of stiffeners [m]

Pes

Blow out pressure at the safety valve [bar],
not to be less than 2 bar.

3.6.4.2 The section modulus of sea chest stiffeners
is not to be less than:

W = 56SSPBsgzk [Cm3]
{ = Unsupported span of stiffeners [m]

3.6.4.3  The sea-water inlet openings in the shell are
to be protected by gratings.

3.6.4.4 A cathodic corrosion protection with galvanic
anodes made of zinc or aluminium is to be provided in
sea chests with chest coolers. For the suitably coated
plates a current density of 30 pA/m2 is to be provided
and for the cooling area a current density of 180 yA/m”.

3.6.4.5 For welding of plates of sea chest constituting
shell plating of ship, full penetration welding shall be
applied.

3.7 Direct Calculation of Bottom Structures
3.7.1 General

3.7.1.1 Where deemed necessary, a direct
calculation of bottom structures according to Section 4
may be required. Where it is intended to load the cargo
holds unevenly (alternately loaded holds), this direct
calculation is to be carried out.
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3.7.1.2  For two or more holds arranged one behind
the other; the calculation is to be carried out for the

hogging as well as for the sagging condition.
3.7.2 Design Loads

Following design loads are to be considered for direct
calculation of bottom structures;

for loaded holds:

P=Ps +Pp —Ps —Pyg [kN/m’]
for empty holds:

P=P;+Pyg [kN/m?’]

Psi = Static load on the inner bottom [KN/m?]
according to Section 5, C.4.2.

Poi = Dynamic load on the inner bottom [kN/m?]
according to Section 5, D.6.4.

Ps = Still water pressure load on bottom [kN/m?]
according to Section 5, C.2.

Pwe = Wave pressure load on bottom [kN/mz]
according to Section 5, D.3.

Where high density ore cargo is intended to be carried
in the holds in a conical shape, in agreement with TL a
corresponding load distribution on the inner bottom is to
be used for the calculation.

Where the grillage system of the double bottom is
subjected to single loads caused by containers, the
stresses in the bottom structure are to be calculated for
these single loads as well as for the bottom pressure
load (PstPws). The permissible stresses specified
therein are to be observed.

3.7.3 Permissible Stress Levels

The equivalent stress is not to exceed the following
value:
230

oy [N/mm?]

Oy = \/0)2( +0)2, — 0,0y +37?

Ox = Stress in the ship’s longitudinal direction
[N/mm?],
= oLt op
= 0 forwebs of transverse girders,
oy = Stress in the ship’s transverse direction
[N/mm?],

—Gq

= 0 for webs of longitudinal girders,

oL = Design hull girder bending stress [N/mmz]
according to Section 6, D (hogging or
sagging, whichever condition is examined),

ot = Bending stress [N/mm? in longitudinal
direction in longitudinal girders,

o = Bending stress [N/mm? in transverse
direction in transverse girders,

T = Shear stress in the longitudinal girders or

transverse girders [N/mmz].

The bending stresses and the shear stress alone are
not to exceed the following values:

1
G/,0q = %0 [N/mm?]
=100 [N/mm?]
k
3.8 Buckling strength

The buckling strength of the double bottom structures is
to be examined according to Section 3, C. For this
purpose the design stresses according to Section 6, C
and the stresses due to local loads are to be
considered.

3.9 Testing for Tightness

Each compartment or tank of a double bottom is to be
tested for tightness as specified in Section 12, H.
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4. Bottom Structure in Machinery Spaces
4.1 Single Bottom
411 The scantlings of floors are to be determined

according to 2.3.2 for the greatest span measured in the
engine room.

4.1.2 The web depth of the plate floors in way of
the engine foundation should be as large as possible.
The depth of plate floors connected to web frames shall
be similar to the depth of the longitudinal foundation
girders. In way of the crank case, the depth shall not be
less than 0.5he. The web thickness is not to be less
than:

t=DE g4 mm]
100

he = Depth of floor plates [m], as defined in 2.3.2.
4.2 Double Bottom
42.1 General

4.2.1.1 Lightening holes in way of the engine
foundation are to be kept as small as possible with due
regard, however, to accessibility. Where necessary, the
edges of lightening holes are to be strengthened by
means of face bars or the plate panels are to be
stiffened.

4.2.1.2 Local strengthenings are to be provided

beside the following minimum requirements, according
to the construction and the local conditions.

422 Plate Floors
Plate floors are to be fitted at every frame. The floor

thickness according to 3.4.1 is to be increased as
follows:

36+18 [%]
500
minimum 5 per cent, maximum 15 per cent
Ps = Single engine output in [kW]
The thickness of the plate floors below web frames is to
be increased in addition to the above provisions. In this

case the thickness of the plate floors is not to be taken
less than the web thickness according to C.1.6.2.1.

4.2.3 Side Girders

Side girders under foundation girders are to be
extended into the adjacent spaces and to be connected
to the bottom structure. This extension abaft and
forward of the engine room bulkheads shall be two to
four frame spacing if practicable.

4.2.4 Inner Bottom

Between the foundation girders, the thickness of the
inner bottom plating required according to Section 7,
B.7.1 is to be increased by 2 mm. The strengthened
plate is to be extended beyond the engine seating by
three to five frame spacing.

4.3 Machinery Seatings

See Section 19, B.1 and Table 19.1 for the rules applied
to the bedplates and girders of machinery seatings.

5. Bow and stern thrusters

Note: The requirements given below shall only be applied for
thrusters intended for manoeuvring aids, which are
integrated in the ship structure and which are able to produce
transverse thrust at very slow ship speeds. For thrusters
which are used beyond that of short-term manoeuvring aids
in harbours or estuaries, or use during canal passage,
additional requirements may be defined by TL.

5.1 Unit wall thickness

The wall thickness of the unit is, in general, to be in
accordance with the manufacturer’s practice, but is to
be not less than the thickness of the adjacent shell
plating plus 10 per cent or 2 mm whichever is the
greater, subject to a minimum of 7 mm.

5.2 Thruster unit installation details
The tunnel tube is to be fitted either between a pair of
deep floors or bulkheads extending to above the design

waterline or in a separate watertight compartment.

The shell plating thickness is to be locally increased by
50 per cent in way of tunnel thruster connections.

For welded tube connections the welding is to be by full
penetration welding.

The tunnel tube is to be framed to the same standard as
the surrounding shell plating.
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The unit is to be adequately supported and stiffened.

Thrust element housing structures as holding fixtures
for propulsion units are to be effectively connected to
the tunnel structure.

Engine housing and supporting structures shall
withstand the excitation in case propulsion engine is
directly supported by ship structure.

If suction or draining ducts are arranged in the ship's
bottom the design bottom slamming pressure Pgs.
according to Section 5, E.3 is to be considered.

5.3 Welding details

All welding of structural elements which are part of the
watertight integrity of the ship hull are generally to be
carried out as welds with full root penetration, according
to Section 20, B (see also Section 20, Figure 20.8). In
certain circumstances HV- or DHV-welds with defined
incomplete root penetration according to Section 20, B
(see also Section 20, Figure 20.9) may be used for
lightly loaded structural elements for which the risk of
damage is low.

If the gear housing is supported in the vicinity of the
propeller hub, the support bracket is to be connected to
the tunnel by HV- or DHV-welds with full root
penetration. The transition is to be grinded notch-free.
The radius R of the transition welding in the following
figure is not to be less than determined by the following
formula:

R =34 0.7 X ts X cos(AW — 45°) [mm]

ts : thickness [mm] of the gear housing support bracket

AW : angle [°] between tunnel and gear housing support
bracket

B-B
—

(

Connection between gear housing support bracket
and thruster tunnel

oA Transmission support

5.4 Thruster grids

For ships with ice class notation see also Section 14
D.11

For performing of in water surveys of manoeuvring
equipment, such as bow thrusters the requirements
stated in Section 25 will be specially considered taking
into account their design.

6. Docking Calculation

A special calculation of the docking forces is required for;

- Ships exceeding 120 m. in length,

- Ships of special design, particularly in the aft
body, and

- Ships with a docking load of more than 700 kN/m

The proof of sufficient strength can be performed either
by a simplified docking calculation or by a direct docking
calculation. The number and arrangement of the keel
blocks must agree with the submitted docking plan.
Direct calculations are required for ships with unusual
overhangs at the ends or with inhomogeneous
distribution of cargo.

6.1 Simplified Docking Calculation

The local forces of the keel blocks acting on the bottom
structures can be calculated in a simplified manner
using the nominal keel block load go. Based on these
forces sufficient strength must be shown for all
structural bottom elements which may be influenced by
the keel block forces.

The nominal keel block load qo is calculated as follows,
see also Figure 8.1:

GsC
Qo =7" [kN/m]
Lke
Gs = Ship weight during docking [KN],
Lke = Length of the keel block range [m]; i.e in
general the length of the horizontal flat keel,
Cc = Weighting factor,

= 1.25in general,

TURK LOYDU - HULL — JULY 2016



B Section 8 — Supporting Structures

8-15

= 2.0in the following areas:

- Within 0.075Lkg from both ends of the length Lkg,

- Below the main engine,

- In way of the transverse bulkheads along a
distance of 2 x distance of plate floors adjacent
to the transverse bulkheads [m] (no value larger
than 1 m needs to be taken), and

- In way of gas tank support of gas tankers,

If a longitudinal framing system is used in the double
bottom in combination with a centre line girder in
accordance with 3.2, it may be assumed that the centre
line girder carries 50% of the force and the two adjacent
keel block longitudinal 25% each.

6.2 Direct Docking Calculation

If the docking block forces are determined by direct

calculation, e.g. by a finite element calculation, considering
the stiffness of the ship’s body and the weight distribution,

the ship has to be assumed as elastically bedded at the
keel blocks. The stiffness of the keel blocks has to be
determined including the wood layers.

If a floating dock is used, the stiffness of the floating
dock are to be taken into consideration.

6.3 Permissible Stress

The
calculations is to be taken as:

permissible equivalent stress for docking

Ren

oy =—H N/mm?
V=105 [ ]
Rei = Minimum nominal upper yield point [N/mm?],
as defined in Section 3, A.
6.4 Buckling Strength

The bottom structures are to be examined according to
Section 3, C. For this purpose a safety factor S=1.05
has to be applied.

Te TB 1B 1B TB TB
Main
engine
IIIIIIIlII|IlIIIIllIIllIIIIll[llIlIIIlIIIIHIIIlIIIll|lllll1
0075 txn | | { | 10,075 Ly
Vo i Lkn i i
. 1 - B ¥ |
L 2e | 28 128 L 2e |
Weighti 20 AT | _l] | |
eighling ) —"_‘—"Ll' |_
factor G 125+ I I l i I
| { 1 1 1 [

B

. Transverse Bulkhead

Figure 8.1 Load on keel blocks
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C. Framing System
1. Transverse Framing
1.1 Frame Spacing

Forward of the collision bulkhead and aft of the after
peak bulkhead, the frame spacing shall, in general, not
exceed 600 mm.

1.2 Main Frames

1.2.1 Scantlings

1.2.1.1 The section modulus of the main frames
including end attachments is not to be less than:

W_ =nCs¢?Pc_k [em?]
R R
s = Spacing of main frames [m],
{ = Length of unsupported span [m] according to

Section 3, B, see also Figure 8.2. Not to be
taken less than 2.0 m,

n = 0.9-0.0035L for L <100 m.
= 0.55 for L=100 m.
/ /
C = 1.0-| "+04-"5>>06
/ /
ku = Length of lower bracket connection of main

frames within the length £ [m], see Figure 8.2,

ko = Length of upper bracket connection of main
frames within the length £ [m], see Figure 8.2,

P = Load on ship’'s sides (Ps*+Pws), bow
structures (Pig), or stern structures (Pis) as
the case may be,

Ps = Static pressure load on ship's sides [KN/m?]

according to Section 5, C.2,

Pws = Wave pressure load on ship's sides [kN/mz]
according to Section 5, D.2,

Pis = Impact load on bow structures [kN/mz]
according to Section 5, E.1,

Pis = Impact load on stern structures [kN/mz]
according to Section 5, E.2,

Cr = Factor for curved frames,

hc
= 1.0-2— , notto be taken less than 0.75

l

hc = Maximum height of curve,

k = Material factor according to Section 3, A.

Within the lower bracket connection the section modulus is
not to be less than the value obtained for C = 1.0.

Figure 8.2 Unsupported span of transverse frames

1.2.1.2 The shear area of the main frames including
end attachments is not to be less than:

upper end shear area:

2
A, =0.041-0.817m )stPk  [em)
lower end shear area:

A, =007(1-0817m JstPk  [cm?)
RU a

2
S S S

ma = 0.204—|4-| — where -<1
/ / Y

P = Load on ship’s sides (Ps+Pws), bow

structures (Pig), or stern structures (Pis) as
the case may be,
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1.2.1.3 In ships with more than 3 decks the main
frames are to extend at least to the deck above the
lowest deck.

1.2.1.4 The scantlings of the main frames are not to
be less than those of the tween deck frames above.

1.2.1.5 Where the scantlings of the main frames are
determined by direct strength calculations, the following
permissible stresses are to be observed:

bending stress : o, = = [N/mm?]
shear stress T=— [N/mm?]
k

180
equivalent stress: o, =,[o; +3t’ = IN/mm?]

1.2.1.6  Forces due to lashing arrangements acting
on frames are to be considered when determining the

scantlings of the frames.

1.2.1.7 For main frames in holds of bulk carriers see
also Section 27, B.6.2.

1.2.2 Frames in Tanks
1.2.2.1  The section modulus of frames in tanks or in

hold spaces for ballast water is not to be less than the
following value:

Wer = o.ssseZPTch [cm?]
Pr = Pst+ Por
= P11, P12, P13, P14, P1s

Por = Dynamic tank pressure load [kN/m? as
defined in Section 5, D.8,

Pst = Static tank pressure load [kN/mZ] as defined
in Section 5, C.3,

Pr = Design tank pressure load [KN/m2] according

to Section 5, C.3 and Section 5, D.8

1.2.2.2 The shear area of frames in tanks or in hold
spaces for ballast water is not to be less than:

A= 0.05(1-0.817m, ) s¢P; k [em’]

1.2.3 End Attachment

1.2.3.1 The lower bracket attachment to the bottom
structure is to be determined according to Section 3,
B.4.2 on the basis of the main frame section modulus.

1.2.3.2 The upper bracket attachment to the deck
structure and/or to the tween deck frames is to be
determined according to Section 3, B.4.2 on the basis of
the section modulus of the deck beams or tween deck

frames whichever is the greater.

1233 Where frames are supported by a
longitudinally framed deck, the frames fitted between
web frames are to be connected to the adjacent
longitudinals by brackets. The scantlings of the brackets
are to be determined in accordance with Section 3,
B.4.2 on the basis of the section modulus of the

frames.
1.3 Tween Deck and Superstructure Frames
131 General

In ships having a speed exceeding V =1.6J/L [kn],
the forecastle frames forward of 0.1L from F.P. are to
have at least the same scantlings as the frames located
between the first and the second deck.

Where further superstructures or big deckhouses are
arranged on the superstructures strengthening of the
frames of the space below may be required.

For tween deck frames in tanks, the requirements for
the section modulus W according to 1.2.2.1 is to be
observed.

1.3.2 Scantlings

1.3.2.1  The section modulus Wt and shear area Ar
of the tween deck and superstructure frames are not to

be less than:

— 2 3
WT = 0.55s¢ PCRk [cm?]

A_=0.05(L-0.817m ktPk  [cm?
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P is not to be taken less than:

2
b 2
P = 0.4(F>SC +P_. (;j [kN/m°]
Poc = Dynamic cargo load [kN/mZ] as defined in
Section 5, D.6.
Psc = Static cargo load [kN/mZ] as defined in
Section 5, C.4.
b = Unsupported span of the deck beam below

the respective tween deck frame [m].

For tween deck frames connected at their lower ends to
the deck transverses, Pmin is to be multiplied by the
factor:

e
f, = o.75+0.2TW >1.0
ew = Spacing of web frames [m]
133 End Attachment
Tween deck and superstructure frames are to be
connected to the main frames below, or to the deck.
The end attachment may be carried out in accordance

with Figure 8.3.

For tween deck and superstructure frames 1.2.3.3 is to

be observed, where applicable.

Figure 8.3 Typical end attachments of tween deck
and superstructure frames

1.4 Peak Frames and Frames in Way of the
Stern

1.4.1 Peak Frames

1.4.1.1 Section modulus Wp and shear area Ap of
the peak frames is not to be less than:

W, =0.55s¢°Pc_k [cm’]
A, = 0.05(1—0.817ma)s€Pk [cm?]

P = Load on ship's sides (Ps+Pws), bow
structures (Pig), or stern structures (Pis) as

the case may be,

1.4.1.2 Where the length of the forepeak does not
exceed 0.06L the section modulus required at half
forepeak length may be maintained throughout the
entire forepeak.

1.4.13 The peak frames are to be connected to
the stringer plates to ensure sufficient transmission of
shear forces.

1414 Ships not exceeding 30 m. in length are
to have peak frames having the same section modulus
as the main frames.

1.415 Where peaks are to be used as tanks, the
section modulus of the peak frames is not to be less
than required by 1.2.2.1.

1.4.2 Frames in way of the Stern

1421 The frames in way of the cruiser stern
arranged at changing angles to the transverse direction
are to have a spacing not exceeding 600 mm. and are
to extend up to the deck above peak tank top
maintaining the scantlings of the peak frames.

1.4.2.2 An additional stringer may be required
outside the after peak where frames are inclined
considerably and not fitted vertically to the shell.

15 Strengthenings in Fore and Aft Body

151 General

In the fore body, i.e. from the forward end to 0.15L behind
F.P. flanged brackets have to be used in principle.

As far as practicable and possible, tiers of beams or
web frames and stringers are to be fitted in the fore-
and after peak.
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1.5.2 Tiers of Beams

15.21 Forward of the collision bulkhead, tiers of
beams (beams at every other frame) generally spaced
no more than 2.6 m. apart, measured vertically, are to
be arranged below the lowest deck within the forepeak.
Stringer plates are to be fitted on the tiers of beams
which are to be connected by continuous welding to the
shell plating and by a bracket to each frame. The
scantlings of the stringer plates are to be determined
from the following formula:

width b= 75\/E [mm]
thickness

L
t=6.0+— [mm]
40

1.5.2.2 The cross sectional area of each beam is to
be determined according to D.3.2 for a load

R =PA, [kN]

As Load area of a beam [m?].

P = Load on ship’'s sides (Ps+Pws), bow
structures (Pig), or stern structures (Pis) as
the case may be,

1.5.2.3 In the after peak, tiers of beams with stringer
plates generally spaced 2.6 m. apart, measured ver-
tically, are to be arranged as required under 1.5.2.1, as
far as practicable with regard to the ship's shape.

1.5.2.4 Intermittent welding at the stringers in the
after peak is to be avoided. Any scalloping at the shell
plating is to be restricted to holes required for welding
and for limbers.

15.25 Where peaks are used as tanks, stringer
plates are to be flanged or face bars are to be fitted at
their inner edges. Stringers are to be effectively fitted to
the collision bulkhead so that the forces can be properly
transmitted.

1.5.2.6 Where perforated decks are fitted instead of
tiers of beams, their scantlings are to be determined as
for wash bulkheads according to Section 12, G. The
requirements regarding cross sectional area stipulated
in 1.5.2.2 are, however, to be complied with.

153 Web Frames and Stringers
15.3.1 Where web frames and supporting stringers
are fitted instead of tiers of beams, their scantlings are
to be determined as follows:
Section modulus:
— 2 3
W, =0.55¢  (“Pn_k [cm’]
Web shear area at the supports:

AW = OOSewflPk [sz]

o<
1

Unsupported span in [m], without

consideration of cross ties, if any,

{ = Similar to £, however, considering cross ties,
if any,
P = Load on ship’'s sides (Pst+Pws), bow

structures (Pig), or stern structures (Pis) as
the case may be,

Nc = Coefficient according to the following Table
8.1.

Table 8.1 Reduction coefficient nc

Number of cross ties nc
0 1.0
1 0.5
3 0.3
>3 0.2

1.5.3.2 Vertical transverses are to be interconnected
by cross ties the cross sectional area of which is to be

determined according to 1.5.2.2.

1.5.3.3 Where web frames and stringers in the fore
body are dimensioned by strength calculations the
stresses must not exceed the permissible stresses in
1.2.1.5.

154 Web Frames and Stringers in Tween

Decks and Superstructure Decks

Where the speed of the ship exceeds V =1.6JL [kn]
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or in ships where the bow flare angle, measured in the
ship’s transverse direction and related to the vertical
plane, exceeds 40° stringers and transverses according
to 1.5.3 are to be fitted within 0.1L from forward
perpendicular in tween deck spaces and
superstructures. The spacing of the stringers and
transverses is not to be taken less than 2.8 m.

155 Tripping Brackets

1551 Between the point of greatest breadth of the
ship at maximum draught and the collision bulkhead
tripping brackets spaced not more than 2.6 m., mea-
sured vertically, according to Figure 8.4 are to be fitted.
The thickness of the brackets is to be determined
according to 1.5.2.1. Where proof of safety against
tripping is provided tripping brackets may partly or
completely be dispensed with.

Figure 8.4 Tripping brackets
1.5.5.2 Inthe same range, in tween deck spaces and
superstructures of 3 m. and more in height, tripping
brackets according to 1.5.5.1 are to be fitted.
1.5.5.3 Where peaks or other spaces forward of the
collision bulkhead are intended to be used as tanks,
tripping brackets according to 1.5.5.1 are to be fitted
between tiers of beams or stringers.
1.5.5.4  Forice strengthening, see Section 14.
1.6 Web Frames in Machinery Spaces

1.6.1 Arrangement

1.6.1.1 In the engine and boiler room, web frames

are to be fitted. Generally, they should extend up to the
uppermost continuous deck. They are to be spaced not
more than 5 times the frame spacing in the engine

room.

1.6.1.2  For combustion engines the web frames shall
generally be fitted at the forward and aft ends of the
engine. The web frames are to be evenly distributed
along the length of the engine.

1.6.1.3 Where combustion engines are fitted aft,
stringers spaced 2.6 m. apart are to be fitted in the
engine room, in alignment with the stringers in the after
peak, if any. Otherwise the main frames are to be
adequately strengthened. The scantlings of the
stringers shall be similar to those of the web frames. At
least one stringer is required where the depth up to the
lowest deck is less than 4 m.

1.6.1.4 For the bottom structure in machinery
spaces, see B.4.

1.6.2 Scantlings

1.6.2.1  The section modulus of web frames is not to

be less than:
2 3
WW = O.Sewﬁ (PS + Pws) k [em7]

The moment of inertia of web frames is not to be less

than:
lw =100DC;(4.5D-3.5) [ecm" for 3<D<10

lw =100DC;(7.25D-31) [cm*] for D>10

C; =1+0.07(Dy - 4)

D = Ship’s depth [m], as defined in Section 1,
H.2,
Dy = Depth up to the lowest deck [m]

The scantlings of the webs are to be calculated as

follows:

depth hy =50D > 250 [mm],

hw

thickness tw = Z—j >8.0 [mm]
32+0.03hyy,
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1.6.2.2  Ships with a depth of less than 3 m. are to
have web frames with web scantlings not less than 250
x 8 mm and a minimum face sectional area of 12 cm®.

1.6.2.3 Invery wide engine rooms it is recommended
to provide side longitudinal bulkheads.

2. Bottom, Side and Deck Longitudinals,
Side Transverses

2.1 General

211 Longitudinals shall preferably be continuous
through floor plates and transverses. Attachments of
their webs to the webs of floor plates and transverses
shall be such that the reaction forces of support will be
transmitted. The permissible shear stress of 100/k
[N/mm?] is not to be exceeded.

For longitudinal frames and beams, sufficient fatigue
strength according to Section 3, D is to be
demonstrated.

Ahead of 0.1L from FP webs of longitudinals are to be
connected effectively at both ends. If the flare angle is
more than 40° additional heel stiffeners or brackets are
to be arranged.

21.2 Where longitudinals abut at transverse
bulkheads or webs, brackets are to be fitted. Within the
upper and lower hull flange, the sectional area of the
bracket at the bulkheads is to be 1.25 times the sectional
area of the longitudinal. The length of the weld
connecting brackets and longitudinals is to be about twice
the depth of the section so that the cross sectional area
of the welded joint is at least 1.5 times that of the section.
Consideration may be given to equivalent designs.

2.1.3 Outside the upper and the lower hull flange,
the cross sectional areas stipulated in 2.1.2 may be
reduced by 20 per cent.

21.4 Where longitudinals are sniped at watertight
floors and bulkheads, they are to be attached to the
floors by brackets of the thickness of plate floors, and
with a length of weld at the longitudinals equal to 2 x
depth of the bottom longitudinals. (For longitudinal
framing systems in double bottoms, see B.3.5)

2.15 For buckling strength of longitudinals see
Section 3, C.

2.2 Design Load for Longitudinals

221 Design load for bottom longitudinals due to

the external pressure is to be taken as:

P=P +P, [kN/m?]

B

Ps = Sitill water pressure load on bottom [kN/mz]
according to Section 5, C.2,

Pws = Wave pressure load on bottom [kN/m?]
according to Section 5, D.3.

222 Design load for bottom longitudinals due to
tank pressure need not to be taken greater than:

P =Py —[10Ty = (Ps +Pus)] [kN/m?]

Pr Pst + Por

Pr1, Pr2, Prs, Pra, P1s

Tmn = Smallest ballast draught [m],

Por = Dynamic tank pressure load [kN/mz] as
defined in Section 5, D.8.1,

Psr = Static tank pressure load [kN/mz] as defined
in Section 5, C.3.

P+ = Design tank pressure load [kN/mz] as defined
in Section 5, C.3 and Section 5, D.8

2.2.3 Design load for longitudinals at decks and at
ship's sides, at longitudinal bulkheads and inner bottom
in way of tanks is to be taken as:

P=P; [KN/m?]

224 Design load due to tank pressure for side
longitudinals below Tun need not to be taken greater

than:
P =P, —[10(Ty, —2)- (Ps +Pyys)] [kN/m?]
z = Distance of structure above baseline [m]
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225 Design load for side longitudinal due to the
external pressure is to be taken as load on ship’s sides
(Ps + Pws), bow structures (Pig), or stern structures (Ps)
as the case may be.

Pis = Impact load on bow structures [kN/mz]
according to Section 5, E.1,

Pis = Impact load on stern structures [kN/mz]
according to Section 5, E.2.
2.2.6 Design load for longitudinals at ship's sides,

at longitudinal bulkheads in tanks intended to be
partially filled is to be taken as:

P=P; [kN/m?]

2.2.7 Design load for deck longitudinals of the
strength deck is to be taken as:

P=P [kN/m?]
WD

Pwo = Wave load on weather deck [kN/mz] as
defined in Section 5, D.4.1.

2.2.8 Design load for deck longitudinals of the
exposed decks which are not to be treated as strength
deck is to be taken as:

P=P [kN/m?]
DE

Poe = Wave load on exposed decks [kN/mz] as
defined in Section 5, D.5.

2.2.9 Design load for longitudinals of cargo decks

and for inner bottom longitudinal is to be taken as:
— 2
P= PSI + PDI [KN/m<]

Psi Static load on the inner bottom [kN/mz]

according to Section 5, C.4.2,

Poi = Dynamic load on the inner bottom [KN/m?]
according to Section 5, D.6.4.
2.3 Scantlings of Longitudinals and

Longitudinal Beams

2.3.1 Section modulus W; and shear area A; of

longitudinals and longitudinal beams of the strength
deck are not to be less than:

W, = 83.3 nsv2p [cm?]
Op

A :0.05(1—0.817m )séPk [cm?]
4 a

k = Material factor according to Section 3, A.
{ = Unsupported span [m] according to Section
3, B. See also Figure 8.5.
2
m = m%-m2>Mk
2
s 2
Ma =0.204—|4—| — where —<1
/ L l
0 +/
me =1--——X_ K
1000/
I, ks = Effective supporting length [mm] due to heel
stiffeners and brackets at frame | and J see
Figure 8.5.
1
I3 = hg +0.3hy + =<7y +hy
G
1 (e, -03n )
C1 = + 2
l b 0.3h b h .

1/cy is to be taken zero for fb < 0.3hb

%, hy = Dimensions of the brackets [mm], see Figure
8.5,

hs = Height of the heel stiffener [mm] , see Figure
8.5,

he = Height of bracket [mm] in the distance
X, =hg+0.3h, of frame | and J
respectively,

C2 = 3 ingeneral,

C2 = 1 for flanged brackets see Figure 8.5(c).

If no heel stiffeners or brackets are arranged the
respective values are to be taken as hs=0, hp=0,
1/c1=0, as shown in Figure 8.5 (d).
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The permissible stress op is to be determined according o =@ N/ mmz] for L>90m.
to the following formulae: LB ¢
Op = Opemn —|01| < % [IN/mm?] For side:
_ 2]
O s —0.76~0LB [N/mm
L \R H 2
s =|08+r— | [N/mm?]
perm 450 ) k For deck:
- 2]
o R [N/mm?] 01p <1250 [N/mm
permmax k
oL = Axial stress in the profile considered [N/mmz] For side longitudinals W; and A; shall not be less than :
according to Section 6, D.
83 2
W/_ =—F—msl P, +PW s
Where oy values are not specified by designer, following min _‘GL‘ S S [cm’]
permmax

may be taken as a first approximation.

For bottom: A 7(1 17 ) (P p )k
sin =0.037{1-0.8 ma s/ st Pus [sz]

L
oLB=12,6~% [N/mmz] for L <90 m.

(a) (b)
l‘__[b__. ‘_[b, ol
TC
hy "
' he e
ty C C
O *% I s
Yy lA ‘ B ( Ev )
§ o
hg 1 \ 035,
AJ
—> Xp Xp «—9
2 |
|
X
Frame | 2-tp2c<25mm Frame J
*
2y
2x
0,3 - hy
[ -
k=0 A=B
) S / ‘
\ 5 \ A )
s s :
///
\'
he
hy,
.
(d)

Figure 8.5 End attachment
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For fatigue strength calculations according to Section
3.D Table 3.25, bending stresses due to local stiffener
bending and longitudinal normal stresses due to global
hull girder bending are to be combined. Bending
stresses from local stiffener bending due to lateral loads
P can be calculated as follows:

83ms/?P
6, =———+0, [Nmm? for 0<X </
A h ¢ k
W
a
o, =0,m [NNmm? for X, =h_+0
W, = Section modulus of the profile [cm3] including
effective plate width according to Section 3,
B.5.
Gh = Additional stress for fatigue strength
according to Section 3, D.
my = 1-4c,(1-0.75¢;)
hg +4p,,—¢
for positon Batl  Cg=—3 0 K
P 31 71000m

hgy + 04y — Ly

for positonBatJ Cg; =
P * " 1000¢m,

The stresses at point A shall not be less than the
stresses in adjacent fields (aft of frame | and forward of
frame J respectively).

In way of curved shell plates (e.g. in the bilge area)
section modulus Wimin shear area Amin and stress os
can be reduced by the factor Cg.

1
sttt
0.006IaR2

CR =
1+
t = thickness of shell plating [mm],

la = moment of inertia of the longitudinal frame

[cm4], including effective width,

R = bending radius of the plate [m].

2.3.2 In tanks, the section modulus is not to be less
than W according to Section 12, B.4.1.

2.3.3 Where the scantlings of longitudinals are
determined by strength calculations, the total stress
comprising local bending and normal stresses due to
longitudinal hull girder bending is not to exceed the total
stress value cperm as defined in 2.3.1.

2.3.4 For a fatigue strength analysis as per Section
3, D additional stresses due to the use of non-
symmetrical sections are to be considered which may
be determined by the procedure outlined in Section 3,
B.10.

235 Where necessary, for longitudinals between
transverse bulkheads and side transverses additional
stresses resulting from the deformation of the side
transverses are to be taken into account.

If no special verification of stresses due to web frame
deformations is carried out, the following minimum
values are to be considered for fatigue strength
verification of side longitudinals:

2

h 14

opr =101 - _RCP(l_CP) [N/mm’]
(-2, | DF

hwi = Web height of profile | [mm] see Section 3,
Figure 3.12,

0, = (hSI +0,,+hg +£bJ)10_3 [m]

see Figure 8.6,

= = Unsupported web frame length [m], see
Figure 8.6,

DF = Height of web frame [m] see Figure 8.6,

Ce = Weighting factor regarding location of the
profile,

(Z_ZRO)MR +Cq
1+2C,
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ZRo = z — coordinate of web frame outset above
basis [m] see Figure 8.6, zro < T
Cr = Correction regarding location of the profile |
to the waterline.
z
= 11-— 0<C; =01
T
DF DF
lR ik [R ik
Z z
=
TN S

Figure 8.6 Definitions

2.3.6 Where struts are fitted between bottom and
inner bottom longitudinals, see B.3.5.2.

2.3.7 For scantlings of side longitudinals in way of
those areas which are to be strengthened against
loads due to harbour and tug manoeuvres see Section
7, C.6.

2.3.8 In the fore body where the flare angle is
more than 40° and in the after body where the flare
angle is more than 75° the unsupported span of the
longitudinal located above Tmin-Cw must not be larger
than 2.6 m. Otherwise tripping brackets according to
C.1.5.5 are to be arranged. For Cw see Section 5, B.2.

2.3.9 The side shell longitudinals within the range
from 0.5 m below the minimum draught up to 2.0 m
above the maximum draught and a waterline breadth
exceeding 0,97B are to be examined for sufficient
strength against berthing impacts. The force induced by

a fender into the side shell may be determined by:

P =0.08A [kN] 0<A<2100 [t]
P =170 [kKN] 2100<A<17000 [t
P =0.01A [kN] A >17000 [t]
A = Displacement of the ship [t]

Amax = 100 000t

2.3.10 In order to withstand the load Ps the section
modulus W; of side shell longitudinals are not to be less

than:
kM
W, =—510°  [em’]
i 235
k = Material factor, according to Section 3, A.
Mg = Bending moment,
P
= t(r-05)  [kNm]
16
l = Unsupported length [m].
2.4 Side Transverses
24.1 Section modulus W and shear area Aw of

side transverses supporting side longitudinals are not to

be less than:

W = 0.55e,, /?Pk [cm°]

A, =0.05e,,(Pk [em?]

2.4.2 Where the side transverses are designed on

the basis of strength calculations the following stresses
are not to be exceeded:

op = 150 IN/mm?]
k
= 100 [N/mm?]
k

180
Oy = \[Gi + 3’[2 < T [N/mmz]

Side transverses and their supports (e.g. decks) are to
be checked according to Section 3, C with regard to
their buckling strength.

In the fore body where flare angles are larger than 40°
the web in way of the deck beam has to be stiffened.

2.4.3 In tanks the web thickness shall not be less than

the minimum thickness according to Section 12, B.2,
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and the section modulus and the cross sectional area
are not to be less than W and Aw according to Section
12, B.4.

244 The webs of side transverses within the
range from 0.5 m. below the minimum draught up to 2
m above the maximum draught and a waterline breadth
exceeding 0.9B are to be examined for sufficient
buckling strength against berthing impacts. The force
induced by a fender into the web frame may be
determined as in 2.3.9

2.4.5 In order to withstand the load Ps on the web
frames, the following condition has to be met:

P <P,

Pt = See24.4.

P = tayRy, (0.274C)  [kN]

C = 0.17 in general,

= 0.05 for web frame cut-outs with free edges

in way of continuous longitudinal,

ts = web thickness of the side transverses [mm],

Ren = minimum nominal upper yield strength
[N/mmz] of the steel used for the webs of side
transverses.

2.4.6 For scantlings of stringers supporting web

frames see 1.5.3.1.
2.5 Strengthening in the Fore and Aft Body
In the fore and aft peak web frames and stringers or

tiers of beams respectively are to be arranged
according to 1.5.

D. Deck Structures
1. General
1.1 The requirements of this sub-section apply to

supporting deck structures.

1.2 Permissible Stresses

Where the scantlings of girders not forming part of the
longitudinal hull structure, or of transverses, deck
beams, etc. are determined by means of strength
calculations the following stresses are not to be

exceeded:
150

Bending stress  : Op = o [N/mm?]

100 ,
Shear stress D T= T [N/mm?]

180

Equivalent stress : oy, = w/cﬁ +31:2 = T [N/mmz]
1.3 Buckling Strength

The buckling strength of the deck structures is to be
examined according to Section 3, C. For this purpose
the design stresses according to Section 6, D.1. and the
stresses due to local loads are to be considered.

2. Deck Beams and Girders

2.1 Transverse Deck Beams and Deck
Longitudinals

211 Section modulus Wp and shear area Ap of
transverse deck beams and of deck longitudinals

between 0.25D and 0.75D above base line are to be

determined by the following formula:
W, = CsPr%k [cm?]

A =0.05(1-0.817m, )Js/Pk [em?]

{ = Length of unsupported span [m]
2
S S S
Ma = 0.204—|4—-| — where —<1
l l l
C = 0.55
= 0.75 for beams, girders and transverses
which are simply supported on one or both
ends.
P = Deck load [kN/mz] according to Section 5.
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2.1.2 The section modulus of deck longitudinals of
decks located below 0.25D and/or above 0.75D above

base line is to be calculated according to C.2.

2.2 Attachment

2.2.1 Transverse deck beams are to be connected
to the frames by brackets according to Section 3, B.4.2.

222 Deck beams crossing longitudinal walls and
girders may be attached to the stiffeners of longitudinal
walls and the webs of girders respectively by welding
without brackets.

2.2.3 Deck beams may be attached to hatchway
coamings and girders by double fillet welds where there
is no constraint. The length of weld is not to be less
than 0.6 x depth of the section.

224 Where deck beams are to be attached to
hatchway coamings and girders of considerable rigidity
(e.g. box girders), brackets are to be provided.

2.25 Within 0.6L amidships, the arm lengths of the
beam brackets in single deck ships are to be increased
by 20 %. The scantlings of the beam brackets need,
however, not to be taken greater than required for the
Rule section modulus of the frames.

2.2.6 Regarding the connection of deck
longitudinals to transverses and bulkheads, C.2.1 is to
be observed.

2.3 Girders and Transverses

2.3.1 The section modulus is not to be less than:
2 3

W =CeP/7k [cm?]

Shear area is not to be less than:
A, = 0.05e/Pk [cm?]

e = Width of plating [m], measured from centre to
centre of the adjacent unsupported fields

2.3.2 The depth of girders is not to be less than
1/25 of the unsupported span. The web depth of girders

scalloped for continuous deck beams is to be at least
1.5 times the depth of the deck beams.

Scantlings of girders of tank decks are to be determined
according to Section 12, B.4.

2.33 Where a girder does not have the same
section modulus throughout all girder fields, the greater
scantlings are to be maintained above the supports and
are to be reduced gradually to the smaller scantlings.

2.3.4 End attachments of girders at bulkheads are
to be so dimensioned that the bending moments and
shear forces can be transferred. Bulkhead stiffeners
under girders are to be sufficiently dimensioned to
support the girders.

235 Face plates are to be stiffened by tripping
brackets according to Section 3, B.7.2.5. At girders of
symmetrical section, they are to be arranged alternately
on both sides of the web.

2.3.6 For girders in line of the deckhouse sides
under the strength deck, see Section 16, A.4.2.

2.3.7 For girders forming part of the longitudinal
hull structure and for hatchway girders see 5.

24 Supporting Structure of Windlasses and
Chain Stoppers

24.1 For the supporting structure under
windlasses and chain stoppers, the following

permissible stresses are to be observed:

bending stress o, =— [N/mmz]
k

shear stress CoT=— [N/mm?]

220
equivalent stress : oy, = \/GE +3t2 = T [N/mmz]

2.4.2 The acting forces are to be calculated for 80
% and 45 % respectively of the rated breaking load of
the chain cable, i.e.:

TURK LOYDU - HULL — JULY 2016



8-28 Section 8 — Supporting Structures D

for chain stoppers 80 %

for windlasses 80 %, where chain stoppers
are not fitted.

45 9%, where chain stoppers

are fitted.
3. Pillars
3.1 General
3.11 Structural members at heads and heels of

pillars as well as substructures are to be constructed
according to the forces they are subjected to. The
connection is to be so dimensioned that at least 1 cm?
cross sectional area is available for 10 kN of load.

Where pillars are affected by tension loads, doublings
are not permitted.

3.1.2 Pillars in tanks are to be checked for tension.
Tubular pillars are not permitted in tanks for flammable
liquids.

3.1.3 For structural element of the pillars’
transverse  section, sufficient buckling strength
according to Section 3, C has to be verified. The wall
thickness of tubular pillars which may be expected to be
damaged during loading and unloading operations is
not to be less than:

typ =4.5+0.015d, [mm] for d, <300 mm.

twp =0.03d, [mm] for d, >300 mm.
da = outside diameter of pillar [cm]
3.1.4 Pillars also loaded by bending moments have

to be specially considered.
3.2 Scantlings

The sectional area of pillars is not to be less than:

F
Aps min :10$ [cm?]

FL

Fi

op

np

As

As

fs

Is

Aps

= 0.25,/d’ +d?

Pillar load [kN],

PA +F;

Deck load [kN/mz] according to Section 5
Load Area (m2) for one pillar

Load from pillars located above the pillar
considered [kN],

Permissible compressive stress [N/mmz],

Reduction factor,

1
D+, /D> — A
2
o.5[1+ np(hg —0.2)+ xSJ
0.34 for tubular and rectangular pillars,
0.49 for open sections,

Degree of slenderness of the pillar,

K_S _ReH >0.2
gt E

Length of the pillar [cm],
Nominal yield point [N/mm?],
Young’s modulus [N/mm?],

Radius of gyration of the pillar [cm],

s
Aps

0.25dg for solid pillars of circular
cross section,

for tubular pillars,

Moment of inertia of the pillar in [cm4],

Sectional area of the pillar [m2],
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ds = Pillar diameter in [cm],

da = Outside diameter of pillar in [cm],
di = Inside diameter of pillar in [cm],
S = Safety factor,

= 2.00in general,

= 1.66 in accommodation area.

4, Cantilevers
4.1 General
41.1 In order to withstand the bending moment

arising from the deck load P, cantilevers for supporting
girders, hatchway coamings, engine casings and
unsupported parts of decks are to be connected to
transverses, web frames, reinforced main frames, or

walls.

412 When determining the scantlings of the
cantilevers and the aforementioned structural elements, it
is to be taken into consideration that the cantilever bending
moment depends on the load capacity of the cantilever,
the load capacity being dependent on the ratio of rigidity of
the cantilever to that of the members supported by it.

4.1.3 Face plates are to be secured against tilting
by tripping brackets fitted to the webs at suitable
distances see also Section 3, B.7.2.

4.1.4 Particulars of calculation, together with
drawings of the cantilever construction are to be
submitted for approval. In case of simple arrangements

submission of calculations may be dispensed with.
4.2 Permissible Stresses

421 When determining the cantilever scantlings,
the following permissible stresses are to be observed:

- Where single cantilevers are fitted at greater

distances:

2
bending stress o, = o [N/mm?]

shear stress D T=— [N/mm?]

- Where several cantilevers are fitted at smaller
distances (e.g. at every frame):

150
bending stress  : ¢, = — [N/mm?]
100 ,
shear stress D T=—o [N/mm?]
k

180
equivalent stress : Oy = 1/0?} +3c2 = T [N/mm?]

- The stresses in web frames are not to exceed
the values specified above.

4.3 Calculation of Bending Moments in
Cantilevers
43.1 The distribution of bending moments of a

cantilever construction extending over two decks,
subjected to loads P, and P, in [kN], may be calculated
in a simplified manner according to the following

formula see also Figure 8.7.
43.2 Load on Upper Cantilever Only
4.3.2.1 Cantilevers Adjacent to Hatchways

Bending moment My’ in the upper cantilever (section 1 -
1):

M, =P,(b, —e,) [KNm]

Bending moment Mgo' at upper end of upper web frame
(section 2-2)

e e
Mio = P,b, 1-29 |_ My, ~0 [KNm]
hO hO

Bending moment Mg' at lower end of upper web frame:

2
2_3(%J
hO

2
I,h e e
e |
h h

u

Mg = Pb, [kNm]

u'o u
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8-30 Section 8 — Supporting Structures D

Moment of constraint Mc' at lower end of lower web

frame:

Me=Mg——— [kNm]

Bending moment Mgy' at upper end of lower web frame
(section 5-5):

3e
My, = M| 1-—* [KNm]
2h,

4.3.2.2 Cantilevers Clear of Hatchways

The bending moments determined in accordance with
4.3.2.1 are to be multiplied by the coefficient n; to be

calculated according to the following formula:
b L1 by
2B, Ibl 2 B

1_by
2 B

N =
0.3l;h, N ﬁ N Iil
IObl Bl Ibl

@)

(b)

Figure 8.7
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1 |
ey [
| T
h, \b.l'f;“
JIL. b
I
—— d I
M
2
. B ]
Fi
Figure 8.8
4.3.3 Load on Lower Cantilever Only
4.3.3.1 Cantilevers Adjacent to Hatchways

Bending moment M," in the lower cantilever (section 4-
4):

M3 =P, (b, —e,) [kNm]
Bending moment Mg" at lower end of upper web frame:
Mg = oP,b, [kNm]

The coefficient ais to be taken from diagram 8.1 for

given values of ey / hy and €.

Bending moment Mgro" at upper end of upper web frame
(section 2 - 2):

” " e
ro=Mp -2 [kNm]
ho

Bending moment Mgy" at upper end of lower web frame

(section 5 - 5):
Mg, =BP,b, [kNm]

The coefficient B is to be taken from diagram 8.3 for

given values of ey / hy and e.

Moment of constraint Mc" at lower end of lower web

frame:

M¢ =@ P,b, [kNm]

The coefficient ¢ is to be taken from diagram 8.2 for

given values of ey / hy and «.

For cantilevers adjacent to hatchways, the ratio of
rigidity ¢ is to be calculated according to the following
formula:

lohy

luho

£=0.9

4.3.3.2 Cantilevers Clear of Hatchways

a) Where cantilevers are attached to rigid structural
elements (e.g. hatchway end beams), the bending
moment M;", which may be calculated according to the
following formula is to be considered for the upper
cantilever (section 1 - 1):

e
M!=0.2-0-P, byl 1--L [kNm]

by
b) The coefficients o, B, and ¢ required for
calculating the bending moments M;" according to a) as
well as the bending moments Mg", Mgy" and Mc"
according to 4.3.3.1 are to be taken from diagrams 8.1 -
8.3 for the ratio of rigidity

c) The bending moments determined according to
a) and b) as well as 4.3.3.1 are to be multiplied by the
coefficient m» calculated according to the following

by 1 by
2 2 Ibz 2 BZ

Ny, =
04 l2Mo Ty | D 11 b,
IObZ IUb2 BZ IbZ 2 BZ

4.3.4 Upper and Lower Cantilever Loaded

formula:

Simultaneously

a) Upper cantilever (section1-1):

Total bending moment M;

M = My (kNm]

for cantilevers adjacent to hatchways
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My =M, + M" [kNm]

for cantilevers clear of hatchways

M.’ See 4321

M." See4.3.3.24a)

b) Upper End of Upper Web Frame (section 2 - 2):

At this location, the greater one of the two bending

moments Mgo' or Mgro" is decisive for dimensioning.

Mro'

See 4.3.2.1

Mro"

See 4.3.3.1

c) Lower End of Upper Web Frame (section 3 - 3):

Total bending moment Mg

Mg = Mg' + Mg" [kNm]
Mg = See4321
Mg" = See4.3.3.1

d) Lower Cantilever (section 4 - 4):

Total bending moment M,

M, = My" [kNm]

Mx" = See4.33.1

e) Upper End of Lower Web Frame (section 5 - 5):

At this location, the greater one of the two bending

moments Mgry' or Mry" is decisive for dimensioning.

Mgy = See4.3.2.1
Mru" = See 4.3.3.1
f) Lower end of Lower Web Frame (section 6 - 6):

At this location, the greater one of the two bending

moments Mc' or Mc" is decisive for dimensioning.

Mc' = See4321
Mc" = See4.33.1
5. Hatchway Girders and Girders Forming

Part of the Longitudinal Hull Structure

5.1 The scantlings of longitudinal and transverse
hatchway girders are to be determined on the basis of
strength calculations. The calculations are to be based
upon the deck loads calculated according to Section 5.

5.2 The hatchway girders are to be so
dimensioned that the stress values given in Table 8.2

will not be exceeded.

Table 8.2 Maximum stress values oe for hatchway

girders
N . All other
Longitudinal coaming and
. hatchway
girders of the strength deck .
girders
upper and lower flanges:
ot = 150/k [N/mm?] or = 150/k
deck level : [N/mm?]
or = 70/k [N/mm?]

5.3 For continuous longitudinal coamings the
combined stress resulting from longitudinal hull girder
bending and local bending of the longitudinal coaming is
not to exceed the following value:

200
6 +0, <— [N/mm?]

ot = Local bending stress in the ship's longitudinal
direction,

oL = Design longitudinal hull girder bending stress
according to Section 6, D.1.

5.4 The equivalent stress is not to exceed the

following value:

oy = O,8+L 230 [N/mm?  for L <90 m.
450 ) k
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230 [N/mm?  for L>90 m.

2 2 2
Gy =4/Ox —OxOy +0y +31
Gy =0 +0,
oy = Stress in the ship's transverse direction,

T = Shear stress,

= 90/k [N/mm?.

The individual stresses o; and o, are not to exceed
150/k [N/mm?.

The requirements regarding  buckling

strength according to D.1.3 are to be observed.

Welding at the top of hatch coamings are
subject to special approval.

Diagram 8.1 coefficient a
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Diagram 8.2 coefficient ¢

Diagram 8.3 coefficient
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9-2 Section 9 - Stems A,B,C

A. General

1. Application

The requirements specified in this Section apply to the
construction, shape and scantlings of stems.

2. General Requirements

2.1  Adequate continuity of strength is to be ensured
at the connection of stems to the surrounding structure.
Sudden changes in sections are to be avoided.

2.2 Thickness of the plates in way of connection with
the hull structure shall be reduced to the thickness of
members to which the stem will be welded.

2.3  Steel castings of stems shall be of simple shape

with adequately long radii of casting.

2.4 The welded structure (steel casting) of the stem
shall be strengthened by transverse brackets (cast

webs).

B. Structural Arrangement

1.1 Stem steel plates shall be strengthened by
transversal brackets fitted not greater than 1 m apart
below the summer load waterline and not greater than
15 m apart above the summer load waterline.
Longitudinal strengthening for the connection with the
bottom centre girder in the stem structure shall be
provided.

1.2  Where the distance between brackets, required
in 1.1, is reduced by 0.5 m, the thickness of stem plates
may be reduced by 20% in relation to requirements
given below. The plate thickness, however, shall not be
less than that of the adjoining shell plating. The
brackets shall extend beyond the joints of the stem with
the shell plating. They shall be welded to the nearest
frames and their thickness shall be equal to that of the
shell plating.

1.3 Where a radius of curvature of the stem exceeds
200 mm at the level of the summer load waterline, a
centerline web with face plates shall be fitted from the

keel to the level of 0.15T above the summer load
waterline. The thickness of the web and the face plate
shall not be less than that of the transverse brackets.

1.4 Where a radius of curvature of the bow is large,

the stem design is subject to TL acceptance in each

particular case.

C. Stem
1. Bar Stem

1.1 The cross sectional area of a bar stem below the
load waterline is not to be less than:

Apb=141-L-17 [cm?.

1.2 Above the load waterline, the cross sectional
area of a bar stem A, may be gradually reduced to
0.75A,

2. Plate Stem

2.1  The thickness of plate stems at the design load
waterline is not to be less than:

t=6+0.08 L[mm]
tmax= 25 VK [mm]

The plate thickness must not be less than the required

thickness according to Section 7, C.5.

The extension ¢ of the stem plate from its trailing edge
aftwards must not be smaller than:

£=70 - L [mm]

Dimensioning of the stiffening has to be done according
to Section 8, C.

2.2  Above and below the design load waterline the
thickness may taper to the thickness of the shell at the
ends at the freeboard deck and to the thickness of the
flat keel plate at the forefoot, respectively. In addition,
starting from 600 mm above the design load waterline,
the thickness may gradually reduced to (0,75-t).
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2.3 For strengthening for navigation in ice see
Section 14, D.7.1

3. Bulbous Bow

3.1 Where a bulbous bow is fitted, the structural
arrangements are to be such that the bulb is adequately
supported and integrated into the forepeak structure.

3.2 The bulb structure shall be strengthened by the
stiffened horizontal platforms at spacing not exceeding
2 meters.

3.3 Where length of the bulb, measured from the
forward perpendicular, exceeds 0.03 L, the non-tight
bulkhead shall be fitted in the centreline. Where the
bulb length is less than that given above, a deep frame
may be used instead of a bulkhead.

3.4 In way of a wide bulb, additional strengthening
in the form of a centreline wash bulkhead is to be fitted.

3.5 lIrrespective of compliance with the requirements
specified in Section 7 for the thickness of the bottom
and side plating, thickness of the bulb plating shall not
be less than that determined in accordance with the
formula given in 2.1.

3.6 The form of the fore part of the hull shall
provide for free anchorage at a bulb at a heel of 5° to
the opposite side. Additional strengthening shall be
fitted in way of the possible anchor blows.
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10-2 Section 10 - Stern Frame A,B

A. Definitions

ReH Minimum nominal upper vyield point in

[N/mmz] according to Section 3, A.2.

k = Material factor according to Section 3, A.2.2,
for cast steel see Section 18, A.4.2
Cr = Rudder force in [N] according to Section 18,
B.1.
For determining preliminary scantlings the
flexibility of the rudder horn may be ignored
and the supporting force B1 may be
determined by the following formula:
B;=C b
1= bR
(In general)
Bl = CR . 0.5
(For rudders with two supports)
B4 = Support force in [N] according to Section 18,
C.3.
tk = Corrosion allowance in [mm] according to
Section 3, B.9.
X = Distance of the respective cross section from
the rudder axis in [m]
Xmin = 0,5 - l50
Xmax= /50
lso0 = Length in [m]. Refer to Figure 10.4 and Section
18, C.3.2.
B. Stern Frame
1. General

1.1 Due regard is to be paid to the design of the aft
body, rudder and propeller well in order to minimize the
forces excited by the propeller.

1.2 The following value is recommended for the
propeller clearance dopo related to 0.9 R (see Figure
10.1):

V [1-sin(0.75- 1) J0.5 + 22
XF

dov>0,004 - n- g [m]
D
R = Propeller radius, [m]
Vv = Ship's speed, see Section 1, O. [kn]
n = Number of propeller revolutions per minute
D = Maximum displacement of ship in [t]
dp = Propeller diameter in [m]
Y = Skew angle of the propeller in [°], see Figure
10.2
ZB = Height of wheelhouse deck above weather
deck in [m]
XF = Distance of deckhouse front bulkhead from
aft edge of stern in [m], see Figure 10.1
—
Zp
LWL
Figure 10.1 Propeller clearance do
1.3 For single screw ships, the lower part of the

stern frame is to be extended forward by at least 3
times the frame spacing from fore edge of the boss, for
all other ships by 2 times the frame spacing from after
edge of the stern frame (rudder post).
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Figure 10.2 Skew angle

1.4 The stern tube is to be surrounded by the floor
plates or, when the ship's shape is too narrow to be
stiffened by internal rings. Where no sole piece is fitted,
the internal rings may be dispensed with.

15 The plate thickness of sterns of welded

construction for twin screw vessels shall not be less

than:

t=(0.07L+5.0)vk [mm]

t =220k [mm]

max

2. Propeller Post
2.1 The scantlings of rectangular, solid propeller
posts are to be determined according to the following
formula:

£=14L+90 [mm]

b=16L+15 [mm]

Where other sections than rectangular ones are used,
their section modulus is not to be less than that

resulting from 7 and b.
2.2 The scantlings of propeller posts of welded

construction are to be determined according to the

following formula:

7=50L [mm]

b=36+L [mm]
t=2.44L-k [mm)]

Note:

With single-screw ships having in the propeller region above
the propeller flaring frames of more than o = 75° the
thickness of the shell should not be less than the thickness of
the propeller stem. For a. <75 °the thickness may be 0.8 t. In
no case the thickness must be less than the thickness of the

side shell according to Section 7.

This recommendation applies for that part of the shell which
is bounded by an assumed sphere the centre of which is
located at the top of a propeller blade in the twelve o’clock

position and the radius of which is 0.75 - propeller diameter.

Sufficient stiffening should be arranged, e.g. by floors at each
frame and by longitudinal girders.

2.3 Where the cross sectional configuration is
deviating from Figure 10.3 and for cast steel propeller
posts the section modulus of the cross section related

to the longitudinal axis is not to be less than:

Wy=12-L" .k [ecm?.

Figure 10.3 Propeller post

2.4 The wall thickness of the boss in the propeller
post in its finished condition is to be at least 60 per cent
of the breadth b of the propeller post according to 2.1.

25 The wall thickness of the boss in propeller
posts of welded construction according to 2.2 must not
be less than 0.9 the wall thickness of the boss

according to C.2.
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The outer diameter of the stern frame boss, however,
must not be less than the outer diameter of the propeller

boss at its forward edge.

3. Sole Piece

3.1 The section modulus of the sole piece related
to the z-axis is not to be less than:

W, T [em’]

3.2 The section modulus W, may be reduced by 15
per cent where a rudder post is fitted.

y S
=
>

557

Figure 10.4 Length s of a sole piece

3.3 The section modulus related to the y-axis is

not to be less than:

- Where no rudder post or rudder axle is fitted:

34 The sectional area at the location x = I5g is not
to be less than:

Bi 2
=—k
As 43 [mm~]
3.5 The equivalent stress taking into account

bending and shear stresses at any location within the

length {50 is not to exceed:

115
O =+/0p2+ 312 = T [N/mm?]

ob, T = Stress components [N/mm2] of the equivalent

stress, defined as:

op = [N/mm?]

W, (x)

B
T= A—i [N/mm?]

Mp = Bending moment at the section considered
[Nm];
Mb = B1'X [Nm]

Mbmax = B1'ls0 [Nm]

W, = Section moduli according to 3.2

As = Sectional area of the sole piece according to
3.4

4. Rudder Horn of Semi Spade Rudders

4.1 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.

4.2 The bending moments and shear forces are to
be determined by a direct calculation or in line with the
guidelines given in 5 and 6 for semi spade rudder with
one elastic support and semi spade rudder with 2-
conjugate elastic support respectively.

4.3 The section modulus of the rudder horn in
transverse direction related to the horizontal x-axis is at

any location z not to be less than:
= Mb ’ k
67

Wi [cm?]

M, = Bending at a rudders horn of semi spade

rudders according to 5 or 6
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Figure 10.5 Arrangement of bearings of a semi

spade rudder

By d] By B;- €w
pad //JJJ/JJ!/ ‘]| i
/ ‘u'
d ==
=
|
— ’{; z| %
€(z) Mp Q My

Figure 10.6 Loads on the rudder horn

4.4 At no cross section of the rudder horn the
shear stress due to the shear force Q is to exceed the

value:

48
T= ? [N/mmz]

The shear stress is to be determined by the following

formula:

=B (N/mm’]
An

An = Effective shear area of the rudder horn in y-

direction in [mmz].

4.5 The equivalent stress at any location (z) of the

rudder horn is not to exceed:

6, = Joi+3 (2 +3) =120k [N/mm’]

op="2 [N/mm’]
X
M -10° ,
T
T.=———— [N/mm ]
T 2:A -t
T h
Ar = Sectional area in [mm2] surrounded by the

rudder horn at the location examined
th = Thickness of the rudder horn plating.

4.6 When determining the thickness of the rudder
horn plating the provisions of 5.2 - 54 are to be
complied with. The thickness is, however, not to be less

t in:2.4 VvL-k [mm]

m:

than:

4.7 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 10.7.

Brackets or stringer are to be fitted internally in horn, in
line with outside shell plate, as shown in Figure 10.7.

Figure 10.7 Rudder horn integration into the aft ship
structure
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4.8 Transverse webs of the rudder horn are to be
led into the hull up to the next deck in a sufficient

number and must be of adequate thickness.

4.9 Strengthened plate floors are to be fitted in line
with the transverse webs in order to achieve a sufficient
connection with the hull. The thickness of these plate
floors is to be increased by 50 per cent above the Rule

values as required by Section 8, B.2.3.

4.10 The center line bulkhead (wash-plate) in the
after peak is to be connected to the rudder horn.

4.11 Scallops are to be avoided in way of the

connection between transverse webs and shell plating.

412 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.

4.13 Where the transition between rudder horn and
shell is curved, about 50 % of the required total section
modulus of the rudder horn is to be formed by the webs
in a Section A - A located in the center of the transition
zone, i.e. 0.7 - r above the beginning of the transition

zone. See Figure 10.8.

Figure 10.8 Transition between rudder horn and
shell

5. Rudder Horn of Semi Spade Rudders With
One Elastic Support

The loads on the rudder horn are as follows:

Mb = B1 -z [Nm],

Mbmax = B1-d [Nm]

q=B1[N]

Mr(z) = B1- e(z) [Nm]

Mo = Bending moment

q = Shear force

Mt = Torsional moment

B+ = Support force (refer to A.1)

Estimation for By is given below:

CR'b

1T Uy + 30

6. Rudder Horn of Semi Spade Rudders With
Two Conjugate Elastic Supports

6.1 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 Ilower and wupper supports
provided by the rudder horn:

My =Fa1-2
- Above the rudder horn upper-support:
My = Fa1- 2+ Faz- (- du)
where:
Fa1 = Support force at the rudder horn lower-support,
in N, to be obtained according to Section 18
Figure 18.7, and taken equal to B1.
Fa2 = Support force at the rudder horn upper-

support, in N, to be obtained according to
Section 18 Figure 18.7, and taken equal to B,.
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z = Distance, in m, defined in Figure 10.9, to be
taken less than the distance d, in m, defined in
the same Figure.

du = Distance, in m, between the rudder-horn lower
and upper bearings (according to Section 18
Figure 18.7,dy=d - \).

6.2 Rudder horn shear force

The shear force Qu 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:

Qn = Fas

- Above the rudder horn upper-bearing:

Qn = Fa1 + Fa2

where:

Fa1, Fa2 = 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:

MT = FA1 . e(z)

- Above the rudder horn upper-bearing:

Mt =Faq- e(z) + Fpo- e(z)

where:
Fa1, Fa2 = Support forces, in N
e(z) = Torsion lever, in m, defined in Figure 10.9.

6.3 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:

ts = Shear stress, in N/mmz, to be obtained from
the following formula:

o =
S AH
11 = Torsional stress, in N/mm?, to be obtained for
hollow rudder horn from the following formula:
1000 - My
Tty

For solid rudder horn, 7 is to be considered by TL 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/mmz, to be obtained from
the following formula:

= Fa1 +Faz
S AH
tr = Torsional stress, in Nmm2, to be obtained for

hollow rudder horn from the following formula:

1000 - My
T Fy oty

For solid rudder horn, 7 is to be considered by TL on a
case by case basis where:

Fa1, Faz = Support forces, in N;

Ay = Effective shear sectional area of the rudder
horn, in mm2, in y-direction;
Mr = Torque, in Nm;
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Fr = Mean of areas enclosed by outer and inner og = Bending stress, in N/mmz, to be obtained from
boundaries of the thin walled section of rudder the following formula:
horn, in mz;
My
5 =W,
tn = Plate thickness of rudder horn, in mm. For a X
given cross section of the rudder horn, the
maximum value of tr is obtained at the where:
minimum value of ty.
My = Bending moment at the section considered, in
6.4 Rudder horn bending stress calculation Nm.
For the generic section of the rudder horn within the Wyx = Section modulus, in cms, around the X-axis
length d, the following stresses are to be calculated: (see Figure 10.9).
Fas+Faz
i L
Fayd+Faa(h) Fai (Fa +Fa) 80
‘) !:!:;HJ'J“- - ~ = "]
Lo ! T
s JII‘T/ l}l
|
Y |
— v
d i / ‘ =
X ™ ﬂ.j X
2=d/2 S HI L
L) —
— )
Man Q, Mru
- qz} - F.A‘I ez
- -
Figure 10.9 Loads on the rudder horn (rudder with two elastic supports)
C. Propeller Brackets 2. The scantlings of solid struts are to be
determined as outlined below depending on shaft
1. The strut axes should intersect in the axis of diameter d:
the propeller shaft as far as practicable. The struts are
to be extended through the shell plating and are to be thickness 0.44d

attached in an efficient manner to the frames and plate
floors respectively. The construction in way of the shell
is to be carried out with special care. In case of welded
connection, the struts are to have a weld flange or a
thickened part or are to be connected with the shell
plating in another suitable manner. For strengthening of
the shell in way of struts and shaft bossings, see
Section 7, C. The requirements of Section 20, B.4.3 are
to be observed.

cross-sectional area
in propeller bracket 0.44 d?

wall thickness of boss 0.25 d.
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3. Propeller brackets of welded construction and
shaft bossings are to have the same strength as solid

ones according to 2.

4, For propeller brackets consisting of one strut
only a strength analysis according to D.1.2 and a
vibration analysis according to D.2. are to be carried
out. Due consideration is to be given to fatigue strength

aspects.
D. Elastic Stern Tube
1. Strength Analysis

When determining the scantlings of the projecting stern
tube in way of the connection with the hull, the following
stresses are to be proved:

1.1 Static load

Bending stresses caused by static weight loads are not
to exceed 0.35 Rep.

1.2 Dynamic load

The pulsating load due to loss of one propeller blade is
to be determined assuming that the propeller
revolutions are equal to 0.75 times the rated speed. The
following permissible stresses are to be observed:

Odperm= 0.40 Ren for Ren = 235 N/mm?

Gdperm = 0.35 Ren for Ren = 355 N/mm?

The aforementioned permissible stresses are
approximate values. Deviations may be permitted
in special cases taking into account fatigue
strength aspects.

2. Vibration Analysis

The bending natural frequency at rated speed of the
system comprising stern tube, propeller shaft and
propeller is not to be less than 1.5 times the rated
propeller revolutions. However, it is not to exceed 0.66
times the exciting frequency of the propeller (number of
propeller blades x rated propeller revolutions) and is not
to coincide with service conditions, including the

damage condition (loss of one propeller blade).
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A. Introduction
1. General
11 The requirements given in this section apply

to arrangement, strength and scantling of the watertight
bulkheads.

2. Definitions

A = Effective partial area [mm2] considering
Section 3, B,

As = Area of webs [mmz],

Aw = Web sectional area [cmz],

b = Breadth of face plate [cm],

d = Distance between face plates [cm],

e = Width of element [cm],

€pi = Distance [mm] of the centre of area of the

partial area A; from the neutral axis of the

yielded section,

hp = Distance [m] from the load centre of the
structure to a point 1 m. above the bulkhead
deck, for the collision bulkhead to a point 1
m. above the collision bulkhead,

hw = Height of web [mm],

k = Material factor according to Section 3, A,

Mp = Plastic moment [kNm],

P = Pressure load on bulkhead [kN/m2],

Q = Shear force [kN],

Qp = Plastic shear force [kN],

Ren = Minimum nominal upper yield point [N/mmz]

according to Section 3, A,

Ss = Spacing of stiffeners [m],

S = Breadth of web plate [cm],

tk = Corrosion allowance according to Section 3,
B, 9.

tw = Web thickness [mm],

twa = Web thickness, as built [mm],

w = Section modulus [cm3],

Wp = Plastic section modulus [cma],

o = Flare angle of frame section in propeller
plane measured between a vertical line and
the tangent to the bottom shell plating,

{ = Unsupported span [m],

fs = Stiffener spacing [m],

ON = Normal stress [N/mmz],

ov = Equivalent stress [N/mmz],

T = Shear stress [N/mm2],

A = Distance from the mid of hold before to the
mid of hold aft of the considered transverse
bulkhead or supporting bulkhead [m],

3. Watertight Subdivision

3.1 The  following  transverse,  watertight

bulkheads shall be fitted in all ships:

A collision bulkhead,

- An after peak bulkhead,

- A bulkhead at each end of the engine room.

In ships with machinery aft, the stern tube bulkhead

may substitute the aft engine room bulkhead.

3.2 Number and location of transverse bulkheads
fitted in addition to those specified in 3.1 are to be so
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selected as to ensure sufficient transverse strength of
the hull.

3.3 For ships which require proof of survival
capability in damaged conditions, the watertight
subdivision will be determined by damage stability
calculations. For oil tankers see Section 28, for
passenger vessels see Section 30, for special purpose
ships see Section 31, for cargo ships of more than 100
m. in length see Section 26 and for supply vessels see
Section 32.

4, Arrangement of Watertight Bulkheads
4.1 Collision Bulkhead
4.1.1 A collision bulkhead shall be located at a

distance from the forward perpendicular, not less than
0.05Lc or 10 m, whichever is less, and, except as may
be permitted by TL, not more than 0.08L¢ or 0.05L¢c+3
m, whichever is greater, see Figure 11.1.

Superstructure deck

- |

| Bulkhead deck

|
:imx, 0,08 L_or 0,05 L

T

|min. 0,05L, or 101

e - g

Figure 11.1 Location of collision bulkhead

4.1.2  Where any part of the ship below the waterline
extends forward of the forward perpendicular, e.g., a
bulbous bow, the required distances specified in 4.1.1
are to be measured from a reference point located at a
distance x forward of the F.P. which shall be the
minimum of:

- 0.5a

- 0.015Lc

- 3m

The length Lc and the distance a are to be specified in
the approval documents.

4.1.3 The collision bulkhead shall extend watertight
up to the bulkhead deck. The bulkhead may have steps
or recesses provided they are within the limits
prescribed in 4.1.1.

4.1.4 No doors, manholes, access openings, or
ventilation ducts are permitted in the collision bulkhead
below the bulkhead deck.

415 Except as provided in 4.1.6 the collision
bulkhead may be pierced below the bulkhead deck by
not more than one pipe for dealing with fluid in the
forepeak tank, provided that the pipe is fitted with a
screw down valve capable of being operated from
above the bulkhead deck, the valve chest being
secured inside the forepeak to the collision bulkhead.
TL may, however, authorize the fitting of this valve on
the after side of the collision bulkhead provided that the
valve is readily accessible under all service conditions
and the space in which it is located is not a cargo
space. All valves shall be of steel, bronze or other
approved ductile material. Valves of ordinary cast iron
or similar material are not acceptable.

4.1.6 If the forepeak is divided to hold two different
kinds of liquids TL may allow the collision bulkhead to
be pierced below the bulkhead deck by two pipes, each
of which is fitted as required by 4.1.5, provided TL is
satisfied that there is no practical alternative to the
fitting of such a second pipe and that, having regard to
the additional subdivision provided in the forepeak, the

safety of the ship is maintained.

41.7 Where a long forward superstructure is fitted
the collision bulkhead shall be extended weather tight to
the deck next above the bulkhead deck. The extension
need not be fitted directly above the bulkhead below
provided it is located within the limits prescribed in 4.1.1
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or 4.1.2 with the exception permitted by 4.1.8 and that
the part of the deck which forms the step is made
effectively weather tight. The extension shall be so
arranged as to preclude the possibility of the bow door
causing damage to it in the case of damage to, or

detachment of, a bow door.

4.1.8 Where bow doors are fitted and a sloping
loading ramp forms part of the extension of the collision
bulkhead above the bulkhead deck, the ramp shall be
weather tight over its complete length. In cargo ships
the part of the ramp which is more than 2.3 m. above
the bulkhead deck may extend forward of the limits
specified in 4.1.1 or 4.1.2. Ramps not meeting the
above requirements shall be disregarded as an
extension of the collision bulkhead.

4.1.9 The number of openings in the extension of
the collision bulkhead above the bulkhead deck shall be
restricted to the minimum compatible with the design
and normal operation of the ship. All such openings

shall be capable of being closed weather tight.

4.2 Stern Tube and Remaining Watertight
Bulkheads

421 Bulkheads shall be fitted separating the
machinery space from cargo and accommodation
spaces forward and aft and made watertight up to the
bulkhead deck. In passenger ships an after peak
bulkhead shall also be fitted and made watertight up to
the bulkhead deck. The after peak bulkhead may,
however, be stepped below the bulkhead deck,
provided the degree of safety of the ship as regards
subdivision is not thereby diminished.

4.2.2 In all cases stern tubes shall be enclosed in
watertight spaces of moderate volume. In passenger
ships the stern gland shall be situated in a watertight
shaft tunnel or other watertight space separate from the
stern tube compartment and of such volume that, if
flooded by leakage through the stern gland, the
bulkhead deck will not be immersed. In cargo ships
other measures to minimize the danger of water
penetrating into the ship in case of damage to stern
tube arrangements may be taken at the discretion of
TL.

In cargo ships a stern tube enclosed in a watertight
space of moderate volume, such as an aft peak tank,
where the inboard end of the stern tube extends
through the aft peak/engine room watertight bulkhead
into the engine room is considered to be an acceptable
solution satisfying the requirement of Chapter II-1,
Regulation 12.10 of SOLAS 1974, as amended,
provided the inboard end of the stern tube is effectively
sealed at the aft peak/engine room bulkhead by means
of an approved watertight/oiltight gland system.

5. Openings in Watertight Bulkheads
5.1 General
5.1.1 Type and arrangement of doors are to be

submitted for approval.

5.1.2 Regarding openings in the collision bulkhead
seed4.1.4-41.7.

5.1.3 In the other watertight bulkheads, watertight
doors may be fitted.

514 On ships for which proof of floatability in
damaged condition is to be provided, hinged doors are
permitted above the most unfavourable damage
waterline for the respective compartment only.
Deviating and additional requirements hereto for cargo
ships are given in SOLAS, Chapter II-1, Reg. 13-1 (as
amended by MSC.216 (82).

5.15 For bulkhead doors in passenger ships, see
Section 30, G.
5.1.6 For internal doors in watertight bulkheads in

cargo ships and passenger ships, see Ul SC156 Table
1.

5.1.7 Watertight doors are to be sufficiently strong
and of an approved design. The thickness of plating is not

to be less than the minimum thickness according to B.

5.1.8 Openings for watertight doors in the bulkheads
are to be effectively framed such as to facilitate proper
fitting of the doors and to guarantee perfect water
tightness.
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5.1.9 Before being fitted, the watertight bulkhead
doors, together with their frames, are to be tested by a
head of water corresponding to the bulkhead deck
height. After having been fitted, the doors are to be
hose- or soap- tested for tightness and to be subjected
to an operational test. Deviating and additional
requirements hereto are given in SOLAS, Chapter II-1
Reg. 16 as amended.

5.2 Hinged Doors

Hinged doors are to be provided with rubber sealings
and toggles or other approved closing appliances which
guarantee a sufficient sealing pressure. The toggles
and closing appliances are to be operable from both
sides of the bulkhead. Hinges are to have oblong holes.
Bolts and bearings are to be of corrosion resistant
material. A warning notice requiring the doors to be kept
closed at sea is to be fitted at the doors.

5.3 Sliding Doors

Sliding doors are to be carefully fitted and are to be
properly guided in all positions. The closing mechanism
is to be safely operable from each side of the bulkhead and
from above the freeboard deck. If closing of the door
cannot be observed with certainty, an indicator is to be
fitted which shows, if the door is closed or open; the
indicator is to be installed at the position from which the
closing mechanism is operated.

5.4 Penetrations through Watertight Bulkheads

Where bulkhead fittings are penetrating watertight
bulkheads, care is to be taken to maintain water
tightness by observation of SOLAS, Chapter II-1,
Reg.12, as amended. For penetrations through
collision bulkheads, 4.1.4 — 4.1.7 is to be observed.

Heat sensitive materials are not to be used in systems
which penetrate watertight subdivision bulkheads,
where deterioration of such systems in the event of fire
would impair the watertight integrity of the bulkheads.

B. Scantlings

1. Bulkhead Plating

1.1  Where holds are intended to be filled with ballast

water, their bulkheads are to comply with the
requirements of Section 12.

1.2 Bulkheads of holds intended to be used for
carrying dry cargo in bulk with a density pc > 1,0 are to
comply with the requirements of Section 27, as far as

their strength is concerned.

1.3 The thickness of the bulkhead plating is not
to be less than:

t:cpssﬁHK [mm]
P=981h, [kN/m?’]
ti = 6.0f [mm]
tk = Corrosion allowance according to Section 3, B,
Ss = Spacing of stiffeners [m],
P = Pressure load on bulkhead [kN/mZ],
hp = Distance from the load centre of the structure

to a point 1 m. above the bulkhead deck, for
the collision bulkhead to a point 1 m. above
the collision bulkhead. For dry cargo ships
with proven damage stability see Section 26.
For the definition of “load centre” see Section

5 A21,
cp = 1.1\/; for collision bulkhead
= 0.9VF for other bulkheads
235
f = —
ReH
Rei = Minimum nominal upper yield point [N/mmz]

according to Section 3, A.

For ships with large deck openings according to Section
6, F, the plate thickness of transverse bulkheads is not
to be less than:

Al D(D 5
t=C |——————< = | = =T [+T" +1t,
; 11\ V2\2 [mm]
FlReH 2+T
ss L

TURK LOYDU — HULL —JULY 2016



11-6 Section 11 — Watertight Bulkheads B

C = 13, in general,

= 15, below z = 0.2D and above 0.8D and
generally in the fore body before x/L=0.8,

AL = Distance from the mid of hold before to the
mid of hold aft of the considered transverse
bulkhead or supporting bulkhead [m],

ss, Is Spacing of stiffeners [m],

F4 = Correction factor for boundary condition at
the longitudinal stiffeners See Table 11.1.

Table 11.1 Correction Factor

2. Stiffeners

2.1 The section modulus of bulkhead stiffeners is

not to be less than:

1,0 for stiffeners sniped at both ends

W = cgsg/ 2P [em’]
{ = Unsupported span [m], according to Section
3, B,

Cs = Coefficient according to Table 11.2

Table 11.2 Coefficient cs

c Collision Other

S bulkhead |bulkheads
Constraint of both ends 0.33-f 0.265 - f

Guidance values where both ends are effectively
connected to adjacent structures * :

1,05 for flat bars

1,10 for bulb sections

1,20 for angle and tee-sections

1,30 for girders of high rigidity

(e.g. bottom transverses)

Simple support of one end and

constraint at the other end 0.45-1 0.36 - f

Both ends simply supported 0.66 - f 0.53-f

For the definition of "constraint" and "simply supported”, see
Section 3, B.

*

Exact values may be determined by direct

calculations.

14 In small ships, the thickness of the bulkhead
plating need not exceed the thickness of the shell
plating for a frame spacing corresponding to the

stiffener spacing.

1.5 The stern tube bulkhead is to be provided
with a strengthened plate in way of the stern tube.

1.6 In areas where concentrated loads due to
ship manoeuvres at terminals may be expected, the
buckling strength of bulkhead plate fields directly
attached to the side shell, is to be examined according
to Section 8, C.2.3.4 and 2.3.5.

1.7 When determining the bulkhead scantlings of
tanks, connected by cross-flooding arrangements, the
increase in pressure head at the immersed side that
may occur at maximum heeling in the damaged
condition shall be taken into account.

2.2 In horizontal part of bulkheads, the stiffeners
are also to comply with the rules for deck beams
according to Section 8, D.

2.3 The scantlings of the brackets are to be de-
termined in dependence of the section modulus of the
stiffeners according to Section 3, B.4. If the length of the
stiffener is 3.5 m. and over, the brackets are to extend

to the next beam or the next floor.

24 Unbracketed bulkhead stiffeners are to be
connected to the decks by welding. The length of weld
is to be at least 0.6 x depth of the section.

25 If the length of stiffeners between bulkhead
deck and the deck below is 3 m. and less, no end
attachment according to 2.4 is required. In this case the
stiffeners are to be extended to about 25 mm from the
deck and sniped at the ends. See also Section 3, B.3.

2.6 Bulkhead stiffeners cut in way of watertight
doors are to be supported by carlings or stiffeners.

3. Corrugated Bulkheads

3.1 The plate thickness of corrugated bulkheads
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is not to be less than required according to 1.3. For the
spacing s, the greater one of the values b or s in [m]

according to 3.3 is to be taken.

3.2 The section modulus of a corrugated bulk-
head element is to be determined according to 2.1. For
the spacing s, the width of an element e, in [m]
according to 3.3 is to be taken. For the end attachment

see Section 3, B.4.

33 The actual section modulus of a corrugated
bulkhead element is to be assessed according to the

following formula:

W= td(b + %) [cm?]

e = Width of element [cm],

b = Breadth of face plate [cm],

s = Breadth of web plate [cm],

d = Distance between face plates [cm],
t = Plate thickness [cm],

o > 45°

lt— b —»]

A

_.!b/gl_,_ ki s
L——!——l -

e C J———:

Figure 11.2 Element of a corrugated bulkhead

pe—

4. Primary Supporting Members

4.1 General

Primary supporting members are to be dimensioned
using direct calculation as to ensure the stress criteria
according to 4.3.1 for normal operation and the criteria
according to 4.3.2 if any cargo hold is flooded.

Regarding effective width and buckling proof in each

case Section 3, C shall be observed.

In areas with cut-outs 2nd order bending moments shall
be taken into account.

4.2 Load Assumptions

42.1 Loads During Operation

Loads during operation are the external water pressure,
see Section 5, and the loads due to cargo and filled
tanks, see Section 16, Section 17, and if relevant
depending on the deck opening Section 6, F.

422 Loads in Damaged Condition

The loads in case of hold flooding shall be determined
considering Section 26.

4.3 Strength Criteria
43.1 Load Case “Operation”

With loads according to 4.2.1 the following permissible
stresses are to be used:

Gy =40 +31° < % [N/mm?]

Normal stress < 150/k [N/mmz],

ON

Shear stress < 100/k [N/mmz],

a
1

If necessary Section 6, F must be observed in addition.

4.3.2 Load Case “Hold Flooding”

The thickness of webs shall not be smaller than:

t, =1000Q [mm]
Tperth
Q eH
T =727 |—— < 2
perm Ishy, 208 (N/mm’]
Q = Shear force [kN],
hw = Height of web [mm],
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ss, s = Lengths of stiffeners of the unstiffened web
field, where hy 2 {s < ss

433 Dimensioning of Primary Supporting
Members

For dimensioning primary supporting members plastic
hinges can be taken into account. This can be done
either by a non-linear calculation of the total bulkhead or
by a linear girder grillage calculation of the idealized
bulkhead.

When a linear girder grillage calculation is done only
those moments and shear forces are taken as boundary
conditions at the supports, which can be absorbed by
the relevant sections at these locations in full plastic
condition.

The plastic moments are calculated by:

W, R
M, =——H  [kNm]
1200C

C =11 for the collision bulkhead,

=1.0 for cargo hold bulkheads.

The plastic shear forces are:

_AsRan kN
" 2080C
As = Area of webs [mz],

For the field moments and shear forces resulting by that

the sections are defined in such a way that the condition

ov < Ren is fulfilled.

The plastic section moduli are to be calculated as

follows:
n
Wp =0.0013 Aje,,; [em?]
i=1
€pi = Distance [mm] of the centre of area of the

partial area A; from the neutral axis of the
yielded section. The neutral axis shall not be

taken in a position lower than the lowest

point of the web.

Ai = Effective partial area [mmz] considering
Section 3, B.5.

In this connection the area As of webs transferring
shear must not be taken into account.

That part of the web height related to shear transfer
must not be less than:

t
Ahy =hy
Wa
twa = As built thickness of the web > tw

Where girders are built up by partial areas A; with
different yield stress Reni the plastic moments are

calculated by:

n
2 AR i ep;
N E [kNm]
b=
1.2x10%C
The plastic shear forces are:
n
2 AgR
=5 —= [kN]
2080C
5. Watertight Bulkheads and Tank Bulkheads

for Ships Engaged in Sheltered Water Service
(Assigned with the Notations K6, L1 and L2)

5.1 The scantlings of watertight bulkheads are to
be determined according to Section 11.

The plate thickness need not be greater than the
midship thickness of the side shell plating at the
corresponding frame spacing.

However, the plate thickness is not to be less than 3.5
mm for the lowest plate strake and 3.0 mm for the
remaining plate strakes

52 The scantlings of tank bulkheads and tank

walls are to be determined according to Section 12.

TURK LOYDU — HULL —JULY 2016



B,C Section 11 — Watertight Bulkheads 11-9

However, the thickness of plating and stiffener webs is
not to be less than 5 mm.

C. Shaft Tunnels
1. General
1.1 Shaft and stuffing box are to be accessible.

Where one or more compartments are situated between
stern tube bulkhead and engine room, a watertight shaft
tunnel is to be arranged. The size of the shaft tunnel is
to be adequate for service and maintenance purposes.

1.2 The access opening between engine room
and shaft tunnel is to be closed by a watertight sliding
door complying with the requirements according to
A.5.3. For extremely short shaft tunnels watertight doors
between tunnel and engine room may be dispensed

with subject to special approval.

1.3 Tunnel ventilators and the emergency exit
are to be constructed watertight up to the freeboard
deck.

2. Scantlings

2.1 The plating of the shaft tunnel is to be

dimensioned as for a bulkhead according to B.1.

2.2 The plating of the round part of tunnel tops
may be 10 per cent less in thickness.

2.3 In the range of hatches, the plating of the tunnel
top is to be strengthened by not less than 2 mm unless
protected by a ceiling.

On container ships this strengthening can be dispensed
with.

2.4 The section modulus of shaft tunnel stiffeners
is to be determined according to B.2.

25 Horizontal parts of the tunnel are to be
treated as horizontal parts of bulkheads and as cargo
decks respectively.

2.6 Shaft tunnels in tanks are to comply with the

requirements of Section 12.

2.7 The tunnel is to be suitably strengthened
under pillars.
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Section 12 — Tank Structures

A

A. General
1. Introduction
1.1 The requirements given in this section apply

to strength and scantling of the tank structures.

1.2 Where a tank bulkhead forms part of a wa-
tertight bulkhead, its strength is not to be less than
required by Section 11.

1.3 For tanks in the double bottom, see Section
8,B.3.6.

1.4 For cargo oil tanks see Section 28.

15 For dry cargo holds which are also intended

to be used as ballast water tanks, see C.2.

1.6 For testing of tanks, see H.

1.7 Where tanks are provided with cross flooding
arrangements the increase of the pressure head is to be
taken into consideration see also Section 30 and
Section 26.

2. Definitions

Aw = Cross sectional area [cm?],

B = Breadth of ship [m], as defined in Section 1,
H.2,

b = Breadth of face plate strip [cm],

bst = Breadth of stringer or depth of vertical girder
including end bracket (if any) [m] at the
supporting points,

o = Tank breadth in [m],

dp = Propeller diameter [m],

et = Characteristic tank dimension {; or bt [m],

foade = Propeller blade passage excitation frequency
at n [HZz],

fign = Main engine ignition frequency at ne,

fplate

fstifr

kstroke

Pst

Pr

Pw

Lowest natural frequency of isotropic plate

field wunder consideration of additional

outfitting and hydrodynamic masses [Hz],

Lowest natural frequency of stiffener under
consideration of additional ouffitting and

hydrodynamic masses [Hz],

Head measured from the load centre of plate
panel or stiffener respectively to the top of
overflow,

Material factor according to Section 3, A,

Number indicating the type of main engine,

Length of ship [m], as defined in Section 1,
H.2,

Maximum propeller shaft revolution rate
[1/min],

Number of cylinders of main engine,

Maximum main revolution rate

[1/min],

engine

Pressure load on bulkhead [kN/mZ],

Supporting force of stringer or vertical girder
[kN],

Dynamic tank pressure [kN/m2] according to
Section 5, D,

Static tank pressure [kN/m2] according to
Section 5, C,

Design tank pressure [kN/mz] according to
Section 5, C.3 and Section 5, D.8.

Pst + Por

Pr1, P12, P13, P14, P1s

For tank structures of tanks adjacent to the
shell the pressure Pt below Tmin need not be
larger than:

Pst - p.9.(Tmin — 2) + Por + Py < (Pst + Por)
[KN/m?].

Pws or Pws as applicable
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Pws

Pws

Tmin

Xr

ReH

Rep

tx

tmin

tp

Tc

Te

Tr

&

Ob

Wave load on side shell [kN/mz] according to
Section 5, D.2.

Wave load on bottom [kN/mz] according to
Section 5, D.3.

Smallest design ballast draught [m]

Distance of plate field or stiffener to 12
o’clock propeller blade tip position [m],

Minimum nominal upper yield point [N/mmz]
according to Section 3, A,

Minimum nominal upper yield point of the
cladding at service temperature [N/mm2],

Spacing of stiffeners or load width [m],

Plate thickness [mm],

Corrosion allowance according to Section 3, B,
Minimum plate thickness [mm],

Thickness of the cladding [mm],

Carriage temperature of liquid cargo [°C],
Pitch period [s], as defined in Section 5, B.2,
Roll period [s], as defined in Section 5, B.3,
Natural period of liquid in tank [s],

Section modulus [cm3],

Number of propeller blades,

Flare angle of frame section in propeller
plane measured between a vertical line and

the tangent to the bottom shell plating,

Unsupported span [m], as defined in Section
3,B,

Tank length in [m],

Bending stress [N/mmz],

oD = Compressive stress [N/mmz],

oL = Membrane stress at the position considered
in [N/mm?] according to Section 6, D.1,

ov = Equivalent stress [N/mm?],
T = Shear stress [N/mm?],
T = Shear stress due to longitudinal hull girder

bending in [N/mmz] , as defined in Section 6,
D.1.

Tst = Shear stress introduced by the stringer into the

longitudinal bulkhead or side shell [N/mmz],
3. Subdivision of Tanks

3.1 In tanks extending over the full breadth of the
ship intended to be used for partial filling, (e.g. oil fuel
and fresh water tanks), at least one longitudinal
bulkhead is to be fitted, which may be a wash bulkhead.

3.2 Where the forepeak is intended to be used
as tank, at least one complete or partial longitudinal
wash bulkhead is to be fitted, if the tank breadth
exceeds 0.5B or 6 m., whichever is the greater.

When the after peak is intended to be used as tank, at
least one complete or partial longitudinal wash bulkhead
is to be fitted. The largest breadth of the liquid surface
should not exceed 0.3B in the aft peak.

3.3 Peak tanks exceeding 0.06L or 6 m. In
length, whichever is greater, shall be provided with a
transverse wash bulkhead.

4. Air, Overflow and Sounding Pipes

Each tank is to be fitted with air pipes, overflow pipes
and sounding pipes. The air pipes are to be led to
above the exposed deck.

The arrangement is to be such as to allow complete
filling of the tanks. The height from upper surface of
deck to their openings is to be at least 760 mm. on the
freeboard deck and 450 mm. on a superstructure deck.
See also Section 16, D.
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12-4 Section 12 — Tank Structures A,B

The sounding pipes are to be led to the bottom of the

tanks (see also Chapter 4, Machinery Section 11).

5. Forepeak Tank

Qil is not to be carried in a forepeak tank. See also
SOLAS 74, Chapter 1I-2, Reg. 15.6 and MARPOL 73/78
Annex |, Reg. 14.4.

6. Separation of Oil Fuel Tanks From Tanks
for Other Liquids

6.1 The arrangement and subdivision of fuel oil
tanks has to be in compliance with MARPOL, Annex I,
Reg. 12 A "Oil Fuel Tank Protection" and see Unified
Interpretations MPC 94.

6.2 Oil fuel tanks are to be separated from tanks
for lubricating oil, hydraulic oil, thermal oil, vegetable oil,
feed water, condensate water and potable water by
cofferdams.

6.3 Upon special approval on small ships the ar-
rangement of cofferdams between oil fuel and Ilu-
bricating oil tanks may be dispensed with provided that:

6.3.1 The common boundary is continuous, i.e. it
does not abut at the adjacent tank boundaries, see
Figure 12.1.

Where the common boundary cannot be constructed
continuously according to Figure 12.1, the fillet welds
on both sides of the common boundary are to be
welded in two layers and the throat thickness is not to
be less than 0.5t (t = plate thickness);

~~___ comman
boundary

[

Figure 12.1 Continuous common boundary

replacing a cofferdam

6.3.2  Stiffeners or pipes do not penetrate the com-
mon boundary;

6.3.3 The corrosion allowance tx for the common

boundary is not less than 2.5 mm.

6.4 Oil fuel tanks adjacent to lubricating oil
circulation tanks are not permitted.

6.5 For fuel oil tanks which are heated up to a
temperature which is higher than the flash point -10°C
of the relevant fuel Chapter 4, Machinery Installations,

Section 10, B.5 is to be observed specifically

7. Tanks for Heated Liquids

7.1 Where heated liquids are intended to be car
ried in tanks, a calculation of thermal stresses is
required, if the carriage temperature of the liquid
exceeds the following values:

Tc = 65 °C in case of longitudinal framing,
Tc = 80 °C in case of transverse framing.
7.2 The calculations are to be carried out for both

temperatures, the actual carriage temperature and the
limit temperature T¢ according to 7.1.

The calculations are to give the resultant stresses in the
hull structure based on a sea water temperature of 0 °C
and an air temperature of 5 °C.

Constructional measures and/or strengthening will be
required on the basis of the results of the calculation for
both temperatures.

B. Scantlings
1. Plating
1.1 The plate thickness is not to be less than:

t=1.1s4Prk +t, [mm]

P+ = Design tank pressure load [kN/mz] according to
A2.
k = Material factor according to Section 3, A,
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B Section 12 — Tank Structures 12-5

s = Spacing of stiffeners or load width in [m],

tx = Corrosion allowance according to Section 3,
B.

1.2 The thickness of tank boundaries (including

deck and inner bottom) carrying also normal and shear
stresses due to longitudinal hull girder bending is not to
be less than:

P
t=16.8ns [—— + 1ty [mm]

Gpé

n¢ = 1.0 for transverse stiffening

= 0.83 for longitudinal stiffening
235Y’ 2
Opt = (Tj ~311 —0.896; [N/mm?]

oL = Membrane stress at the position considered

in [N/mmz] according to Section 6, D.1.

TL = Shear stress due to longitudinal hull girder
bending in [N/mm?] at the position considered

see also Section 6, D.1.

1.3 Proof of buckling strength of longitudinal
bulkhead plating exposed to compressive stresses due
to longitudinal hull girder bending is to be carried out

according to Section 3, C.

For longitudinal bulkheads the design stresses
according to Section 6, D.1 and the stresses due to the

local loads are to be considered.
2. Minimum Thickness

2.1 The thickness of all structures in tanks is not

to be less than the following minimum value:

=5.5+0.02L [mm]

tmin

2.2 For fuel oil, lubrication oil and freshwater
tanks tmin need not to be taken greater than 7.5 mm.

2.3 For ballast tanks of dry cargo ships tmin need
not be taken greater than 9.0 mm.

2.4 For oil tankers see Section 28.
3. Thickness of Clad Plating
3.1 Where the yield point of the cladding is not

less than that of the base material the plate thickness is

to be determined according to B.1.
3.2 Where the yield point of the cladding is less

than that of the base material the plate thickness is not

to be less than:

t=0.55s (PT)E +t, [mm]
A
t t
A=025 —2_11{14 —2—11(1—#)} for one side clad steel

t t
A =025 _TP[I _TP}(I —1) for both side clad steel

t

Plate thickness including cladding [mm]

te = Thickness of the cladding [mm],

r — ReP
ReH

Ree = Minimum nominal upper yield point of the
cladding at service temperature [N/mmz],

Rew = Minimum nominal upper yield point of the
base material according to Section 3, A
[IN/mm?].

3.3 The plate thicknesses determined in accor-

dance with 3.1 and 3.2 respectively may be reduced by

0.5 mm.
4, Stiffeners and Girders
4.1 Stiffeners and Girders, which are not

Considered as Longitudinal Strength Members
4.1.1 The section modulus of stiffeners and

girders constrained at their ends is not to be less
than:

W = 0.55s¢" Pk [em’]

TURK LOYDU — HULL —JULY 2016



12-6 Section 12 — Tank Structures B

P+ = Design tank pressure load [kN/m2] according to
A.2.

Where one or both ends are simply supported, the
section moduli are to be increased by 50 per cent.

The cross sectional area of the girder webs is not to be
less than:

Ay =0.055(P k [em?]

The buckling strength of the webs is to be checked
according to Section 3, C.

4.1.2 Where the scantlings of stiffeners and
girders, are determined according to strength

calculations, the following permissible stress values
apply:

ob = IN/mm?]
k
. =10 [N/mm?]
k
180
ov =40 +31° = IN/mm?]
4.2 Stiffeners and Girders, which are to be

considered as Longitudinal Strength Members

421 The section moduli and shear areas of
horizontal stiffeners and girders, which are to be
considered as longitudinal strength members, are to be
determined according to Section 8, C.2.3.1 as for
longitudinals. In this case for girders supporting transverse
stiffeners the factors m = 1 and m, = 0 are to be used.

4.2.2 Regarding buckling strength of girders, the
requirements of B.1.3 are to be observed.

423 The scantlings of beams and girders of tank
decks are also to comply with the requirements of
Section 8, D.

4.2.4 For frames in tanks, see Section 8, C.1.2.2.

425 The stiffeners of tank bulkheads are to be
attached at their ends by brackets according to Section
3, B.4.2. The scantlings of the brackets are to be
determined according to the section modulus of the
stiffeners. Brackets must be fitted where the length of

the stiffeners exceeds 2 m.

The brackets of stiffeners are to extend to the next
beam, the next floor, the next frame, or are to be
otherwise supported at their ends.

4.2.6 Where stringers of transverse bulkheads are
supported at longitudinal bulkheads or at the side shall,
the supporting forces of these stringers are to be
considered when determining the shear stress in the
longitudinal bulkheads. Likewise, where vertical girders
of transverse bulkheads are supported at deck or inner
bottom, the supporting forces of these vertical girders
are to be considered when determining the shear
stresses in the deck or inner bottom respectively. The
shear stress introduced by the stringer into the
longitudinal bulkhead or side shell may be determined

by the following formula:

PSt

Tg =—— N/mm?
St 2oy t [ 1

Pst = Supporting force of stringer or vertical girder
[kN]

bst = Breadth of stringer or depth of vertical girder
including end bracket (if any) [m] at the
supporting points

t = SeeB.1.2

The additional shear stress tst is to be added to the
shear stress 1. due to longitudinal bending according to
Section 5, D.1 in the following area:

- 0.5 m on both sides of the stringer in the ship’s
longitudinal direction,

- 0.25bgst above and below the stringer

Thereby the following requirement must be satisfied:

110 _ Pg
—>> 47
k  2bgt
5. Plating and Stiffeners in the Propeller

Area and in the Engine Room

51 General

From a vibration point of view tank structures in the

TURK LOYDU — HULL —JULY 2016
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vicinity of the propeller and the main engine should be
designed such that the design criteria defined in 5.2 to
5.3 are fulfilled.

5.2  Tank Structures in Propeller Area
For vessels with a single propeller, plate fields and

stiffeners of tank structures within d, = 5 should fulfil the
following frequency criteria:

6.3
For o> 60 OC fplate > d_fblade
6.3
foir > d_rfblade
3.15
For a <60 OC fplate > d_fblade
T
o = Flare angle of frame section in propeller

plane measured between a vertical line and
the tangent to the bottom shell plating,

. Xr
dr = Ratio —
dp

dr needs not to be taken less than 1.3,

Xr = Distance of plate field or stiffener to 12
o’clock propeller blade tip position [m],

dp = Propeller diameter [m],

foaste = Lowest natural frequency of isotropic plate
field under consideration of additional
outfitting and hydrodynamic masses [Hz],

fstifr = Lowest natural frequency of stiffener under
consideration of additional ouftfitting and
hydrodynamic masses [Hz],

foade = Propeller blade passage excitation frequency
at n [HZz],

= 12 [Hg
60

n = Maximum propeller shaft revolution rate
[1/min],

Z = Number of propeller blades,

fign = Main engine ignition frequency at ne
kstrokencne [HZ]
60
Ne = Maximum main engine revolution rate [1/min]
Ne = Number of cylinders of main engine
kstoke = Number indicating the type of main engine
= 1.0 for 2-stroke (slow-running) main
engines
= 0.5 for 4-stroke (medium speed) main
engines (The number is valid for in-line
engines. The ignition frequency for V-
engines depends on the V-angle of the
cylinder banks and can be obtained
from the engine manufacturer)
53 Tank Structures in Main Engine Area

Plate fields and stiffeners of tanks located in the engine
room should at all filling states fulfil the frequency
criteria as summarized in Table 12.1.

Generally, direct connections between transverse
engine top bracing and tank structures shall be avoided.
Pipe fittings at tank walls etc. shall be designed in such
a way that the same frequency criteria as given for
plates are fulfilled.

6. Corrugated Bulkheads

6.1 The plate thicknesses of corrugated bulkheads
as well as the required section moduli of corrugated
bulkhead elements are to be determined according to 1
and 4, proceeding analogously to Section 11, B.6.

The plate thickness is not to be less than tmin according
to B.2, or

b
t=——.Jop +t
905 VoD Tk [mm]
oD = Compressive stress [N/mmz]
b = Breadth of face plate strip [cm].
6.2 For the end attachment Section 3, B.4 is to
be observed.
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Table 12.1 Frequency criteria

Engine type Mounting type Application area Frequency criteria
fplate >12- fign
fstiff >1.2- fign

Slow — Speed Rigid Tanks within engine room and

fplate <18- fign or
fplate >22- fign

Rigid or semi-resilient
Medium — Speed

Tanks within engine room

fplate <0.8- fign or
fplate >1.2- fign
fstiff < 08 ) fign or

fstiff >1.2- fign
Resilient Tanks within engine Ier)gth up to next | foae <0.9 - fign OF
platform deck above inner bottom folate > 1.1 - fign
C. Tanks with Large Lengths or Breadths 2. Hold Spaces for Ballast Water

1. General

Tanks with lengths & >0.1L or breadths b; >0.6B (e.g.
hold spaces for ballast water) which are intended to be
partially filled, are to be investigated to avoid resonance
between the liquid motion and the pitch or roll motion of
the ship. If necessary, critical tank filling ratios are to be
avoided. The natural periods of the liquid in the tank

may be determined by the following formula:

Natural period of liquid in tank:

T, = 1.1321/%t [s]

£ = Tank length [m],
o = Tank breadth [m],
et = Characteristic tank dimension £ or bt [m],
f = tanh(ﬂl
€t
Tp = Pitch period [s], as defined in Section 5, B.2,
Tr = Roll period [s], as defined in Section 5, B.3,

In addition to the requirements specified under 1 above
for hold spaces of dry cargo ships and bulk carriers,
which are intended to be filled with ballast water, the
following is to be observed:

21 For hold spaces only permitted to be com-
pletely filled, a relevant notice will be entered into the
Certificate.

2.2 Adequate venting of the hold spaces and of

the hatchway trunks is to be provided.

2.3 For frames also Section 8, C.1.2.2 is to be
observed.

D. Vegetable Oil Tanks

1. Further to the regulations stipulated under A

and B for vegetable oil tanks, the following requirements
are to be observed.

2. Tanks carrying vegetable oil or similar liquids,
the scantlings of which are determined according to B,
are to be either fully loaded or empty. A corresponding
note will be entered into the Certificate.

These tanks may be partially filled provided they are
subdivided according to A.1. Filling ratios between 70
and 90 per cent should be avoided.
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3. In tanks carrying vegetable oil or similar
liquids sufficient air pipes are to be fitted for pressure
equalizing. Expansion trunks of about 1 per cent of the
tank volume are to be provided. Where the tank is
subdivided by at least one centre line bulkhead, 3 per
cent of the tank may remain empty and be used as

expansion space.

E. Detached Tanks
1. General
1.1 Detached tanks are to be adequately secured

against forces due to the ship's motions.

1.2 Detached tanks in hold spaces are also to be
provided with anti-floatation devices. It is to be assumed
that the hold spaces are flooded to the load water line.
The stresses in the anti-floatation devices caused by the
floatation forces are not to exceed the material's yield
stress.

1.3 Detached oil fuel tanks should not be
installed in cargo holds. Where such an arrangement
cannot be avoided, provision is to be made to ensure
that the cargo cannot be damaged by leakage oil.

1.4 Fittings and piping on detached tanks are to
be protected by battens, and gutter ways are to be fitted
on the outside of tanks for draining any leakage oil.

2. Scantlings

2.1 The thickness of plating of detached tanks is
to be determined according to B.1 and the pressure P

as defined in 2.2.

2.2 The section modulus of stiffeners of detached

tanks is not to be less than:
W =Cs/?Pk [cm?]

C

0.36 if stiffeners are constrained at both ends

0.54 if one or both ends are simply supported

For the terms "constraint" and "simply
supported" see Section 3, B.4.

{ = Unsupported span [m] according to Section
3, B.

P = 9.81h [kN/m?]

h = Head measured from the load centre of plate

panel or stiffener respectively to the top of
overflow; the height of overflow is not to be
taken less than 2.5 m.

2.3 For minimum thickness the requirements of
B.2 apply in general.

F. Potable Water Tanks

1. Potable water tanks shall be separated from
tanks containing liquids other than potable water, ballast

water, distillate or feed water.

2. In no case sanitary arrangement or
corresponding piping are to be fitted directly above the

potable water tanks.

3. Manholes arranged in the tank top are to
have sills.
4. If pipes carrying liquids other than potable

water are to be led through potable water tanks, they
are to be fitted in a pipe tunnel.

5. Air and overflow pipes of potable water tanks

are to be separated from pipes of other tanks.

G. Wash Bulkheads

1. The total area of perforation shall not be less
than 5 % and should not exceed 10 % of the total

bulkhead area.

2. The plate thickness shall, in general, be
equal to the minimum thickness according to B.2.
Strengthenings may be required for load bearing

structural parts.

The free lower edge of a wash bulkhead is to be
adequately stiffened.
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3 The section modulus of the stiffeners and H. Testing for Tightness
girders is to be determined in accordance with B.4.
Testing of oil fuel, ballast, trimming, feed water, fresh
4. For wash bulkheads in oil tankers see also water, cargo and anti-rolling tanks is to be effected by a
Section 28, H. combination of a leak test by means of air pressure and
an operational test by means of water or the liquid for
which the tank is to be observed (For testing procedures
of watertight compartments, refer to Section 3, E.2.1
and E.2.2).
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A. Introduction
1. General
1.1 The requirements in this section apply to

arrangement and scantlings of superstructures and

deckhouses.
2. Definitions
2.1 A superstructure is a decked structure on the

freeboard deck extending from side to side of the ship
or with the side plating not being inboard of the shell
plating more than 0.04B.

2.2 A deckhouse is a decked structure above the
strength deck the side plating being inboard of the shell
plating more than 0.04B.

23 A long deckhouse is a deckhouse the length
of which within 0.4L amidships exceeds 0.2L or 12 m,
where the greater value is decisive. The strength of a

long deckhouse is to be specially considered.

2.4 A short deckhouse is a deckhouse not
covered by the definition given in 2.3.

2.5 Superstructures extending into the range of
0.4L amidships and the length of which exceeds 0.15L
are defined as effective superstructures. Their side
plating is to be treated as shell plating and their deck as
strength deck, see Section 7.

2.6 All superstructures being located beyond
0.4L amidships or having a length of less than 0.15L or
less than 12 meters are, for the purpose of this Section,

considered as non-effective superstructures.

2.7 For deckhouses of aluminium, Section 3, A.4
is to be observed.

2.8 Scantlings of isolated funnels are to be
determined as for deckhouses.

2.9 Throughout this Section the following
definitions apply:

ar

ar

av

As

br

Cw

FWa

Fwi

hn

hw

Lc

Longitudinal acceleration [m/sz], as defined in
Section 5, B.4,

Transverse acceleration [m/sz], as defined in
Section 5, B.3,

Vertical acceleration [m/sz], as defined in
Section 5, B.2,

Area of wall [m?],
Loaded part of deckhouse front wall in [m?],

Breadth of deckhouse at the position

considered,
Actual maximum breadth of ship on the
exposed weather deck at the position

considered,

Ship breadth [m], as defined in Section 1,
H.2,

Moulded block coefficient, as defined in
Section 1, H.4,

Length coefficient according to Section 5, B.2,
Wave coefficient according to Section 5, B.2,
Water pressure load [kN],

Wind load [kN],

Mass of the fully equipped deckhouse [t],
Standard superstructure height [m],

Height of breakwater [m],

Material factor according to Section 3, A,
Ship length [m], as defined in Section 1, H.2,

Ship length according to ICLL [m], as defined
in Section 1, H.2,
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Ppbc

Poe

Pis

Pis

Psc

Pwb

PWa

Pwi

Pws

ReH

Rm

tk

On

Ov

Dynamic cargo load [kN/m?], as defined in
Section 5, D.6.1,

Load on superstructure and deckhouse
decks [kN/mZ], as defined in Section 5, D.5,

Bow impact load [kN/mZ], as defined in
Section 5, E.1,

Stern impact load [kN/mz], as defined in
Section 5, E.2,

Static cargo load [kN/mZ], as defined in
Section 5, C.4.1,

Wave load on weather deck [kN/m2], as
defined in Section 5, D 4.

Water pressure load [kN/mz],
Wind load [kN/m?],

Wave load on side shell [kN/mZ], as defined
in Section 5, D.2.2,

Minimum nominal upper yield point [N/mmz],
Tensile strength [N/mmz],

Spacing of stiffeners [m],

Plate thickness [mm],

Minimum thickness according to Section 7,
C.3,

Corrosion allowance according to Section 3,
B,

Unsupported span [m],

Longitudinal tension [N/mm?],

Shear stress [N/mmz],

Torsion due to tightening torque [N/mmz],

Permissible equivalent stress [N/mmz],

3. Arrangement of Superstructure

3.1 According to ICLL 66, Regulation 39, a
minimum bow height is required at the forward
perpendicular, which may be obtained by sheer
extending for at least 0.15Lc, measured from the
forward perpendicular, or by fitting a forecastle
extending from the stem to a point at least 0.07L¢ abaft

the forward perpendicular.

3.2 Ships carrying timber deck cargo and which
are to be assigned the respective permissible freeboard,
are to have a forecastle of the Rule height and a length
of at least 0.07Lc. Furthermore, ships the length of
which is less than 100 m, are to have a poop of Rule
height or a raised quarter deck with a deckhouse.

Note:

On ships to which timber freeboards are assigned Regulation
39 should relate to the summer load waterline and not to the
timber summer load waterline.

4. Strengthenings at the Ends of
Superstructures
4.1 At the ends of superstructures one or both

end bulkheads of which are located within 0.4L
amidships, the thickness of the sheer strake, the
strength deck in a breadth of 0.1B from the shell, as
well as the thickness of the superstructure side plating
are to be strengthened as specified in Table 13.1. The
strengthenings shall extend over a region from four
frame spacings abaft the end bulkhead to four frame
spacings forward of the end bulkhead.

Table 13.1 Strengthening [%] at the ends of

superstructures

T . strength de plati ¢
eo side plating o
yp deck and P 9
superstructure superstructure
sheer strake

Effective

30 20
according to 2.5
Non-effective

20 10
according to 2.6
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13-4 Section 13 - Superstructures and Deckhouses A,B

4.2 Under strength decks in way of 0.6L
amidships, girders are to be fitted in alignment with
longitudinal walls, which are to extend at least over
three frame spacings beyond the end points of the
longitudinal walls. The girders are to overlap with the
longitudinal walls by at least two frame spacings.

5. Transverse Structure of Superstructures
and Deckhouses

The transverse structure of superstructures and
deckhouses is to be sufficiently dimensioned by a
suitable arrangement of end bulkheads, web frames,
steel walls of cabins and casings, or by other measures.

6. Openings in Closed Superstructures

6.1 All access openings in end bulkheads of closed
superstructures shall be fited with weather tight doors
permanently attached to the bulkhead, having the same
strength as the bulkhead. The doors shall be so arranged
that they can be operated from both sides of the bulkhead.
The coaming heights of the access opening above the
deck are to be determined according to ICLL 66.

6.2 Any opening in a superstructure deck or in a
deckhouse deck directly above the freeboard deck
(deckhouse surrounding companionways), is to be

protected by efficient weather tight closures.

B. Side Plating and Decks of Non-Effective
Superstructures

1. Side Plating

11 The thickness of the side plating of non-

effective superstructures above the strength deck is not

to be less than the greater of the following values:
t=121svPk +t, [mm], or
t=0.8t . [mm]

For ships engaged in sheltered water service (assigned
with K6, L1 and L2) t is not to be less than 3,5 mm.

k = Material factor according to Section 3, A,

tk = Corrosion allowance according to Section 3, B,

P = Pws, P or Pjs, as the case may be,

Pws = Wave load on side shell [kN/mz], as defined
in Section 5, D.2.2,

Pis = Bow impact load [kN/mz], as defined in
Section 5, E.1,

Pis = Stern impact load [kN/mz], as defined in
Section 5, E.2,

tmn = Minimum thickness according to Section 7, C.3.

1.2 The thickness of the side plating of upper tier

superstructures may be reduced if the stress level

permits such reduction.
2. Deck Plating

21 The thickness of deck plating is not to be less

than the greater of the following values:

t=1.10s (Pse + Ppc) k + 1t [Mm]

t=(5.5+0.02LNk [mm]
where:
Poe = Load on superstructure and deckhouse

decks [kN/mz], as defined in Section 5, D.5

Psc = Static cargo load [kN/mz], as defined in
Section 5, C.4.1

Poc = Dynamic cargo load [kN/mz], as defined in
Section 5, D.6.1

TURK LOYDU — HULL —JULY 2016



B,C Section 13 - Superstructures and Deckhouses 13-5
2.2 Where additional superstructures are n= 9 +L
12

arranged on non-effective superstructures located on
the strength deck, the thickness required by 2.1 may be
reduced by 10 per cent.

2.3

sheathing, the thickness of the deck plating according to

Where plated decks are protected by

2.1 and 2.2 may be reduced by tk, however, it is not to
be less than 5 mm.

Where sheathing other than wood is used, attention is
to be paid that the sheathing does not affect the steel.
The sheathing is to be effectively fitted to the deck.

n
3. Frames, Deck Beams and Supporting
Deck Structure

n
3.1 The scantlings of the deck beams and the
supporting deck structure are to be determined in
accordance with Section 8.D.
3.2 The scantlings of superstructure frames are 4
given in Section 8, C.1.3.

n
C. Superstructure End Bulkheads and
Deckhouse Walls

n

1. General

for the lowest tier of unprotected fronts. The
lowest tier is normally that tier which is
the
continuous deck to which the Rule depth D is

directly situated above uppermost
to be measured. However, where the actual
distance exceeds the minimum non-corrected
tabular freeboard according to ICLL 66 by at
least one standard superstructure height, hy,
this tier may be defined as the 2nd tier and

the tier above as the 3rd tier.

= for 2nd tier unprotected fronts

= 5+E for 3rd tier and tiers above of
unprotected fronts, for sides
and protected fronts

7+ L & id shi
100 L for aft ends abaft amid ships
L L&

= 100 L for aft ends forward of

amidships
L X
= 10+ % for breakwaters forward of L = 0.85

L need not be taken greater than 300 m.

The following requirements apply to superstructure end

bulkheads and deckhouse walls forming the only hn
protection for openings as per Regulation 18 of ICLL 66

and for accommodations.

2. Design Loads X

The design load for determining the scantlings is:

P, =nc(b-f—z) [kN/m?]
2

L —1300 L
f=—¢e 1= — for L<150 m.

10 150
£ L -L/300 for 150 m <L<300m z

= e

10

f=11.03 for L>300m

= Standard superstructure height [m]

= 1.05+001L [m] 1.8=<hy=23

the bulkhead
considered and aft end of the length L. When
the

deckhouse is to be subdivided into parts of

= Distance [m] between

determining sides of a deckhouse,

approximately equal length, not exceeding
0.15L each, and x is to be taken as the
distance between aft end of the length L and
the centre of each part considered.

= Vertical distance [m] from the summer load
line to the midpoint of stiffener span, or to the
middle of the plate field.
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13-6 Section 13 - Superstructures and Deckhouses C.D

2

X _045
b=10+|L for 2 <045
Cp+02 L
< 2
—=045
b=1.0+15L— | for 25045
Cp+0.2 L
X 2
—=0.45
b=1.0+2.75 L— | for breakwaters X >0.85
g+0.2 L
Cs = Moulded block coefficient, as defined in
Section 1, H.4.

= 0.60 < Cg < 0.80, in general. Need not be
taken less than 0.80 when determining
scantlings of aft ends forward of amidships.

!

c = 03+ 0.7l
BY

= Not to be taken less than 1.0 for exposed
parts of machinery casings.

b’ = Breadth of deckhouse at the position
considered
B’ = Actual maximum breadth of ship on the

exposed weather deck at the position
considered.

!

— is not to be taken less than 0.25.
BI

The design load Pa up to the third tier inclusive is not to
be taken less than the minimum values given in Table
13.2. For breakwaters, the minimum design load is to be
the same as for the lowest tier of unprotected fronts.

Table 13.2 Minimum design load Pa min[kN/mZ]

lowest tier of
L [m] unprotected elsewhere
fronts
L<50 30 15
250>L>50 25+ L/10 12.5 + L/20
L =250 50 25

For the 4" tier Pamin is to be taken as 12.5 kN/m2, for the
5™ tier and all following ones Pamin is to be taken as 8.5
kN/m?.

3. Scantlings

3.1 Stiffeners

The section modulus of the stiffeners is to be
determined according to the following formula:

W =0.35s/2 P, k [em’]
S = Spacing of stiffeners [m]
{ = Unsupported span [m]; £ is to be taken as the

superstructure height or deckhouse height
respectively, however, not less than 2.0 m.

Pa = Design load [kN/mz], as defined in 2.

These requirements assume the webs of lower tier
stiffeners to be efficiently welded to the decks.
Scantlings for other types of end connections may be

specially considered.

The section modulus of house side stiffeners need not
be greater than that of side frames on the deck situated
directly below; taking account of spacing s and
unsupported span {.

3.2 Plate Thickness

The thickness of the plating is to be determined

according to the following formula:

t =0.9s,/Pok +tg [mm]

for the lowest tier

L
t_. :(4.0+—j\/£ for the upper tiers,
however, not less than

5.0 mm.

L need not be taken greater than 300 m.
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D.E Section 13 - Superstructures and Deckhouses 13-7

D. Decks of Short Deckhouses
1. Plating

The thickness of deck plating exposed to weather but
not protected by sheathing is not to be less than:

For decks exposed to weather protected by sheathing
and for decks within deckhouses the thickness may be

reduced by tk.

In no case the thickness is to be less than the minimum

thickness tmin = 5.0 mm.
2. Deck Beams

The deck beams and the supporting deck structure are
to be determined according to Section 8, D.

E. Elastic Mounting of Deckhouses
1. General
1.1 The elastic mountings are to be type

approved by TL. The stresses acting in the mountings
which have been determined by calculation are to be
proved by means of prototype testing on testing
machines. Determination of the grade of insulation for
transmission of vibrations between hull and deckhouses

is not part of this type approval.

1.2 The height of the mounting system is to be
such that the space between deck and deckhouse
bottom remains accessible for repair, maintenance and
inspection purposes. The height of this space shall
normally not be less than 600 mm.

1.3 For the fixed part of the deckhouse on the
weather deck, a coaming height of 380 mm is to be
observed, as required by ICLL 66 for coamings of doors
in superstructures which do not have access openings
to under deck spaces.

1.4 For pipelines, see Chapter 4 - Machinery,
Section 11.
1.5 Electric cables are to be fitted in bends in

order to facilitate the movement. The minimum bending
radius prescribed for the respective cable is to be
observed. Cable glands are to be watertight. For further
details, see Electrical Installations.

1.6 The following scantling requirements for rails,
mountings, securing devices, stoppers and sub-
structures in the hull and the deckhouse bottom apply to
ships in unrestricted service. For special ships and for
ships intended to operate in restricted service ranges
requirements differing from those given below may be

applied.

2. Design Loads

For scantling purposes the following design loads apply:
2.1 Weight

211 The weight induced loads result from the
weight of the fully equipped deckhouse, considering
also the acceleration due to gravity and the acceleration
due to the ship's movement in the seaway. The weight
induced loads are to be assumed to act in the centre of

gravity of the deckhouse.

Vertical, horizontal and longitudinal components of the

design load is as follows:

Pv=Gay  [kN]

Pr=Gar  [kN]

PL=Ga.  [kN]

G = Mass of the fully equipped deckhouse [t],

a. = Longitudinal acceleration [m/sz], as defined in
Section 5, B.4,

ar = Transverse acceleration [m/sz], as defined in
Section 5, B.3,
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13-8 Section 13 - Superstructures and Deckhouses E

ay = Vertical acceleration [m/sz], as defined in
Section 5, B.2.
2.1.2 The scantlings are to be determined for the

respective support forces in the vertical, transverse and

horizontal directions.

2.2 Water Pressure and Wind Pressure

221 The water load due to the wash of the sea is
assumed to be acting on the front wall in the longitudinal
direction only. The design load is:

Py, =05P,  [kN/m?

Pa = Design load [kN/mz], as defined in C.2.

The water pressure is not to be less than:

Py, =25 [kN/m®]  the lower edge of the front wall

Py, =0 [kN/m’] at the level of the first tier above

the deckhouse bottom
Fya = PyAg [kN]
As = Loaded part of deckhouse front wall [mz]

2.2.2 The design wind load acting on the front wall

and on the side walls is:

Fyi =Py; Ap  [kN]

Ap = Area of wall [mz]
Pwi = 1.0 [kN/m?.
2.3 Load on the Deckhouse Bottom

The load on the deckhouse bottom is governed by the
load acting on the particular deck on which the
deckhouse is located. Additionally, the support forces
resulting from the loads specified in 2.1 and 2.2 are to

be taken into account.

2.4 Load on Deck Beams and Girders

For designing the deck beams and girders of the deck
on which the deckhouse is located, the following loads
are to be taken:

- Below the deckhouse: Load according to the
pressure head due to the distance between the

supporting deck and the deckhouse bottom,

- Outside the deckhouse: Wave load on weather
decks (Pwp), see Section 5, D .4,

- Bearing forces in accordance with the load as-

sumptions 2.1 and 2.2.
3. Load Cases

3.1 For design purposes the following load cases
are to be investigated separately (see also Figure 13.1):

M.S.
]

¥

| Ry P
fa T g\"’"
%-—Ay --——-By ; % % :f ;' % 05h,

‘Azi ?Bz LLT;:L(EJ;T Ax(By)

z
BT

Figure 13.1 Design loads due to wind and water
pressure

3.2 Service Load Cases

Forces due to external loads:

3.21 Transverse direction (z-y-plane)

F;, =Ga; +F; [kN] acting in transverse direction
) =Gay

[kN] acting vertically to the baseline

Fwi

Wind load as defined in 2.2.2.

Transverse acceleration [m/s2], as defined in
Section 5, B.3.

ar
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E Section 13 - Superstructures and Deckhouses 13-9

ay = Vertical acceleration [m/sz], as defined in
Section 5, B.2.
3.2.2 Longitudinal direction (z-x-plane)

E,=Ga, +F,, +F;; [KN] acting in longitudinal
direction

F,, =Gay, [KN] acting vertically to the
baseline

Fwa = Water pressure load as defined in 2.2.1.

aL = Longitudinal acceleration [m/sz], as defined in
Section 5, B.4.

3.23 For designing the securing devices to prevent

the deckhouse from being lifted, the force (in upward
direction) is not to be taken less than determined from
the following formula:

Fypi, = 0.5gG [kN]

3.3 Extraordinary Load Cases
331 Collision Force in Longitudinal Direction:
F,=05gG [kN]

3.3.2 Forces due to Static Heel of 45°

Force acting in transverse direction:

E, =0.71gG [kN]
Force acting vertically to the baseline:

Fy, = 0.71gG [kN]

3.33 The possible consequences of a fire for the
elastic mounting of the deckhouse are to be examined
(e.g. failure of rubber elastic mounting elements, melting
of glue). Even in this case, the mounting elements
between hull and deckhouse bottom must be capable of
withstanding the horizontal force Frz as per 3.3.2 in

transverse direction.

3.34 For designing of the securing devices to
prevent the deckhouse from being lifted, a force not less
than the buoyancy force of the deckhouse resulting from
a water level of 2 m. above the freeboard deck is to be
taken.

4. Scantlings of Rails, Mounting Elements
and Substructures

4.1 General

411 The scantlings of those elements are to be
determined in accordance with the load cases stipulated
under 3. The effect of deflection of main girders need
not be considered under the condition that the deflection
is so negligible that all elements take over the loads
equally.

4.1.2 Strength  calculations for the structural
elements with information regarding acting forces are to

be submitted for approval.
4.2 Permissible Stresses

42.1 The permissible stresses given in Table 13.3
are not to be exceeded in the rails and the steel
structures of mounting elements and in the
substructures (deck beams, girders of the deckhouse

and the deck, on which the deckhouse is located).

Table 13.3 Permissible stress in the rails and the
steel structures at mounting elements and in the

substructures [N/mm?]

Service load| Extraordinary
Type of stress

cases load cases
0.6Ren 0.75ReH
INormal stress o, or or
0.40Rn, 0.50Rn
0.35RenH 0.43RenH
Shear stress © or or
0.23Rn 0.30Rn

JEquivalent stress

— 0.75ReH 0.90RH
oy =40, +31

IReH = Minimum nominal upper yield point

Rm = Tensile strength
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13-10 Section 13 — Superstructures and Deckhouses E,F

4.2.2 The permissible stresses for designing the
elastic mounting elements of various systems will be
considered from case to case. Sufficient data are to be
submitted for approval.

4.2.3 The stresses in the securing devices to
prevent the deckhouse from being lifted are not to
exceed the stress values specified in 4.2.1.

4.2.4 In screwed connections, the permissible
stresses given in Table 13.4 are not to be exceeded.

4.2.5 Where turnbuckles in accordance with DIN
82008 are used for securing devices, the load per bolt
under load conditions 3.2.3 and 3.3.4 may be equal to

the proof load (2 times safe working load).
5. Corrosion Addition

For the deck plating below elastically mounted deckhouses

a minimum corrosion addition of tx = 3.0 mm applies.

Table 13.4 Permissible stress in screwed
connections [N/mm?]

Working .
Extraordinary
Type of stress load
load cases
cases

|Longitudinal tension on 0.5Ren 0.8Ren
IBearing pressure p ReH Ren
Equivalent stress from
longitudinal tension oy,
torsion 7 (due to
tightening torque) and 0.6Ren Ren
shear (if applicable)

2 2,2

oy =40, +3(r +1, )

F. Breakwater

1. Arrangement

If cargo is intended to be carried on deck forward of
x/L = 0.85, a breakwater or an equivalent protecting
structure (e.g. whaleback or turtle deck) is to be
installed.

2. Dimensions of the Breakwater

21 The recommended height of the breakwater
is

hy =08(bC, Cy —2) [m]

but shall not be less than

By = 06(bC, Cyy —2)  [m]

b = SeeC.1.

CL = Length coefficient according to Section 5, B.2
Cw = Wave coefficient according to Section 5, B.2
z = The vertical distance [m] between the

summer load line and the bottom line of the
breakwater.

The average height of whalebacks or turtle decks has to

be determined analogously.

2.2 The breakwater has to be at least as broad
as the width of the area behind the breakwater,

intended for carrying deck cargo.

3. Cutouts

Cutouts in the webs of primary supporting members of
the breakwater are to be reduced to their necessary
minimum. Free edges of the cutouts are to be reinforced
by stiffeners.

If cutouts in the plating are provided to reduce the load
on the breakwater, the area of single cutouts should not
exceed 0.2 m? and the sum of the cutout areas not 3 %
of the overall area of the breakwater plating.

4. Loads

The loads for dimensioning are to be taken from C.2.

5. Plate Thickness and Stiffeners

5.1 The plate thickness has to be determined
according to C.3.2.
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F Section 13 - Superstructures and Deckhouses 13-11

5.2 The section moduli of stiffeners are to be Sulfficient supporting structures are to be provided.
calculated according to C.3.1. Stiffeners are to be
connected on both ends to the structural members The permissible equivalent stress is oy=Ren/k [N/mmz].

supporting them.

7. Proof of Buckling Strength
6. Primary Supporting Members

Structural members' buckling strength has to be proved
For primary supporting members of the structure a according to Section 3, C.

stress analysis has to be carried out.
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A. General

1. Application

1.1 The requirements in this section to apply to
vessels intended for navigation in waters with ice
conditions.

1.2 Ships dealt with in this Section are to comply
with the requirements of Sections 1 + 21 and
additionally with the requirements of this Section.

2. Class Notation

21 Vessels built in accordance with the
requirements of this Section are to be assigned the
class notation "ICE-B4”, “ICE-B3”, “ICE-B2”, “ICE-
B1” or “ICE-B”.

2.2 The requirements for the ice class notations ICE-
B4 + ICE-B1 embody all necessary conditions to be
complied with for assignment of the ice classes IC — IA
Super according to the Finnish-Swedish Ice Class Rules
2010 (23.11.2010 TRAFI / 31298 / 03.04.01.00 / 2010).
Reference is also made to the Guidelines for the
Application of the Finnish-Swedish Ice Class Rules (see
20.12.2011 TRAFI / 21816/ 03.04.01.01 / 2011).

The ice class notations ICE-B4 + ICE-B1 are equivalent
to the Finnish-Swedish Ice Class Rules for service in

the northern Baltic in winter.

TL ice classes are accepted as equivalent to the
Finnish-Swedish ice classes as follows:

FINNISH-SWEDISH
TL ICE CLASS
ICE CLASS
ICE-B4 IA Super
ICE-B3 1A
ICE-B2 B
ICE-B1 IC

2.3 Ships intended for navigation in Arctic waters
may have the ice class notations PC7 + PC1 affixed to
their character of classification if the guidelines given in
Chapter 33 — Rules for the Construction of Polar Class
Ships are complied with.

2.4 The ice class notations ICE-B4 + ICE-B1 can
only be assigned to self-propelled ships when in
addition to the requirements of this Section also the
relevant items of Chapter 4 Machinery Section 19 are
complied with. For example, the full Character of
Classification then reads:

+1A5 ICE-B1 +M ICE-B1. Where the hull only is
strengthened for a higher ice class notation, a
corresponding entry will be made in the Technical File
to the Class Certificate.

25 Ships which beyond the requirements for the
ice class notations ICE-B, ICE-B1 to ICE-B4 or PC7 to
PC1 have been specially designed, dimensioned and/or
equipped for icebreaking will have affixed the notation
ICEBREAKER in addition. Dimensioning of the
structure with regard to the foreseen area of operation
has to be harmonized with TL.

3. Assumptions

3.1 The method for determining the hull scantlings,
engine output and other properties are based on certain
assumptions concerning the nature of the ice load on
the structure and operation of the ship as described in
the Finnish-Swedish Ice Class Rules.

ICE-B4 Normally capable of navigating in difficult ice
conditions without the assistance of
icebreakers

ICE-B3 Capable of navigating in difficult ice
conditions with the assistance of icebreakers

when necessary

ICE-B2 Capable of navigating in moderate ice
conditions with the assistance of icebreakers

when necessary

ICE-B1 Capable of navigating in light ice conditions
with the assistance of icebreakers when

necessary

ICE-B This notation is assigned to ships operate in
where drift ice in mouths of rivers and coastal
regions occurs (refer to Subsection E).
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3.2 If the scantlings required by this Section are less
than those required for ships without ice strengthening,
the scantlings required by the other Sections of these
Rules are to be maintained.

3.3 Assistance from icebreakers is normally assumed
when navigating in ice bound waters.

B. Ice Class Draught for Ships with Notations
ICE-B4 + ICE-B1

1. Upper and Lower Ice Waterline

1.1  The upper ice waterline (UIWL) is to be the
envelope of the highest points of the waterlines at which
the ship is intended to operate in ice.

1.2 The lower ice waterline (LIWL) is to be the
envelope of the lowest points of the waterlines at which
the ship is intended to operate in ice.

1.3 Both the UIWL and LIWL may be broken lines.

2. Maximum and Minimum Draught Fore and Aft

2.1  The maximum and minimum ice class draughts
at the forward perpendicular amidships and at the aft
perpendicular are to be determined in accordance with
the upper/lower ice waterlines and are to be stated in
the drawings submitted for approval. The ice class
draughts, the minimum propulsion machinery output, P,
according to C.2, as well as the corresponding ice class,
will be stated in the Technical File to the Class
Certificate.

If the summer load line in fresh water is anywhere
located at a higher level than the UIWL, the ship's sides
are to be provided with a warning triangle and with an
ice class draught mark at the maximum permissible ice
class draught amidships (see Annex of Chapter 1).

2.2  The draught and trim, limited by the UIWL, are
not to be exceeded when the ship is navigating in ice.
The salinity of the sea water along the intended route is

to be taken into account when loading the ship.

The ship is always to be loaded down at least to the
LIWL when navigating in ice. The LIWL is to be agreed
upon with the owners. Any ballast tank adjacent to the
side shell and situated above the LIWL, and needed to
load the ship down to this waterline, is to be equipped
with devices to prevent the water from freezing. In
determining the LIWL, regard is to be paid to the need
for ensuring a reasonable degree of ice-going capability
in ballast. The propeller is to be fully submerged,
entirely below the ice, if possible.

2.3 The minimum draught Tmin at the forward
perpendicular is not to be less than determined by the
following formula:

Tmin=ho-(2+25-10*.D) [m] or

Tmin = 4 . ho [m]

D = Displacement of the ship in [t] on the
maximum ice class draught according to 2.1
ho = Design ice thickness according to D.2.2.1.

C. Output of Propulsion Machinery
1. Definition of Propulsion Machinery Output

The propulsion machinery output P is the maximum
output the propulsion machinery can continuously
deliver to the propeller(s). If the output of the machinery
is restricted by technical means or by any regulations
applicable to the ship, P is to be taken as the restricted
output.

2. Required Minimum Power for Class Notations
ICE-B4 + ICE-B1

2.1  The propulsion machinery output is not to be less
than determined by the following formula:

(RCH/1000) *°

297 o)

P=K,
The required propulsion machinery output, P, is to be
calculated for ships on both the UIWL and the LIWL.
The propulsion machinery output shall not be less than

the greater of these two outputs.
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Pmin = 2800 kW for ice class notation ICE-B4

= 1000 kW forice class notations ICE-B3,
ICE-B2 and ICE-B1

Ke = is to be taken from Table 14.1

The values in Table 14.1 apply only to conventional
propulsion systems. Other methods may be used ‘for
determining the K. values for advanced propulsion

systems as specified in 3.

Table 14.1 Factor K¢

Ke
Controllable pitch
Number of propeller or
propellers electric or Fixed pitch
hydraulic propeller
propulsion
machinery
1 propeller 2.03 2.26
2 propeller 1.44 1.60
3 propeller 1.18 1.31

Dr = Diameter of the propeller(s) [m]

Rch = Ice resistance of the ship in a channel with brash
ice and a consolidated surface layer:

2
RcH =C1+C2+C3'CH(HF+H|\/|) '(B"'CW'HF)

3
L -T A
ppz i [N]
B Lop

+C4'LPAR+H|2:+C5

is not to be taken less

3
Lpp-Tj

. [ 2
B
The quantity than 5 and not to be taken

more than 20.

Ci1, C, = Factors to take into account a consolidated
upper layer of the brash ice and can be taken as zero
for ice class notations ICE-B3, ICE-B2, ICE-B1.

For ice class ICE-B4:

B-L
%+(1+0.021¢1)
2—+1

B

C, =f,

(f,-B+f3 Lgow*+ 4 B Leow)
2

_ T| B
C,= (1+0.063¢,) - (g1 *9,- B) +g3(1+1.ZEJ \/7
Lpp
Cs = 845 [kg/m?/sn’]

Cs = 42 [kg/m®/sn?]

Cs = 825 [kg/m®/sn?]

C, = 0.15cos; + siny - sina ; C, 20.45
C, = 0.047y-2115; C, =0 fory <45°
He = Thickness of the brash ice layer displaced by

the bow [m]

= 0.26 + (Hu - B)’®
Hw = Thickness of the brash ice in mid channel [m]

= 1.0 for ice class notation ICE-B4 and ICE-B3

= 0.8 for ice class notations ICE-B2

= 0.6 for ice class notation ICE-B1
The ship parameters defined below are to be calculated
on the UIWL using a horizontal waterline passing
through the maximum ice class draught amidships and
on the LIWL using a horizontal waterline passing
through the minimum ice class draught amidships. The
ship dimensions Lpp and B, however, are always to be
calculated on the UIWL. See also Figure 14.1.
Lpar = Length of the parallel midship body [m].

Lpp = Length of the ship between perpendiculars [m]

Lsow = Length of the bow [m],
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T = Maximum and minimum ice class draught
amidship [m]
Awt = Area of the waterplane of the bow [mz],

@1 = Rake of the stem at the centreline [deg].

For a ship with a bulbous bow, @i shall be
taken as 90°,

@2 = The rake of the bow at B/4 [deg], @2max= 90°

a = The angle of the waterline at B/4 [deg],
Y =arctan (MJ
sina
f, = 23[N/m? g1 = 1530 [N]
f, = 45.8 [N/m] g2 = 170 [N/m]
fs = 14.7 [N/m] g3 = 400 [N/m"?]
fs = 29 [N/m?

The ranges of parameters used in the validation of the

above formulae are shown in Table 14.2. If any of the
ship’s parameters are outside these ranges of validity,
other methods for determining Rcy are to be used as
specified in 3. When calculating the parameter Dy/T, T
shall be measured on the UIWL amidships.

Table 14.2 Range of application of the formula for

ship resistance Rcu

Parameter Minimum Maximum

a[°] 15 55

¢1 [°] 25 90

@2 [°] 10 90
Lpp [M] 65.0 250.0
B [m] 11.0 40.0
T[m] 4.0 15.0
Leow / Lpp 0.15 0.40
Lear / Lop 0.25 0.75
Do/ T 0.45 0.75
Aut | (Lpp - B) 0.09 0.27

3. Other Methods of Determining Ke or Ren

For an individual ship, in lieu of the Ke or Rcy values
defined in 2, the use of K. values based on more exact
calculations or Rcy values based on model tests may be
approved. The model test report is to be submitted to
TL.

Such an approval will be given on the understanding
that they can be revoked if warranted by the actual
performance of the ship in ice.

The design requirement for ice classes is a minimum
speed of 5 knots in the following brash ice channels:
ICE-B4=Hy=1.0m. anda 0,1 m. thick consolidated
layer of ice
ICE-B3=Huy=1.0m.

ICE-B2=Huw=0.8m.

ICE-B1=Hw=0.6m.

D. Ice Strengthening for Class Notations ICE-
B4+ICE-B1

1. Definitions

Note: While defining ice belt regions, L shall be taken as the
ship's rule length.

1.1 Ice belt

The ice belt is the zone of the shell plating which is to
be strengthened. The ice belt is divided into regions as
follows, see Figure 14.2:

1.1.1 Bow region

Bow region is the region from the stem to a line parallel
to and at the distance “a” aft of the forward borderline of
the part of the hull where the waterlines run parallel to
the centerline.

The distance “a” is to be 0.04L (however not exceeding
6 m for ice class notations ICE-B3 and ICE-B4 and not
exceeding 5 m for ice class notations ICE-B1 and ICE-
B2) and is to be 0.02L (however not exceeding 2 m for

ICE-B)
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Leow
I
/ . AM
\ ! B/4
|
a\/
Buttock
Lpar at B/4
i__ ———
0 2
? 1
T
Figure 14.1 Rake of the stem ¢, and rake of the bow ¢, at B/4 from CL
Ice belt, £ 2L
) . S
midbody region 4 Upper bow
f ice belt
ISP < AR
/ ~—_ Ice belt,
- / : bow region
o ) = ——— LIWL
Referto D.1.2
/
— Fore foot

Y

Border of the part of the side
where waterlines are parallel
to the centreline

Ice belt,
stern region

Note: Refer to Item D.1.1.1 for the distance “a”

Figure 14.2 Ice belt
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1.1.2 Midbody region

Midbody region is the region from the aft boundary of
the bow region, as defined in 1.1.1 to a line parallel to
and at the distance “a” aft of the borderline between the
parallel midbody region and the aft ship.

Note: Refer to 1.1.1 for the distance “a’.

1.1.3 Stern region

Stern region is the region from the aft boundary of the
midbody region, as defined in 1.1.2 to the stern.

1.1.4 Forefoot region

Fore foot is (for ice class ICE-B4 only) the shell plating
below the ice belt from the stem to a position five main
frame spaces abaft the point where the bow profile
departs from the keel line

1.1.5 Upper bow ice belt region

Upper bow ice belt is (only for ships with ice classes
ICE-B4 and ICE-B3 and with an open water service
speed equal to or exceeding 18 knots) the shell plate
from the upper limit of the ice belt to 2 m above it and
from the stem to a position at least 0.2 L abaft the
forward perpendicular.

1.2  The vertical extension of the bow, midbody and

stern regions is to be determined from Table 14.3.

1.3 On the shell expansion plan submitted for
approval, the location of the UIWL, LIWL and the upper/
lower limits of the ice belt, as well as the bow, midbody
and stern regions (including forefoot and upper bow ice

belt regions, if applicable), are to be clearly indicated.

2. Design Loads

Note: Terms to be used in this item 2 may be assigned in

general as given below;

a = Frame spacing [m], longitudinal or transverse,
taking into account the intermediate frames, if
fitted.

/ = Unsupported span [m] of frames, web frames,
stringer.

p = Design ice pressure according to 2.2.2

h = Design height of ice pressure area [m]

according to 2.2.1

The frame spacing and spans are normally to be measured in
a vertical plane parallel to the centreline of the ship.
However, if the ship's side deviates more than 20 ° from this
plane, the frame spacing and spans are to be measured along
the side of the ship (also refer to Finnish-Swedish Ice Class
Rules 2010 item 4.1)

Table 14.3 Vertical extension of the ice belt

regions
Above Below
Ice class ) ) )
. Hull region UIWL in LIWL in
notation
[m] [m]
Bow
. 1,20
ICE-B4 Midbody 0,60
Stern 1,00
Bow 0,90
ICE-B3 Midbody 0,50
0,75
Stern
ICE-B2, Bow 0,70
ICE-B1, Midbody 0,40
0,60
ICE-B Stern

2.1 General

2.1.1  The method for determining the hull scantlings
is based on certain assumptions concerning the nature
of the ice load on the structure. These assumptions are
from full scale observations made in the northern Baltic.

It has thus been observed that the local ice pressure on
small areas can reach rather high values.

This pressure may be well in excess of the normal
uniaxial crushing strength of sea ice. The explanation is
that the stress field in fact is multiaxial.
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Further, it has been observed that the ice pressure on a
frame can be higher than on the shell plating at
midspacing between frames. The explanation for this is
the different flexural stiffness of frames and shell
plating. The load distribution is assumed to be as shown
in Figure 14.3.

A?.S N A’T\ r’ﬂ\ mn + v
Rl il i
y il

< i ) 1/24
a 0,75 - p=p,

Figure 14.3 Ice load distribution

As a conclusion, maximum pressures (Pmax) occur at
the frames and minimum pressures occur between
frames.

Due to the finite height of the design ice load, h (see
Table 14.4), the ice load distribution shown in Figure
14.3 is not applicable for longitudinally-framed plating.

The formulae for determining the scantlings used in this
Section are based on the following design loads:

for frames and
longitudinally-
p=05- (pmax + pmin) [N/mmz] framed shell

plating

for

transversely-

p; = 0.75 - p [N/mm?] Y
framed shell

plating
p = design ice pressure according to D.2.2.2

2.1.2  The formulae and values given in this Section
may be substituted by direct calculation methods if they
are deemed by TL to be invalid or inapplicable for a

given structural arrangement or detail.

Otherwise, direct analysis is not to be utilized as an
alternative to the analytical procedures prescribed by
the explicit requirements in D.3 (shell plating) and D.4
(frames, ice stringers, web frames).

Direct analyses are to be carried out using the load
patch defined in D.2.2 (p, h and /,). The pressure to be
used is 1.8 p where p is determined according to
D.2.2.2. The load patch is to be applied at locations
where the capacity of the structure under the combined
effects of bending and shear are minimized. In
particular, the structure is to be checked with the load
centered on the UIWL, 0.5 - ho below the LIWL, and
several vertical locations in between. Several horizontal
locations are also to be checked, especially the
locations centered at the mid-span or mid-spacing.
Further, if the load length /. cannot be determined
directly from the arrangement of the structure, several
values of /7, are to be checked using corresponding
values for ca.

The acceptance criterion for designs is that the
combined stresses from bending and shear, using the
von Mises vyield criterion, are lower than the yield
strength ReH. When the direct calculation is performed
using beam theory, the allowable shear stress is not to
be greater than 0.9Ty, where Ty = Ren/ 3.

2.1.3 If scantlings derived from the requirements of this
section are less than those required for an

unstrengthened ship, the latter are to be used.

2.2 Ice Loads

2.2.1 Height of the ice load area

An ice strengthened ship is assumed to operate in open
sea conditions corresponding to a level ice thickness
not exceeding ho. The design height h of the area
actually under ice pressure at any particular point of
time is, however, assumed to be only a fraction of the
ice thickness. The values for hg and h are given in Table
14.4.

Table 14.4 Ice thickness and height of load area

Ice class notation ho [m] h [m]
ICE-B4 1.0 0.35
ICE-B3 0.8 0.30
ICE-B2 0.6 0.25
ICE-B1 0.4 0.22
ICE-B 0.4 0.22
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2.2.2 Design ice pressure

The design ice pressure is to be determined according
to the following formula:

p = Cd-C1-Ca-Po [N/mmz]

cqs = Factor which takes account of the influence of
the size and engine output of the ship. This
factor is taken as maximum cq = 1. It is
calculated by the formula:

=a'k+b
1000

foe

1000

a, b

Coefficients in accordance with Table 14.5

O
I

Displacement [t] of the ship as defined in
B.2.3

Table 14.5 Coefficients aand b

Table 14.6 Coefficient ¢y

Ice class Reglon

Bow Midbody Stern
ICE-B4 1.0 1.0 0.75
ICE-B3 1.0 0.85 0.65
ICE-B2 1.0 0.70 0.45
ICE-B1 1.0 0.50 0.25
ICE-B 0.3 - -

Ca = A factor which takes account of the probability

that the full length of the area under
consideration will be under pressure at the
same time. It is calculated by the formula:

Region

Bow Midbody & Stern

k<12 k>12 | k<12 k>12

a 30 6 8 2

230 518 214 286

P = Total maximum output [KW] the propulsion
machinery can continuously deliver to the
propeller(s), see also C.2. In case of ice class
notation ICE-B the maximum output need not

to be taken greater than 740 kW.

C1 = A factor which takes account of the probability
that the design ice pressure occurs in a
certain region of the hull for the ice class in
guestion. The value of c; is given in the Table
14.6

0.6
Cc, = —_— Ca’max: 10, Ca’min 2035
“ la
La = Effective length in [m] according to Table 14.7
Table 14.7 Effective length £a
Type of
Structure P . £a [M]
framing
Transverse Frame spacing
Shell — -
Longitudinal | 1.7 x Frame spacing
Transverse Frame spacing
Frames —
Longitudinal | Span of frame
Ice stringer Span of stringer
Web frame 2 x Web frame spacing
Po = The nominal ice pressure; the value 5,6

[N/mmz] is to be used.
3. Shell Plating
3.1 General

3.1.1 Where the draught is smaller than 1.5 m, e.g. in
the ballast condition, or where the distance between the
lower edge of the ice belt and the keel plate is smaller
than 1.5 m, the thickness of the bottom plating in way of
the bow region ice belt is not to be less than required for
the ice belt. In the same area, the thickness of the plate
floors is to be increased by 10 %.
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3.1.2 Side scuttles are not to be situated in the ice
belt. If the weather deck in any part of the ship is
situated below the upper limit of the ice belt, see D.1.2
(e.g. in way of the well of a raised quarter decker), the
bulwark is to have at least the same strength as is
required for the shell in the ice belt. Special
consideration has to be given to the design of the
freeing ports.

3.1.3 For ships with the ice class notation ICE-B4,
the forefoot region according to D.1.1.4 is to have at
least the thickness of the midbody region.

3.1.4  For ships with the ice class notation ICE-B3 or
ICE-B4, and with a speed vo 218 knots, the upper bow
ice belt region according to D.1.1.4 is to have at least
the thickness of the midbody region. A similar
strengthening of the bow region is also advisable for a
ship with a lower service speed when it is evident that
the ship will have a high bow wave, e.g. on the basis of
model tests.

3.2 Plate thickness in the ice belt

For transverse framing the thickness of the shell plating
is to be determined by the formula:

f1 - ppL
ReH

t=667-a- +t. [mm]

For longitudinal framing the thickness of the shell plating
is to be determined by the formula:

— . . p
t=667-a f, - Rell +t. [mm]
pr. = 0.75p [N/mm?]
4,2
f=13-—2
(L8+ha)
fimax = 1.0

fy :0_6+M where hfa<1
h/a

f,=1.4- 04h  where1<h/ia<1.8
a

=y
1

As given in Table 14.4

Ren = Yield stress of the material [N/mmz], for which
the following values shall be used:

= 235 N/mm? for normal-strength hull structural
steel

= 315 N/mm’ or higher for high-strength hull
structural steel

If steels with different yield stress are used, the actual
values may be substituted for the above ones if
accepted by TL.

tt = Allowance for abrasion and corrosion [mm].
Normally tc is to be 2 mm; if a special surface
coating, by experience shown capable to
withstand the abrasion of ice, is applied and
maintained, lower values may be approved.

4. Frames

4.1 General

4.1.1 Within the ice strengthened area all frames are to
be effectively attached to the supporting structures.

Longitudinal frames are generally to be attached to
supporting web frames and bulkheads by brackets.
Brackets may be omitted with an appropriate increase in
the section modulus of the frame (see D.4.4) and with
the addition of heel stiffeners (heel stiffeners may be
omitted on the basis of direct calculations, subject to
approval by TL).

When a transverse frame terminates at a stringer or
deck, a bracket or similar construction is to be fitted.
When a frame is running through the supporting
structure, both sides of the web plate of the frame are to
be connected to the structure by direct welding, collar
plate or lug.

When installed, brackets and heel stiffeners are to have
at least the same thickness as the web plate of the
frame and the free edge has to be appropriately
stiffened against buckling.
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4.1.2 For the ice class notation ICE-B4, for the ice
class notation ICE-B3 within the bow and midbody
regions, and for the ice class notations ICE-B2 and ICE-
B1 in the bow region, the following applies:

4.1.2.1 Frames which are unsymmetrical, or having
webs which are not perpendicular to the shell plating, or
having an unsupported span ¢ greater than 4.0 m, are to
be supported against tripping by brackets, intercostal
plates, stringers or similar at a distance not exceeding
1300 mm.

If the span is less than 4.0 m, the supports against
tripping are required for unsymmetrical profiles and
stiffeners the web of which is not normal to plating in the

following regions:

ICE-B4  All hull regions

ICE-B3 Bow and midbody regions
ICE-B2 Bow region
ICE-B1 Bow region

4.1.2.2 The frames are to be attached to the shell by
double continuous welds. No scalloping is allowed
except when crossing shell plate butt welds.

4.1.2.3 The web thickness t,, of the frames is to be at

least the maximum of the following:

vRen
twy = hw - Ce [mm]

hy = web height [mm]

C = factor to take the section type into account:

C = 805 for profiles

C = 282 for flat bars
twz = 0.025-a [mm] For transverse frames

tws = 0.5 - tgpen [mm]

Note: For determining of t,; the net thickness of the shell
plating, t — t. shall be used.

twse = 9 [mm]

Note: For the purpose of calculating the web thickness of
frames, the yield strength ReH of the plating is not be taken
greater than that of the framing. The minimum web thickness

of 9 mm is independent of the yield strength Rey.
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4.1.2.4 Where there is a deck, tank top (or tank bottom),
bulkhead, web frame or stringer in lieu of a frame, its
plate thickness is to be in accordance with 4.1.2.3
above, to a depth corresponding to the height of
adjacent frames. In the calculation of twi, hy is to be
taken as the height of adjacent frames and C is to be
taken as 805.

4.1.3 For transverse framing above UIWL and below
LIWL, as well as longitudinal framing below LIWL, the
vertical extension of the ice-strengthened framing is to
be determined according to Table 14.8 (Refer to 4.2).

Where the vertical extension of ice-strengthened
transverse framing would extend beyond a deck or a
tank top (or tank bottom) by not more than 250 mm, it
may be terminated at that deck or tank top (or tank
bottom).

4.2  Vertical Extension of Ice Strengthening

The vertical extension of the ice strengthening of the
framing is to be at least as shown in the Table 14.8:

Table 14.8 Vertical extension of ice-strengthened

framing
Ice class ) Above UIWL | Below LIWL
. Hull region
notation [m] [m]
Down to
double
Bow bottom
1.2 or below
ICE-B4 top of floors
Midbody 2.0
Stern 1.6
Upper bow | Up to top of
ice belt (1) ice belt
Bow 1.6
ICE-B3, Midbody 1.3
ICE-B2, Stern 1.0
ICE-B1 Upper bow
ice belt (1)
ICE-B 1.0 1.0

(1) If required according to D.1.1.5
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Where the ice strengthening would go beyond a deck or
a tanktop (or tank bottom) by no more than 250 mm, it
can be terminated at that deck or tanktop.

4.3 Transverse frames
4.3.1 Section modulus and Shear Area

The section modulus of a main, tweendeck or
intermediate transverse frame is to be determined
according to the following formula:

_pra-h-/-10°
my - Rey

w [cm?]

And the effective shear area of a main, tweendeck or

intermediate transverse frame is to be calculated from:

A_\/§.f3.p.h.a.104

2 Ruy [em?]
Where
= 7 mg
©7-sh
mo = Coefficient that takes the boundary

conditions into account. This coefficient
according to Table 14.9

Note: The boundary conditions referred to in Table 15.9 are
those for the intermediate frames. Other boundary conditions
for main frames and tweendeck frames are assumed to be
covered by interaction between the frames. This influence is
included in the mqy values. The load centre of the ice load is
taken at 7/ 2.

fa = This is a factor which takes into account the
maximum shear force versus the load
location and the shear stress distribution that
is equal to 1.2

Rew = Minimum nominal upper yield point for hull
structural steel [N/mm?]

Where less than 15% of the span ¢, of the frame is
situated within the ice- strengthening zone for frames as
defined in 4.2, ordinary frame scantlings may be used.

Table 14.9 Boundary conditions for transverse
frames
Boundary
o Mo Example
condition
“zs
= Frames in a bulk carrier
— with top wing tanks
S

Frames extending from

the tank top to a single
deck

[
I
AV4
[T
h
(o2}

:

Continuous frames

(LI
h

5.7 between several decks

or stringers

AV B v Al v v. AR v

Frames extending

between two decks only

l
|
L]
h
(6)]

>

4.3.2 Upper end of transverse framing

4.3.2.1 The upper end of the strengthened part of all
frames is to be attached to a deck, tanktop (or tank
bottom) or an ice stringer as per item 5.

4.3.2.2 Where a frame terminates above a deck or
stringer which is situated at or above the upper limit of
the ice belt, the part above the deck or stringer may
have the scantlings required for an unstrengthened ship
and the upper end of the intermediate frames may be
connected to the adjacent frames by a horizontal

member of the same scantlings as the main frame.
4.3.3 Lower end of transverse framing
4.3.3.1 The lower end of the strengthened part of all

frames is to be attached to a deck, tanktop (or tank
bottom) or an ice stringer as per item 5.
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4.3.3.2 Where an intermediate frame terminates
below a deck, tank top (or tank bottom) or ice stringer
which is situated at or below the lower limit of the ice
belt the lower end may be connected to the adjacent
main frames by a horizontal member of the same
scantlings as the frames. Note that the main frames
below the lower edge of ice belt is to be ice
strengthened, see item D.1.3.

4.4  Longitudinal frames

The section modulus W and the effective shear area A
of longitudinal frames with all end conditions are to be
determined according to the following formulae:

_fy-p-h-?-10°

3
m- REH [Cm ]

_V3-fyfs-p-h-/-10*
B 2 Ren

[em?]

In calculating the actual shear area of the frames, the
shear area of the brackets is not to be taken into

account.

fa = 1-0.2 h/a, Factor which accounts for the
distribution of load to adjacent
frames

fs = 2.16 Factor which takes into
account the maximum shear
force versus load location and
the shear stress distribution

m = Factor to take boundary conditions into

account,

= 13,3 for a continuous beam with double end
brackets

= 11.0 for a continuous beam without double
end brackets.

Where, e.g. at the ends, the boundary
conditions are considerable different from
those of a continuous beam a smaller factor

m may be taken.

Ren = Yield stress as in D.3.2 [N/mm?]
5. Ice Stringers
5.1 Ice stringers within the ice belt

The section modulus of a stringer situated within the ice
belt is to be determined according to the following
formula:

_fg f; p-h- 2100

w
m'ReH

[em?]

The effective shear area is to be:

A_\/§-f6-f7-f8-p-h-£-104

2
2 Ruy [em?]

The product of p - h in section modulus and shear area
formulae above is not to be taken as less than 0.15.

m = Boundary condition factor as defined in 4.4.

fe = Factor which takes account of the distribution
of load to the transverse frames; to be taken

as 0.9
f7 = Safety factor of stringers; to be taken as 1.8
fs = Factor that takes into account the maximum

shear force versus load location and the
shear stress distribution; to be taken as 1.2

Ren = Yield stress as in D.3.2 [N/mm?]
5.2 Ice stringers outside the ice belt
The section modulus of a stringer situated outside the

ice belt but supporting ice-strengthened frames are to
be calculated according to the following formula:

fy-fo-p-h-¢?-10° h
w=>212 P -(1——5)[cm3]

m - Rey s

The effective shear area is to be:

V3-fy f-fyy-p-h-?-10% h
A= 9 o 11" P _(1_ s) [cm?]
ZIReH
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The product of p - h in section modulus and shear area
formulae above is not to be taken as less than 0.15.

m = Boundary condition factor as defined in 4.4.

ls = The distance to the adjacent ice stringer,
deck or similar structure [m]

hs = The distance of the stringer to the ice belt [m]

fo = Factor which takes account of the distribution
of load to the transverse frames; to be taken

as 0.80
fi0 = Safety factor of stringers; to be taken as 1.8
fi1 = Factor that takes into account the maximum

shear force versus load location and the
shear stress distribution; to be taken as 1.2

Ren = Yield stress as in D.3.2 [N/mm?]
5.3  Deck strips

Narrow deck strips abreast of hatches and serving as
ice stringers are to comply with the section modulus and
shear area requirements in 5.2 and 5.3 respectively. In
the case of very long hatches the product p - h may be

| taken as less than 0.15 but in no case less than 0.10.

Regard is to be paid to the deflection of the ship’s sides

| due to ice pressure in way of very long (more than B/2)
hatch openings when designing weather deck hatch
covers and their fittings.

6. Web Frames
6.1 Ice Load

The ice load transferred to a web frame from an ice
stringer or from longitudinal framing is to be calculated
according to the following formula:

P=f, p-h-e-103 [kN]

p = Ice pressure as given in 2.2.2 [N/mm?, in
calculating C, however, /, is to be taken as
2e.

The product p - h is not to be taken less than 0.15.
e = Web frame spacing in [m].
fi2 = Safety factor of web frame; to be taken as 1.8

In case the supported stringer is outside the ice belt, the
load P is to be multiplied by

(l_ Ej

Us
where, hs and {5 shall taken as defined in 5.2.
6.2 Section modulus and shear area

The section modulus and shear area of web frames
shall be calculated by the formulae:

The effective shear area:

V3-a-f;-Q-10*

= [em?]
ReH
Where
Q = Maximum calculated shear force under the ice
load P, as given in 6.1 (Q=P)
fis = Factor that takes into account the shear force
distribution; to be taken as 1.1
o = Coefficient given on Table 14.10
Ren = Yield stress as in D.3.2 [N/mm?]

Section modulus:

w M
ReH
M = Maximum calculated bending moment [kNm]

under the ice load P (as calculated according
to 6.1); this is to be taken as M = 0.193P/.

y = Coefficient according to Table 14.10
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A = Required shear area
Aa = Actual cross sectional area of the web frame,
Aa = A+ Ay

Factors a and y can be obtained from the table below

Table 14.10 Coefficient a and y for the calculation of required shear area and section modulus

AdAw 0.00 0.20 0.40 0.60 0.80

1.00 1.20 1.40 1.60 1.80 2.00

o 1.50 1.23 1.16 111 1.09

1.07 1.06 1.05 1.05 1.04 1.04

Y 0.00 0.44 0.62 0.71 0.76

0.80 0.83 0.85 0.87 0.88 0.89

A = Cross sectional area of free flange
A,, = Cross sectional area of web plate

7. Stem

The stem is to be made of rolled, cast or forged steel or
of shaped steel plates (refer to Figure 14.4).

Figure 14.4 Examples of Suitable Stems

The plate thickness of a shaped plate stem and in the case
of a blunt bow, any part of the shell where a = 30° and y =
75° (see C.2 for angle definitions), shall be calculated

according to the formula in D.3.2 assuming that:

a = Spacing of elements supporting the plate [m]

PeL p [MPa] (see D.3.2)

la Spacing of vertical supporting elements [m]

(see Table 14.7)

The stem and the part of a blunt bow defined above are to
be supported by floors or brackets spaced not more than
0.6 m apart and having a thickness of at least half the plate
thickness. The reinforcement of the stem shall extend from
the keel to a point 0.75 m above UIWL or, in case an upper
bow ice belt is required (D.1.1.5), to the upper limit of this.
8. Stern

8.1 The introduction of new  propulsion
arrangements with azimuthing thrusters or “podded”
propellers, which provide an improved manoeuvrability,
will result in increased ice loading of the Stern region

and the stern area. This fact is to be considered in the
design of the aft/stern structure.

8.2 In order to avoid very high loads on propeller
blade tips, the minimum distance between propeller(s)
and hull (including stern frame) should not be less than
ho (see D.2.2.1).
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8.3 On twin and triple screw ships the ice
strengthening of the shell and framing is to be extended
to the double bottom for 1,5 m forward and aft of the
side propellers.

8.4 Shafting and stern tubes of side propellers are
normally to be enclosed within plated bossings. If
detached struts are used, their design, strength and
attachment to the hull are to be duly considered.

9. Rudder and Steering Gear Arrangements

9.1 The scantlings of rudder post, rudder stock,
pintles, steering engine, etc. as well as the capability of
the steering engine are to be determined according to
the requirements for main class. The maximum service
speed of the ship to be used in these calculations is not
to be taken as less than stated below:

ICE-B4 20 knots
ICE-B3 18 knots
ICE-B2 16 knots
ICE-B1 14 knots

If the actual maximum service speed of the ship is
higher, that speed is to be used.

9.2 Independent of rudder profile the coefficient K»
according to Section 18, B.1 need not be taken greater
than Kz = 1.1 in connection with the speed values given
in item 9.1.

The factor K3 according to Section 18, B.1 need not be
taken greater than 1.0 for rudders situated behind a
nozzle.

9.3 The local scantlings of rudders are to be
determined assuming that the whole rudder belongs to
the ice belt (according to D.1.1). Further, the rudder
plating and frames are to be designed using the ice
pressure p for the plating and frames in the midbody
region (refer to item D.2.2.2).

9.4 For ice classes ICE-B4 and ICE-B3, the rudder
(rudder stock and the upper part of the rudder) is to be
protected from direct contact with intact ice by an ice
knife that extends below the LIWL, if practicable (or
equivalent means). Special consideration shall be given
to the design of the rudder and the ice knife for ships
with flap-type rudders.

9.5 For ice classes ICE-B4 and ICE-B3, due
regard is to be paid to the large loads that arise when
the rudder is forced out of the midship position while
going astern in ice or into ice ridges. Suitable
arrangement such as rudder stoppers shall be installed
to absorb these loads.

9.6 Relief valves for hydraulic pressure in rudder
turning mechanism(s) shall be installed. The
components of the steering gear (e.g. rudder stock,
rudder coupling, rudder horn etc.) shall be dimensioned
to withstand loads causing yield stresses in the rudder
stock.

Note: For ships sailing in low temperature areas, small gaps
between the rudder and ship's hull may cause the rudder to
become fixed to the hull through freezing. It is therefore
recommended to avoid gaps less than 1 / 20 of the rudder
body width or 50 mm, whichever is less, or to install suitable
means such as heating arrangements.

10. Ice-Strengthening of Lateral Thruster Grids

10.1 As navigating within icy covered waters, ice-
strengthening of lateral thruster grids shall be required.
Refer also to TL Rules Chapter 4 Machinery Section 19
for Machinery for ICE Class Notation.

Lateral thruster tunnels are generally to be situated
outside the icebelt defined in D.1.1 by the bow,
midbody, and stern regions (for ICE-B4 also forefoot
region). Positioning of any portion of the grid within the
icebelt shall be subject to consideration of TL due to its
encountering loads arising from intact ice.

Grids installed at the inlets of such tunnels may be
subjected to loads arising from broken ice and are to be
designed according to 10.2 and 10.3 below.

10.2 For a grid of standard construction, intercostal
bars are to be fitted perpendicular to continuous bars
(see Fig. 14.5). Continuous and intercostal bars are to
be evenly spaced not more than S¢max = Simax = 500 mm
(minimum 2 x 2 bars).

The grid is not to protrude outside the surface of the hull
(i.e. surface of the hull and grid bars shall be flush) and
it is recommended to align continuous bars with the
buttock lines at the leading edge of the thruster tunnel
(see Fig. 14.5).
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Grids of non-standard construction are to have an
equivalent strength to that of the standard configuration
described in 10.3.

10.3 The section modulus W. of continuous bars, is not
to be less than determined by the following formula:

L (1—1x)-10"* [em?]
= (1-x%)- cm
€7 4 Ry
W, 235 cm®
S¢ = Spacing [mm] of continuous bars
D = Diameter [mm] of thruster tunnel
K = Coefficient, defined as (not to be taken greater
0.5):
I, s
K=04 ——
Ic S
li/lc = Ratio of moments of inertia of intercostal and

continuous bars

Sc/si Ratio of spacings of continuous and intercostal

bars

Continuous Bars

Intercostal Bars 2 \\ .

/ = = N
."f"’—".':::::.\ ---;—.:-;-.‘-‘ s '
\

Buttock Lines

Figure 14.5 Standard construction of lateral thruster
grid

E. Ice Strengthening for Class Notation ICE-B

Requirements in this section for class notation ICE-B
are intended for light and very light localised drift ice in
mouths of rivers and coastal areas.

1. Shell Plating

11 Within the ice belt the shell plating must have a
strengthened strake extending over the forward region
the thickness of which is to be determined according to
D.3.2.

1.2 The midship thickness of the side shell plating
is to be maintained forward of amidships up to the
strengthened plating.

2. Frames

2.1 In the bow region the section modulus of the
frames is to comply with the requirements given in D.4.

2.2 Tripping brackets spaces not more than 1,3 m
apart are to be fitted within the ice belt in line with the
tiers of beams and stringers in order to prevent tripping
of the frames. The tripping brackets are to be extended
over the bow region

3. Stem

The thickness of welded plate stems up to 600 mm
above UIWL is to be 1,1 times the thickness required
according to Section 9 C.2, however, need not exceed
25 mm. The thickness above a point 600 mm above the
UIWL may be gradually reduced to the thickness

required according to Section 9 C.2.
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A. General
~ 1. Application

| 1.1 Special requirements of National
Administrations regarding hatchways, hatch covers,
tightening and securing arrangements are to be

observed.

| 1.2 The strength requirements are applicable to
hatch covers and hatch coamings of stiffened plate

construction and its closing arrangements.

~ 1.3 This section is applicable to hatch covers and
coamings made of steel. In case of alternative materials
and innovative designs the approval is subject to the TL.

~ 1.4 This section does not apply to portable covers

secured weathertight by tarpaulins and battening
devices, or pontoon covers, as defined in ICLL
Regulation 15.

| 2. Hatchways on Freeboard and Superstruc-
ture Decks
| 21 The hatchways are classified according to their

position as defined in Section 1, H.6.7.

| 2.2 Hatchways are to have coamings, the
minimum height of which above the deck is to be as
follows:
- In position 1: 600 mm
- In position 2: 450 mm

| 2.3 Hatchways for ships engaged in sheltered
water service (assigned with the notations K6, L1 and

L2)

|2.3.1 The height h above deck of hatchway
coamings is not to be less than:

=y
1

600 mm  on decks in Position 1

h = 380 mm on decks in Position 2

2.3.2 The thickness t of coamings is to be
determined by the following formulae:

t = 4.5+é [mm]  for longitudinal coamings

t = 2.75+g [mm] for transverse coamings

f = length [m] of hatchway

b = breadth [m] of hatchway

233 For hatch covers the requirements of

Section 15,C, Section 16,G, and Section 15, D apply.

2.4 A deviation from the requirements under 1.2
may only be granted for hatchways on exposed decks
which are closed by weathertight, self tightening steel
covers. The respective exemption, in accordance with
ICLL Regulation 14-1, has to be applied for in advance
from the competent flag state authority.

25 Where an increased freeboard is assigned,
the height of hatchway coamings according to 1.2 on
the actual freeboard deck may be as required for a
superstructure deck, provided the summer freeboard is
such that the resulting draught will not be greater than
that corresponding to the minimum freeboard calculated
from an assumed freeboard deck situated at a distance
equal to a standard superstructure height below the
actual freeboard deck.

2.6 For corrosion protection of hatch coamings and
hatch covers of bulk carriers, ore carriers and
combination carriers, see Section 22, A.10.

2.7 For hatch covers on freeboard and superstruc-
ture decks the application of steel with Rey > 355 N/mm?
is to be agreed with TL.

3. Hatchways on Lower Decks and Within
Superstructures
3.1 Coamings are not required for hatchways

below the freeboard deck or within weathertight closed
superstructures unless they are required for strength
purposes.
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3.2 For hatch covers on lower decks and within
superstructures the application of steel with Rey > 355
N/mm? is to be agreed with TL.

4. Definitions
Single skin cover

A hatch cover made of steel or equivalent material that is
designed to comply with ICLL Regulation 16. The cover
has continuous top and side plating, but is open
underneath with the stiffening structure exposed. The
cover is weathertight and fitted with gaskets and clamping
devices unless such fittings are specifically excluded.

Double skin cover

A hatch cover as above but with continuous bottom
plating such that all the stiffening structure and internals
are protected from the environment.

Pontoon type cover

A special type of portable cover, secured weathertight
by tarpaulins and battening devices. Such covers are to
be designed in accordance with ICLL Regulation 15 and
are not covered by this Section.

Note:

Modern hatch cover designs of lift-away-covers are in many
cases called pontoon covers. This definition does not fit to the
definition above. Modern lift-away hatch cover designs
should belong to one of the two categories single skin covers
or double skin cover.

p = Design load [kN/mz] for hatch covers of re-
spective load cases A to D according to B.

= pH for vertical loading on hatch covers

= pA for horizontal loading on edge girders
(skirt plates) of hatch covers and on
coamings according to Section 13, C.2.

= Liquid pressure Pt

= Psc + Ppc for cargo loads on hatch covers
according to Section 5, C.4.1 and Section 5,
D.6.1.

Pr Pst + Por

Pr1, Pr2, P13, Pra, Prs

the greatest value is to be used.

P+ = Design tank pressure load [kN/mz] according
to Section 5, C.3 and Section 5, D.8

X = Distance of midpoint of the assessed hatch
cover from aft end of length L or L, as
applicable

hn = Superstructure standard height according to
ICLL

= 1,05+0,01L¢[m];1,8=<hy<2,3

Dmin = The least moulded depth, in m, as defined in
ICLL Regulation 3

| = Unsupported span [m] of stiffener, to be taken
as the spacing of main girders or the distance
between a main girder and the edge support for
hatch covers and as the spacing of coaming

stays for hatch coamings, as applicable

a = Spacing of stiffeners [m]
t = Thickness of structural member [mm]
= thet + ik
thet = Net thickness [mm]
tk = Corrosion addition acc. to 4.1, Table 15.1
5. Corrosion Additions and Steel Renewal
51 For the scantlings of hatch covers and

coamings additions tx given by Table 15.1 are to be
applied.

5.2 For the steel renewal of hatch covers and
coamings TL Classification and Surveys Rules, Section
3, item J.4.3 are to be applied.
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Table 15.1 Corrosion additions for hatch coamings and hatch covers

Application

Structure

tk [mm]

Weather deck hatches of
container ships, car

Hatch covers

1,0

carriers, paper carriers, .
Hatch coamings
passenger vessels

according to Section 3, B.9

Weather deck hatches of
all other ship types

structure

Hatch covers in general: 2,0
Weather exposed plating and bottom

. . 1,5(2,0)
plating of double skin hatch covers
Internal structure of double skin hatch covers and

. 1,0 (1,5)

closed box girders
Hatch coamings not part of the longitudinal hull 15

(e.g. multi-purpose dry

Hatch coamings part of the longitudinal hull

according to Section 3, B.9

cargo ships) structure
Coaming stays and stiffeners 15
Hatch covers:
Hatches within enclosed | - Top plating 1,2
spaces .
P - Remaining structures 1,0

Hatch coamings

according to Section 3, B.9 to B.9.3

(1)  The tk values for load cases B, C and E, respectively are to be indicated in the drawings.
(2)  The tk values in brackets are to be applied to bulk carriers according to the definition of IACS Common structural Rules.

B. Hatch Covers
1. General Requirements
1.1 Structural Arrangement

1.1.1  Primary supporting members and secondary
stiffeners of hatch covers are to be continuous over the
breadth and length of hatch covers, as far as practical.
When this is impractical, sniped end connections are
not to be used and appropriate arrangements are to be
adopted to provide sufficient load carrying capacity.

1.1.2 The spacing of primary supporting members
parallel to the direction of secondary stiffeners is not to
exceed 1/3 of the span of primary supporting members.
When strength calculation is carried out by FE analysis
according to 4.4, this requirement can be waived.

1.1.3 Secondary stiffeners of hatch coamings are to
be continuous over the breadth and length of hatch

coamings.

1.2 Material

121 Hatch covers and coamings are to be made of

material in accordance with the definitions of Section 3.

1.2.2 Material class | is to be applied for top plate,
bottom plate and primary supporting members.

2. Design Loads
Structural assessment of hatch covers and hatch

coamings is to be carried out according to the following

design loads:
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2.1 Load case A:

2.1.1  The vertical design load Py for weather deck
hatch covers is to be taken from Table 15.2. Refer to
Figure 15.1 and Section 1 H.6.7 for definitions of
Position 1 and 2.

2.1.2 In general, the vertical design load P, needs
not to be combined with load cases B and C according
to 2.2 and 2.3.

2.1.3  Where an increased freeboard is assigned, the
design load for hatch covers according to Table 15.2 on
the actual freeboard deck may be as required for a
superstructure deck, provided the summer freeboard is
such that the resulting draught will not be greater than
that corresponding to the minimum freeboard calculated
from an assumed freeboard deck situated at a distance
equal to a standard superstructure height hy below the
actual freeboard deck, refer to Figure 15.2.

21.4 The vertical design load pPH shall in no case be
less than the deck design load pwp according to Section
5, D.4. Instead of the deck height z the height of hatch
cover plating above baseline is then to be inserted.

2.1.5 The horizontal design load pa for the outer
edge girders (skirt plates) of weather deck hatch covers
and of hatch coamings is to be determined analogously
as for superstructure walls in the respective position
according to Section 13, C.2.

Note:

The horizontal weatherl design load need not be included in
the direct strength calculation of the hatch cover, unless it is
utilized for the design of substructures of horizontal support
according to B.5.7.

For bulk carriers according to Section 27 the horizontal
load shall not be less than:

175 kN/m®  in general for outer edge

PAmin
girders of hatch covers

220 kN/m® in general for hatch coamings

230 kN/m®  for the forward edge girder of
the hatch 1 cover, if no

forecastle according to Section
27, D. is arranged.

290 kN/m? for the forward transverse

coaming of hatch 1, if no
forecastle according to Section
27, D. is arranged.

2.2 Load case B:
Where cargo is intended to be carried on hatch covers
they are to be designed for the loads as given in Section

5, D.6.and C.4.1 (Ppc+Psc)

If cargo with low stowage height is carried on weather
deck hatch covers Section 5, D.4.2 is to be observed.

2.3 Load case C:

2.3.1 Container loads applied on hatch cover
resulting from heave and pitch

The load P [KN] applied at each corner of a container
stack, and resulting from heave and pitch (i.e. ship in
upright condition) is to be determined as follows:

M
P=981",(1+a)

acceleration addition according to Section 5.B.2

ay

M Maximum designed mass of container stack in t

2.3.2 Container loads applied on hatch cover
resulting from heave, pitch and rolling

The loads [kN] applied at each corner of a container
stack, and resulting from heave, pitch, and the ship's
rolling motion (i.e. ship in heel condition) are to be
determined as follows (see also Figure 15.3):

M hm
Az=981-—(1+ay)| 045-0,42 7 | [kN]

2 b

M hm
B;=9.81-—(1+ay)| 0,45+0,42 2 | [kN]

2 b

By=24-M [kN]
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Table 15.2 Design load of weather deck hatches

Position

Design load py [KN / m?]

X <075
L=

0,75 < — < 1,0
) L—’

C

for24 m<L. <100 m

9,81

Py =——
H™ 76

(1,5 L + 116)

On freeboard deck;

9,81
PH ="

X
428 L. +28)——-171"L 95]
L | @28 Lo+ 28) ot

C

Upon exposed superstructure decks located at least one

superstructure standard height hy above the freeboard deck;

9,81

Py =——
H™ 76

(1,5 L.+ 116)

for L >100 m

1 On freeboard deck for type B ships according to ICLL; (1)
X
Py =9,81"1(0,0296 " L; + 3,04)" L~ 0,0222-L, + 1,22]
C
On freeboard deck for ships with less freeboard than type B according
to ICLL; (1)
Py =981"35
X
Py =9,81-((0,1452" L, — 8,52)" T~ 0,1089 L, + 9,89]
C
Upon exposed superstructure decks located at least one
superstructure standard height hy above the freeboard deck;
Py =981-35
for2d m<L.<100 m
P _ 281 (1,1 L. + 87,6)
H™ 76 7 et 70
for L >100 m
2
Py =981"2,6

lowest Position 2 deck;

Upon exposed superstructure decks located at least one superstructure standard height hy above the

Py =9,81-2,1

)

L; = L¢ but not more than 340 m
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Where;

av = Acceleration addition according to Section
5.B.2

M = Maximum designed mass of container stack [f]

= ZWI

hm = Designed height of centre of gravity of stack
above hatch cover top [m] may be calculated
as weighted mean value of the stack, where
the centre of gravity of each tier is assumed
to be located at the centre of each container,

Zi = Distance from hatch cover top to the centre
of i" container in m

W, = Weight of i" container in't

b = Distance between midpoints of foot points [m]

Az, Bz, By =  Support forces in y- and z-direction at

the forward and aft stack corners.

When strength of the hatch cover structure is assessed
by grillage analysis according to B.4, hy, and z; need to
be taken above the hatch cover supports. Forces By
does not need to be considered in this case.

Values of Az, M and B; applied for the assessment of
hatch cover strength are to be shown in the drawings of
the hatch covers.

Note:

It is recommended that container loads as calculated above
are considered as limit for foot point loads of container
stacks in the calculations of cargo securing (container
lashing).

233 Load cases with partial loading

The load cases B and C are also to be considered for
partial loading which may occur in practice, e.g. where
specified container stack places are empty. For each
hatch cover, the heel directions, as shown in Table
15.3, are to be considered.

The load case partial loading of container hatch covers
may be evaluated using a simplified approach, where
the hatch cover is loaded without the outermost stacks
that are located completely on the hatch cover. If there
are additional stacks that are supported partially by the
hatch cover and partially by container stanchions then
the loads from these stacks are also to be neglected,

refer to Table 15.3.

In addition, the case where only the stack places
supported partially by the hatch cover and partially by
container stanchions are left empty is to be assessed in
order to consider the maximum loads in the vertical

hatch cover supports.

It may be necessary to also consider partial load cases
where more or different container stack places are left
empty. Therefore, TL may require that additional partial

load cases be considered.

2.3.4 Mixed stowage of 20" and 40' containers on

hatch cover

In the case of mixed stowage (20'+40' container
combined stack), the foot point forces at the fore and aft
end of the hatch cover are not to be higher than
resulting from the design stack weight for 40
containers, and the foot point forces at the middle of the
cover are not to be higher than resulting from the design
stack weight for 20’ containers.

The design load for other cargo than containers subject

to lifting forces is to be determined separately.

2.4 Load case D:

Hatch covers of hold spaces intended to be filled with
liquids are to be designed for the loads specified in Psrt
+ Ppr according to Section 5 C.3.2.1 and Section 5
D.8.1.1 and D.8.2. irrespective of the filling height of

hold spaces.

TURK LOYDU - HULL — JULY 2016



15-8 Section 15 — Hatchways
2**
2** | i
Dk 2 \
2 1* \ 1*
Freeboard Deck 1 1 1.
‘\ Y
ﬁ O.85Dmin
y
0.25 Lc
Length Lc
* Reduced load upon exposed superstructure decks located at least one superstructure standard height above the
freeboard deck
ok Reduced load upon exposed superstructure decks of vessels with L > 100 m located at least one superstructure
standard height above the lowest Position 2 deck
Figure 15.1 Positions 1 and 2
2**
2** | ‘
P o¥x \
2+ 2 \ 2
Actual Freeboard Deck 2 2 1* /
| _|_Assumed Freeboard Deck _ _ _ . _ _ . _ . _ _| _ _ . _ _ _._ _._ 7/_32 h
\ 3
\I 0.85Dmin
i
0.25 Lc
Length Lc
* Reduced load upon exposed superstructure decks located at least one superstructure standard height above the
freeboard deck
* Reduced load upon exposed superstructure decks of vessels with L. > 100 m located at least one superstructure

standard height above the lowest Position 2 deck

Figure 15.2 Positions 1 and 2 for an increased freeboard
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AF

/
<

Figure 15.3 Forces due to load case C acting on
hatch cover

25 Load case E:

Hatch covers, which in addition to the loads according
to the above are loaded in the ship's transverse direc-
tion by forces due to elastic deformations of the ship's
hull, are to be designed such that the sum of stresses
does not exceed the permissible values given in 3.

2.6 Horizontal mass forces

For the design of hatch cover supports according to 5.7
the horizontal mass forces Fn = m - a are to be

calculated with the following accelerations:

ax = 0,2-ginlongitudinal direction
ay = 0,5:gintransverse direction
m = Sum of mass of cargo lashed on the hatch

cover and of the hatch cover
The accelerations in longitudinal direction and in
transverse direction do not need to be considered as
acting simultaneously.
3. Permissible stresses and deflections

3.1 Permissible stresses

The equivalent stress oy in steel hatch cover structures
related to the net thickness shall not exceed 0,8 - ReH.

For load cases B to E according to 2, the equivalent
stress oy related to the net thickness shall not exceed
0.9 - Ren When the stresses are assessed by means of
FEM according to 4.4.

For steels with Rey > 355 N/mmz, the value of Rey to be
applied throughout this section is to be agreed with TL
but is not to be more than the minimum yield strength of
the material.

For grillage analysis, the equivalent stress may be
taken as follows:

Gy = \/02 +3c2 [N/mmz]

G = ob+ oy [Nmm?

ob = Bending stress [N/mm?]
on = Normal stress [N/mm?]
t = Shear stress [N/mm?]

For FEM calculations, the equivalent stress may be

taken as follows:

cv:\/oz—c 6 +0° +31° [N/mmz]
X X

y oy
ox = Normal stress in x-direction [N/mmz]
oy = Normal stress in y-direction [N/mmz]

Shear stress in the x-y plane [N/mmz]

A
1

Indices x and y denominate axes of a two-dimensional
cartesian coordinate system in the plane of the
considered structural element.

In case of FEM calculations using shell or plane stress
elements, the stresses are to be read from the centre of
the individual element. It is to be observed that, in
particular, at flanges of unsymmetrical girders, the
evaluation of stress from element centre may lead to
non-conservative results. Thus, a sufficiently fine mesh
is to be applied in these cases or, the stress at the
element edges shall not exceed the allowable stress.
Where shell elements are used, the stresses are to be
evaluated at the mid plane of the element.

Stress concentrations are to be assessed to the
satisfaction of TL.
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Table 15.3 Partial loading of container hatch covers

Heel direction

Hatch covers supported by the
longitudinal hatch coaming with all
container stacks located completely
on the hatch cover

<

>

Hatch covers supported by the
longitudinal hatch coaming with the
outermost container stack supported
partially by the hatch cover and
partially by container stanchions

-

Hatch covers not supported by the
longitudinal hatch coaming (center
hatch covers)

| I

1
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3.2 Permissible deflections

The deflection f of weather deck hatch covers under the

vertical design load pH shall not exceed:

f = 0,0056 & [m]

{4 = largest span of girders [m]

Note:

Where hatch covers are arranged for carrying containers and
mixed stowage is allowed, i.e. a 40’ - container on stowages
places for two 20" - containers, the deflections of hatch covers
have to be particularly observed. Further the possible contact
of deflected hatch covers with in hold cargo has to be ob-
served.

3.3 Where hatch covers are made of aluminum
alloys, Section 3, A.4. is to be observed. For permissible
deflections 3.2 applies.

34 The permissible stresses specified under 3.1
apply to primary girders of symmetrical cross section.
For unsymmetrical cross sections, e.g. sections,
equivalence in regard to strength and safety is to be
proved, see also Section 3, B.10.

4. Strength Calculation for Hatch Covers

4.1 General

4.1.1  Strength calculation for hatch covers may be
carried out by either grillage analysis or FEM. Double
skin hatch covers or hatch covers with box girders are
to be assessed using FEM, refer to 4.4.

Calculations are to be based on net thickness

thet = 1 -tk

The tx values used for calculation have to be indicated
in the drawings.

4.1.2  Sufficient buckling strength is to be
demonstrated for hatch cover structures. Verifications of
buckling strength according to 4.5 are to be based on t
= thet and stresses corresponding to tner applying the
following safety factors:

S = 1,25 for hatch covers when subjected to the
vertical design load py according to 2.1.

S = 1,1 for hatch covers when subjected to the
horizontal design load pa according to 2.1 as
well as to load cases B to E according to 2.2.
through 2.5.

For verification of buckling strength of plate panels
stiffened with U-type stiffeners a correction factor F; =
1,3 may be applied.

4.1.3  For all structural components of hatch covers
for spaces in which liquids are carried, the minimum
thickness for tanks according to Section 12, B.2. is to
be observed.

4.2 Hatch cover supports

Supports and stoppers of hatch covers are in general to
be so arranged that no constraints due to hull deforma-
tions occur in the hatch cover structure and at stoppers
respectively, see also load case E according to 2.5.

Deformations due to the design loads according to 2.
between coaming and weathertight hatch covers, as
well as between coaming and covers for hold spaces in
which liquids are carried, shall not lead to leakiness,
refer to 6.

For bulk carriers according to Section 27 force trans-
mitting elements are to be fitted between the hatch
cover panels with the purpose of restricting the relative
vertical displacements. However, each panel has to be

assumed as independently load-bearing.

If two or more deck panels are arranged on one hatch,
clearances in force transmitting elements between

panels have generally to be observed.

Stiffness of securing devices, where applicable, and
clearances are to be considered.

4.3 Strength calculations for beam and girder

grillages

Cross-sectional properties are to be determined consid-
ering the effective breadth according to Section 3, B.5.
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Cross sectional areas of stiffeners parallel to the girder
web within the effective breadth can be included, see
45.3.2.

Special calculations may be required for determining the
effective breadth of one-sided or non-symmetrical
flanges.

The effective cross sectional area of plates is not to be
less than the cross sectional area of the face plate.

The effective width of flange plates under compression
with stiffeners perpendicular to the girder web is to be
determined according to 4.5.3.2.

In way of larger cutouts in girder webs it may be re-
quired to consider second order bending moments.

4.4 FEM calculations

For strength calculations of hatch covers by means of
finite elements, the cover geometry shall be idealized as
realistically as possible. Element size shall be ap-
propriate to account for effective breadth. In no case
element width shall be larger than stiffener spacing. In
way of force transfer points, cutouts and one-sided or
non-symmetrical flanges the mesh has to be refined
where applicable. The ratio of element length to width
shall not exceed 4.

The element height of girder webs shall not exceed one-
third of the web height. Stiffeners, supporting plates
against lateral loads, have to be included in the
idealization. Stiffeners may be modeled by using shell
elements, plane stress elements or beam elements.
Buckling stiffeners may be disregarded for the stress
calculation.

4.5 Buckling strength of hatch cover structures

For hatch cover structures sufficient buckling strength is

to be demonstrated.

The buckling strength assessment of coaming parts is

to be done according to Section 3, C.

Definitions

a = Length of the longer side of a single plate field

in mm (x-direction)

b = Breadth of the shorter side of a single plate

field in mm (y-direction)

c = Aspect ratio of single plate field
= alb
n = Number of single plate field breadths within the

partial or total plate field

t = Net plate thickness in mm

ox = Membrane stress, in N/mm?, in x-direction

oy = Membrane stress, in N/mm?, in y-direction

T = Shear stress, in N/mm?, in the x-y plane

E = Modulus of elasticity, in N/mm?, of the material

= 2,06 - 10° N/mm? for steel

or = Minimum yield stress, in N/mm?, of the material

Compressive and shear stresses are to be taken

positive, tension stresses are to be taken negative.
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longitudinal ] _
stiffener single field

I 1 1
\_ 1 | \
1 |
I P S — LA —-
1 |
_____ L \\
Z0 "am £ J, Wzﬁﬂ’é’xﬂ—”xﬂ\
< G N
_____ S yﬁ-zmw.ﬂ\x\
" y a '\
| NN

X .
—> transverse stiffener

partial field

n.b

longitudinal: stiffener in the direction of the length a;
transverse: stiffener in the direction of the breadth b

Figure 15.4 General arrangement of panel
Note:
If stresses in the x- and y-direction already contain the
Poisson-effect (calculated using FEM), the following
modified stress values may be used. Both stresses ox* and oy*

are to be compressive stresses, in order to apply the stress

reduction according to the following formulae:
0x=(0x-0,3-0y)/091
oy=(0y-03-0x)/091

0'x, Oy = Stresses containing the Poisson-effect.

- Where compressive stress fulfils the condition;

o*y <0,3 o*x, then; oy = 0 and ox = o'y

- Where compressive stress fulfils the condition;

0x<0,3-0y, then; ox=0and 6, =0

F1 = Correction factor for boundary condition at the
longitudinal stiffeners according to Table 15.4.

ce = Reference stress, in N/mm?, taken equal to
t 2
=09 E- <—)
b
v = Edge stress ratio taken equal to

o2 | o1 where

o1 = Maximum compressive stress

Table 15.4 Correction factor F;

Stiffeners sniped at | 1,0
both ends

Guidance values 1,05 for flat bars
(1) where both
ends are effectively | 1,20 for angle and tee-sections

1,10 for bulb sections

connected to 1,30 for u-type sections
adjacent structures: (2) and girders of high

rigidity (e.g. bottom

transverses)

An average value of F is to be used for plate panels
having different edge stiffeners

1) Exact values may be determined by direct calculations.

2) Higher value may be taken if it is verified by a buckling
strength check of the partial plate field using non-linear
FEA and deemed appropriate by TL but not greater

than 2.0.
c, = Minimum compressive stress or tension
stress
S = Safety factor (based on net scantling

approach), taken equal to

= 1.25 for hatch covers when subjected to the
vertical weather design load according to 2.1

= 1.10 for hatch covers when subjected to
loads according to 2.2 to 2.5

A = reference degree of slenderness, taken equal
to:
- OF
Ko,
K = Buckling factor according to Tablel15.6.
45.1 Proof of top and lower hatch cover plating

Proof is to be provided that the following condition is
complied with for the single plate field a - b:

el ez 2 e3
(GX..SJ { GVI'SJ _B[GX-G);'S J{T'SIW/EJ <10
Kx - OF Ky-OF OF K¢ OF
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The first two terms and the last term of the above

condition shall not exceed 1,0.

The reduction factors «kx, ky and k., are given in Table
15.6.

Where oy < 0 (tension stress), kx = 1,0.

Where oy < 0 (tension stress), ky = 1,0.

The exponents e1, e; and ez as well as the factor B are
to be taken as given by Table 15.5.

Table 15.5 Coefficients ey, e,, e3 and factor B

Exponents e; - ez and factor B Plate field
e1 1+Kx4
e 1+Ky4
e3 1+ Kx * Ky * KTZ
B

oy and oy positive (compression (kx - Ky)5

stress)

B 1

Oy Or Oy negative (tension stress)

45.2 Webs and flanges of primary supporting
members

For non-stiffened webs and flanges of primary
supporting members sufficient buckling strength as for
the hatch cover top and lower plating is to be
demonstrated according to 4.5.1.

453  Proof of partial and total fields of hatch covers

4.5.3.1 Longitudinal and transverse secondary
stiffeners

It is to be demonstrated that the continuous longitudinal
and transverse stiffeners of partial and total plate fields

comply with the conditions set out in 4.5.3.3 through
45.34.

For u-type stiffeners, the proof of torsional buckling
strength according to 4.5.3.4 can be omitted.

Single-side welding is not permitted to use for
secondary stiffeners except for u-stiffeners.

45.3.2 Effective width of top and lower hatch cover
plating

For demonstration of buckling strength according to
4.5.3.3 through 4.5.3.4 the effective width of plating
may be determined by the following formulae:

bm

am = xy - a for transverse stiffeners

kx - b for longitudinal stiffeners

See also Figure 15.4.

The effective width of plating is not to be taken greater
than the value obtained from 4.3.

The effective width e'm of stiffened flange plates of

primary supporting members may be determined as
follows:

€m |

'
€m

Gy.em (V)
Gy eml¥)

by by |
] e |
‘ h h h h
o
y

Figure 15.5 Stiffening parallel to web of primary
supporting member

b < enm
eym = n- bm
n = integer number of stiffener spacings b inside the

effective breadth e, according to 4.3

TURK LOYDU - HULL — JULY 2016



Section 15 — Hatchways

15-15

Table 15.6 Plane Plate Fields

Buckli Edge A ti
uckling - stress sp. ratio Buckling factor K Reduction factor k
Load case ratio W a=alb
=1 forA<
‘- 8.4 KX Ac
12¥ >0 =
. W11 KX:CG_OAZ )for)\>)\c
E:SI
wo, 0>¥>-1 K =7,63-¥(6,26-10¥) c=(1,25-0,12¥)= 12,5
P<-1 “%[“Vl'gj
- K=(1-¥)*-5,975
12%20 ozl 1V 21 1 R+P(H-R
K=F 1+72 i Ky=C #
o) (y+1,1) A A
1=as15 1V21 c=(1,25-0,12 ¥)<12,5
K=F, [l+7j ﬁ(l+ ¥)
*o R:/l[l-ij for A<Ac
Wy C
-— (13,9 - 10%¥)
0>¥>-1 o2 } R=0,22 forA>)¢
a>1,5 2
’ - 1121 [ 088
K=p||1+= | Z==(1+V¥
F{( azj 1’1( ) Ao = 2[1+ 1-—— . J
¥ 2, 8. -10\1!)} K
o o z'l
F=l1-— 5 0120
3 1-y Ap
o, l va, léaé(l-‘l’)z K—Fl( j 5.975
o
t E Ao’ = 1%-0,5 (for 1A,°< 3)
Gy ‘l"'Uy 2 .
o b K‘Fl[(l \PJ 3.9675 c1 = 0 for oy due to direct
a loads
F1
c.=1-—2>0
+05375( 1Y) 4187 T foroy
3 o due to bending (in
<1 |osa-w (Z) general)
c1 = 0for oydueto
bending in extreme load
cases (e.g. w.t. bulkheads)
2\
H=A-—F >R
c-(T+4/T?-4)
14 1
T=h+t—+ =
15, 3
_4(0,425+1/ ¢?)
o -, 12¥20 ST 3wl k=1 for A<07
o B
o k=4[0425+ 1 |1+ w)
ab VO | ozl U 8 1
T \2+051

-5-WY(1-3,42¥)

TURK LOYDU - HULL — JULY 2016




15-16 Section 15 — Hatchways B
Table 15.6 Plane Plate Fields
. Edge .
Buckling - stress Asp. ratio Buckling factor K Reduction factor k
Load case ratio W a=alb
for >0,7
Yoy ey,
4 { %if 12¥2-1 a>0
Py R K:(O,425+12)3 ¥
"L___a b x a 2
K=K, 3 Kk, =1 for A< 0,84
0,84
Ke=—0—
*-e-e-i—q—* KT:|:5’34+42j| }\.
5 T: t tr-ﬂ i a1 ¢
— +T+4- 5,34
a-b KT—{4+ 2 } for A> 0,84
O<ax<l1

Explanations for boundary conditions :

plate edge free
plate edge simply supported

Figure 15.6 Stiffening perpendicular to web of
rimary supporting member

azem

i

enp=n"a,< e,
e

n=27"—4-<1
a

e =  Width of plating supported according to 4.3.

For b = ey or a<en respectively, b and a have to be
exchanged.

am and by, for flange plates are in general to be
determined for ¥=1.

Note:

Scantlings of plates and stiffeners are in general to be
determined according to the maximum stresses cr,(y) at webs
of primary supporting member and stiffeners, respectively. For
stiffeners with spacing b under compression arranged parallel
to primary supporting members no value less than 0,25 « ¢
shall be inserted for c,(y=b).

The stress distribution between two primary supporting
members can be obtained by the following formula:

=5 1.3 _4.c —2¥ _
csx(y)—csXl {1 e{3+cl 4c2 Ze(1+cl 202)}

| Where;
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e"m = Proportionate effective breadth e, or
proportionate effective width e’y,; of primary
supporting member 1 within the distance e, as

appropriate

e"m2 = Proportionate effective breadth e, or
proportionate effective width e’,, of primary
supporting member 2 within the distance e, as
appropriate

Ox1y Ox2 Normal stresses in flange plates of adjacent
primary supporting member 1 and 2 with
spacing e, based on cross-sectional properties
considering the effective breadth or effective

width, as appropriate

y = Distance of considered location from primary

supporting member 1

Shear stress distribution in the flange plates may be assumed
linearly.

45.3.3 Lateral buckling of secondary stiffeners

Oa + Ob .S<1
OF
Where;
Ga = uniformly distributed compressive stress, in
N/mm? in the direction of the stiffener axis.
Ca = oy for longitudinal stiffeners
Ga = oy for transverse stiffeners
Cb = Bending stress, in N/mmz, in the stiffener
M0+M1
Z4°10°
Mo = Bending moment, in Nmm, due to the
deformation w of stiffener, taken equal to:
Pz w .
My = Fy with (¢ci—pz) >0
cf - Py

M1 = Bending moment, in Nmm, due to the lateral

load p equal to:

2
M, = p-b-a For longitudinal stiffeners
24-10°
2
-a-(n-b
M, = “73) For transverse stiffeners
cs-8-10

n is to be taken equal to 1 for ordinary transverse

stiffeners.

p = Lateral load in kN/m?

Fi = Ideal buckling force, in N, of the stiffener
2

Fkix = ”—z-Elx-lo“ for longitudinal stiffeners
a

2 .

Fay = LE-Iy-lO“ for transverse stiffeners
(n-b)*

I, Iy, = Net moments of inertia, in cm® of the

longitudinal or transverse stiffener including
effective width of attached plating according
to 45.3.2. Ix and |y are to comply with the
following criteria:

3
s bt
12-10°

Ix

I, > a-t
Y 7 12.10*

Pz = Nominal lateral load, in N/mm?, of the stiffener

due to ox, oy and t

For longitudinal stiffeners;

2
=3 gl — | +2:¢c o +V2¢
Pzx b xl( a j y %y 1

For transverse stiffeners;

2
t ma Ay
Pzy = . 2-cx-oxltoy _n 1+ + 211

Ax
X: X1+
o a1022)
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Cx, Cy = Factor taking into account the stresses D b.at
. . a
perpendicular to the stiffener's axis and W= m For longitudinal stiffeners
distributed variable along the stiffener's length *
5.a-p-(n-b)’ _
= 05(1+¥) for 0<¥<1 1= 7 ; For transverse stiffeners
384-10"-E-1,-cS
0,5
= for ¥ <0
-Y Ct = elastic support provided by the stiffener, in
2
Ay, Ay=  Net sectional area, in mmz, of the longitudinal N/mm
or transverse stiffener, respectively, without
. - For longitudinal stiffeners:
attached plating
ﬂ_z
m, m, Cro =P 7 (1F Cpd
t =|r-tlo_-E| —+— |20 a
1 F a b
c _ 1
For longitudinal stiffeners: e T 1210
a o9t t3-b -
—_2,0 . ml:1747 m2:0,49 1+
b Cxa
2<20: m=19 m,=037 "4 2p7T
b Cxa = |—+—| fora>2b
|2b a
For transverse stiffeners:
— 2 2
1,96 (& = |1+ 2 +| for a<2b
—>05 m.=0,37 m—i xa (
n-b ' ST - 2
2 20,5 m=049 m,= 147 - For transverse stiffeners.
n- b n’
(L)
o Cs Fxy —— (l+c
W= Wotwy v 7Y (n.py? P
Wo = Assumed imperfection [mm] 1
Cpy =
12-10 y
W, < mln(— ,10) For longitudinal stiffeners 0,91- 3 -
250" 250 t°-a
1+
Cya
n-b ;
W. < min 1 For transverse stiffeners nb 2
o (250 250" Go = |Gntop| fornbx2a
Note: C nb)2 2
For stiffeners sniped at both ends w, must not be taken less Ca = |1* (ZaJ for n-b<2a
than the distance from the midpoint of plating to the neutral -
axis of the profile including effective width of plating.
Cs = factor accounting for the boundary conditions

w1 = Deformation of stiffener, in mm, at midpoint
of stiffener span due to lateral load p. In case
of uniformly distributed load the following

values for w; may be used:

of the transverse stiffener

= 1,0 for simply supported stiffeners

= 2,0 for partially constraint stiffeners
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Zst = net section modulus of stiffener (long. or
transverse) in cm® including effective width of
plating according to 4.5.3.2.

If no lateral load p is acting the bending stress oy is to
be calculated at the midpoint of the stiffener span for
that fibre which results in the largest stress value. If a
lateral load p is acting, the stress calculation is to be
carried out for both fibres of the stiffener's cross
sectional area (if necessary for the biaxial stress field at
the plating side).

45.3.4 Torsional buckling of secondary stiffeners

45.3.4.1 Longitudinal secondary stiffeners

The longitudinal ordinary stiffeners are to comply with

the following criteria:

L'S <1,0
Ky -oF
KT = Coefficient taken equal to:
xr=1,0 for Ar<0,2
1
Ko =

T~ 1. - forAa>02
p+8? A2

$=0,5- [1+0,21 (A1 - 0,2) +ArY]

At = Reference degree of slenderness taken
equal to:
AT = RF
Okir
2 2
E ey
okt = _[%.“01385”] [N/mmz]
Ip a

For Ip, It, |, see Figure 15.7 and Table 15.7.

5 gy | | X
A A ' A
| tw tw tw tw =
- = >
£ o b, by | | b2
| —> > [
v ey lle lc C .9y

Figure 15.7 Dimensions of stiffener

Ip = Net polar moment of inertia of the stiffener, in

cm”, related to the point C

IT = Net St. Venant's moment of inertia of the

stiffener, in cm*

= Net sectorial moment of inertia of the

stiffener, in cme, related to the point C

€ = Degree of fixation taken equal to:
-3 a4

e=1+10
3 4h
*754 . I(D % + w 3
4 t 3t,,

hw = Web height, in mm

tw = Net web thickness, in mm

by = Flange breadth, in mm

tf = Net flange thickness, in mm

Aw = Netweb area equal to: Ay = hy - tw

Ar = Net flange area equal to: As = bs - t;

h, 40
e, =n,+—
Y2 (mm]

4.5.3.4.2 Transverse secondary stiffeners

For transverse secondary stiffeners loaded by
compressive stresses and which are not supported by
longitudinal stiffeners, sufficient torsional buckling
strength is to be demonstrated analogously in

accordance with 4.5.3.4.1.
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Table 15.7 Moments of inertia

Profile Ip It I
3 3 3 3
hw " tw hw -t t :
flat bar 2 w \ZV |:1- 0,63 W:| hW—tV\é
310 3-10 hw 3610

sections with bulb or

2
Aw hw 2| -4
73 +Af-ef 10

3
hw  tw |:1-0,63 IW}
3-10 hw

for bulb and angle sections:

2 2

Af -ef  bf {Af +2-GAw}
6

12-10 Af T Aw

flange bf -t? [1 et } for '3I: sectzions
4> bf bf - tf -ef
12-106
5. Scantlings
¢ = normal stress [N/mmz] of main girders
5.1 Hatch cover plating

51.1 Top plating

The thickness of the hatch cover top plating is to be
obtained from the calculation according to 4. Under

consideration of permissible stresses according to 3.1.

However, the thickness shall not be less than the
largest of ti, t2 Or tmin:

t, =162"Cp-a-

+ ty  [mm]
eH

t,=10"a+ t, [mm]

tmin =6.0+ tk [mm]

For p = Vertical design load py or cargo load Psc + Ppc;

lol

Cp=15+25" ( - 0.64> >15

eH

For p from deck design load Pwp or liquid pressure Pt
(See A.3);

lol

eH

Cp=10+25" < - 0.64> >1.0

For flange plates under compression sufficient buckling

strength according to 4.5. is to be verified.

For hatch covers subject to wheel loading plate thick-
ness shall not be less than according to Section 7,
D.7.2.

5.1.2 Lower plating of double skin hatch covers

and box girders

The thickness is to be obtained from the calculation
according to 4. under consideration of permissible

stresses according to 3.1.

The thickness shall not be less than the larger of the

following values:

—
1

6,5 a+ tx [mm]

tmin = 5,0 + tk [mm]

The lower plating of hatch covers for spaces in which
liquids are carried is to be designed for the liquid
pressure and the thickness is to be determined

according to 5.1.1.
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5.2 Main girders

5.2.1  Scantlings of main girders are obtained from
the calculation according to 4. under consideration of
permissible stresses according to 3.1.

For all components of main girders sufficient safety
against buckling shall be verified according to 4.5. For
biaxial compressed flange plates this is to be verified
within the effective widths according to 4.5.3.2.

The thickness of main girder webs shall not be less than
greater value obtained by of the following formula:

t =65 -a+tk[mm]

tmin = 5,0 + tx [mm]

5.2.2  For hatch covers of bulk carriers according to
Section 27 the ratio of flange width to web height shall
not exceed 0,4, if the unsupported length of the flange
between two flange supports of main girders is larger
than 3,0 m. The ratio of flange outstand to flange
thickness shall not exceed 15.

5.2.3 At intersections of flanges from two girders,
notch stresses have to be observed.

5.3 Edge girders (Skirt plates)

53.1 Scantlings of edge girders are obtained from
the calculations according to 4 under consideration of
permissible stresses according to 3.1.

For all components of edge girders sufficient safety

against buckling shall be verified according to 4.5.

The thickness of the outer edge girders exposed to
wash of sea shall not be less than the largest of the

following values:

t,=162-a- |22

+ ty [mm]
eH

t,=85"a + t, [mm]

tmin = 5.0 + t,  [mm]

5.3.2 The stiffness of edge girders of weather deck
hatch covers is to be sufficient to maintain adequate
sealing pressure between securing devices. The mo-
ment of inertia of edge girders is not to be less than:

I = 6-q-s*[cm
q = Packing line pressure [N/mm], minimum 5
N/mm
S = Spacing [m] of securing devices
5.3.3 For all components of edge girders sufficient

safety against buckling is to be verified according to
Section 3, C.

534 For hatch covers of spaces in which liquids
are carried, the packing line pressure shall also be
ensured in case of hatch cover loading due to liquid
pressure.

5.4 Hatch cover stiffeners
The net section modulus Whret and net shear area Agnet

of uniformly loaded hatch cover stiffeners constraint at
both ends shall not be less than:

104 2
Wnet:_‘a'f P [cm3]
ReH
10-a-¢ -p 2
Asnet =——  [em]
eH

The net thickness [mm] of the stiffener (except u-
beams/trapeze stiffeners) web is to be taken not less
than 4 mm.

The net section modulus of the stiffeners is to be de-
termined based on an attached plate width assumed
equal to the stiffener spacing.

For flat bar stiffeners and buckling stiffeners, the ratio
hity is to be not greater than 15 - k>°, where:

h = Height of the stiffener
tw = Net thickness of the stiffener
k = 235/ReH
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Stiffeners parallel to main girder webs and arranged
within the effective breadth according to Section 3, B.5.
shall be continuous at crossing transverse girders and
may be regarded for calculating the cross sectional
properties of main girders. It is to be verified that the
resulting combined stress of those stiffeners, induced by
the bending of main girders and lateral pressures, does
not exceed the permissible stress according to 3.1.

For hatch cover stiffeners under compression sufficient
safety against lateral and torsional buckling according to
4.5. is to be verified.

For hatch covers subject to wheel loading or point loads
stiffener scantlings are to be determined under
consideration of the permissible stresses according to
3.1.

55 Hatch cover supports

55.1 For the transmission of the support forces
resulting from the load cases specified in 2.1 - 2.6,
supports are to be provided which are to be designed
such that the nominal surface pressures in general do
not exceed the following values:

Pnmax = d - Pn [N/mmz]

d = 3,75-0,015 L
dmax = 3,0
dmn = 1,0in general

= 2,0 for partial loading conditions (see 2.3.1)
Pn = see Table 15.8

For metallic supporting surfaces not subjected to rela-
tive displacements the following applies:

Prmax = 3 - pn [N/mm?]
Where large relative displacements of the supporting

surfaces are to be expected, the use of material having
low wear and frictional properties is recommended.

Note:

When the maker of vertical hatch cover support material can
provide proof that the material is sufficient for the increased
surface pressure, not only statically but under dynamic
conditions including relative motion for adequate number of
cycles, permissible nominal surface pressure may be relaxed
at the discretion of TL. However, realistic long term
distribution of spectra for vertical loads and relative
horizontal motion should be assumed and agreed with TL.

5.5.2 Drawings of the supports shall be submitted.
In the drawings of the supports the permitted maximum
pressure given by the material manufacturer is to be
specified.

Table 15.8 Permissible nominal surface pressure p,

pn [N/mm?]
when loaded by
Support
material vertical horizontal force
force (on stoppers)
Hull structural
ull structura o5 40
steels
hardened steels 35 50
plastic materials
50 -
on steel
5.5.3 If necessary, sufficient abrasive strength may

be shown by tests demonstrating an abrasion of support
surfaces of not more than 0,3 mm per one year in
service at a total distance of shifting of 15 000 m/ year.

5.5.4 The substructures of the supports have to be
of such a design, that a uniform pressure distribution is
achieved.

5.5.5 Irrespective of the arrangement of stoppers,
the supports shall be able to transmit the following force
P in the longitudinal and transverse direction:

P Py
= p. - —_—
h Vd
Py = Vertical supporting force
n = Frictional coefficient
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0,5 for steel on steel

0,35 for non-metallic, low-friction support
materials on steel

5.5.6  For non-metallic, low-friction support materials
on steel, the friction coefficient may be reduced but not
to be less than 0,35 and to the satisfaction of TL.

| 55.7 Supports as well as the adjacent structures
and substructures are to be designed such that the
permissible stresses according to 3.1 are not exceeded.

| 5.5.8 For substructures and adjacent structures of

supports subjected to horizontal forces Pp, a fatigue
strength analysis is to be carried out according to
Section 4, D.5 by using the stress spectrum B and
applying the horizontal force Pp.

5.6 Securing of weather deck hatch covers

5.6.1 Securing devices between cover and
coaming and at cross-joints are to be provided to
ensure weathertightness.  Sufficient packing line
pressure is to be maintained. The packing line pressure
is to be specified in the drawings.

Securing devices shall be appropriate to bridge
displacements between cover and coaming due to hull
deformations.

5.6.2 Securing devices are to be of reliable con-
struction and effectively attached to the hatchway
coamings, decks or covers. Individual securing devices
on each cover are to have approximately the same
stiffness characteristics.

5.6.3 Where rod cleats are fitted, resilient washers

or cushions are to be incorporated.

5.6.4 Where hydraulic cleating is adopted, a
positive means is to be provided to ensure that it
remains mechanically locked in the closed position in

the event of failure of the hydraulic system.

5.6.5 Sufficient number of securing devices is to be
provided at each side of the hatch cover considering the

requirements of 5.3.2. This applies also to hatch covers
consisting of several parts.

5.6.6 Specifications of materials of securing
devices and their weldings are to be shown in the

drawings of the hatch covers.

5.6.7 The net cross-sectional area of the securing
devices is not to be less than:

A=028-q-s-k [cm?]

q = packing line pressure [N/mm], minimum 5
N/mm
S = spacing between securing devices [m], not to

be taken less than 2 m

{235}e
k.=
ReH

Ren is not to be taken greater than 0,70 Rp.

e = 0,75 for Rey > 235 N/mm?
= 1,00 for Ren < 235 N/mm?
Rm = Minimum tensile strength of material in

N/mm?.

Rods or bolts are to have a net diameter not less than
19 mm for hatchways exceeding 5 m? in area.

Securing devices of special design in which significant
bending or shear stresses occur may be designed
according to 5.6.8. As load the packing line pressure q
multiplied by the spacing between securing devices s is
to be applied.

5.6.8 The securing devices of hatch covers, on
which cargo is to be lashed, are to be designed for the
lifting forces according to 2.3., load case C, refer to
Figure 15.8. Unsymmetrical loadings, which may occur
in practice, are to be considered. Under these loadings
the equivalent stress in the securing devices is not to
exceed:

150
Oy =— [N/mmz]
Ky
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Note:
The partial load cases given in Table 15.3 may not cover all
unsymmetrical loadings, critical for hatch cover lifting.

Chapter 5.6 of IACS Rec. 14 should be referred to for
the omission of anti lifting devices.

5.6.9 Securing devices of hatch covers for spaces
in which liquids are carried shall be designed for the
lifting forces according to 2.4., load case D.

5.6.10 Cargo deck hatch covers consisting of
several parts have to be secured against accidental
lifting.

TAZ le TAZ le TAZ le TAZ le TAZ le

Ll__‘-%-“'""“- Lifting Force LTJ

Figure 15.8 Lifting forces at a hatch cover
5.7 Hatch cover stoppers

Hatch covers shall be sufficiently secured against
shifting.

Stoppers are to be provided for hatch covers on which
cargo is carried as well as for hatch covers, which edge
girders have to be designed for pa > 175 kN/m?
according to 2.1.5.

Design forces for the stoppers are obtained from the
loads according to 2.1.5 and 2.6.

The permissible stress in stoppers and their substruc-
tures in the cover and of the coamings is to be deter-
mined according to 3.1. The provisions in 5.5 are to be

observed.
5.8 Cantilevers, load transmitting elements
58.1 Cantilevers and load transmitting elements

which are transmitting the forces exerted by hydraulic
cylinders into the hatchway covers and the hull are to be
designed for the forces stated by the manufacturer. The
permissible stresses according to 3.1 are not to be
exceeded.

5.8.2 Structural members subjected to compressive
stresses are to be examined for sufficient safety against
buckling, according to 4.5.

5.8.3 Particular attention is to be paid to the struc-
tural design in way of locations where loads are intro-
duced into the structure.

5.9 Container foundations on hatch covers

Container foundations and their substructures are to be
designed for the loads according to 2., load cases B and
C, respectively, applying the permissible stresses
according to 3.1.

6. Weather Tightness of Hatch Covers

For weather deck hatch covers packings are to be
provided, for exceptions see 6.2.

6.1 Packing material

6.1.1 The packing material is to be suitable for all
expected service conditions of the ship and is to be
compatible with the cargoes to be transported.

The packing material is to be selected with regard to
dimensions and elasticity in such a way that expected
deformations can be carried. Forces are to be carried by
the steel structure only.

The packings are to be compressed so as to give the
necessary tightness effect for all expected operating
conditions.

Special consideration shall be given to the packing
arrangement in ships with large relative movements
between hatch covers and coamings or between hatch
cover sections.

6.1.2 If the requirements in 6.2 are fulfilled the

weather tightness can be dispensed with.
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6.2 Non-weathertight hatch covers

6.2.1 Upon request and subject to compliance with
the following conditions the fitting of weather tight
gaskets according to 6.1 may be dispensed with for
hatch covers of cargo holds soley for the transport of
containers:

6.2.1.1 The hatchway coamings shall be not less
than 600 mm in height.

6.2.1.2
are located is situated above a depth H(x).

The exposed deck on which the hatch covers

H(x) is to be shown to comply with the following
calculated criteria:

H(X) > Trp + fp + h [M]

Tio = Draught corresponding to the assigned sum-
mer load line[m]
fo = Minimum required freeboard determined in
accordance with ICLL [m]
h = 4,6m for x <0,75
L
X
= 69m for — >0,75
L
6.2.1.3 Labyrinths or equivalents are to be fitted

proximate to the edges of each panel in way of the
coamings. The clear profile of these openings is to be
kept as small as possible.

6.2.1.4
cover panels the clear opening of the gap in between

Where a hatch is covered by several hatch

the panels shall be not wider than 50mm.

6.2.1.5

panels shall be considered as unprotected openings

The labyrinths and gaps between hatch cover

with respect to the requirements of intact and damage

stability calculations.

6.2.1.6
the necessary fire-fighting system reference is made to
the TL Rules for Machinery Chapter 4, Section 16 and
18.

With regard to drainage of cargo holds and

| 6.2.1.7

Bilge alarms should be provided in each hold
fitted with non-weathertight covers.

|6.2.1.8 Furthermore, the requirements for the

carriage of dangerous goods are to be complied with,
refer to Chapter 3 of IMO MSC/Circ. 1087.

6.2.2 Securing devices

In the context of 6.2 an equivalence to 5.6 can be

considered subject to:

- The proof that in accordance with 2.3 (load case
C) securing devices are not to be required and
additionally

- The transverse cover guides are effective up to a
height he above the cover supports, see Figure
15.9. The height he shall not be less than the
greater of the following:

hemin = Height of the face plate [mm] + 150

where he = 1,75-@ [mm]

e = Largest distance of the cover guides from the
longitudinal face plate [mm]

S = Total clearance [mm]

with

10<s<40

The transverse guides and their substructure are to be
dimensioned in accordance with the loads given in 2.6
acting at the position he using the equivalent stress level
ov = Ren [N/mm?].

6.3 Drainage arrangements
6.3.1 Drainage arrangement at hatch covers

Cross-joints of multi-panel covers are to be provided
with efficient drainage arrangements.
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> -
8 e
Figure 15.9 Height of transverse cover guides
6.3.2 Drainage arrangement at hatch coamings 6.4.2 Upon completion of the hatchway cover

6.3.2.1 If drain channels are provided inside the line
of gasket by means of a gutter bar or vertical extension
of the hatch side and end coaming, drain openings are
to be provided at appropriate positions of the drain
channels.

6.3.2.2  Drain openings in hatch coamings are to be
arranged with sufficient distance to areas of stress
concentration (e.g. hatch corners, transitions to crane
posts).

6.3.2.3  Drain openings are to be arranged at the
ends of drain channels and are to be provided with non-
return valves to prevent ingress of water from the
outside. It is unacceptable to connect fire hoses to the
drain openings for this purpose.

6.3.2.4 If a continuous outer steel contact between
cover and ship structure is arranged, drainage from the
space between the steel contact and the gasket is also

to be provided for.

6.4 Tightness test, trials

6.4.1 The self-tightening steel hatch covers on
weather decks and within open superstructures are to
be hose tested. The water pressure should not be less
than 2 bar and the hose nozzle should be held at a dis-
tance of not more than 1,5 m from the hatch cover to be
tested. The nozzle diameter should not be less than 12
mm. During frost periods equivalent tightness tests may
be carried out to the satisfaction of the Surveyor.

system trials for proper functioning are to be carried out

in presence of the Surveyor.

C. Hatch Coamings and Girders
1. General
11 Hatch coamings which are part of the longi-

tudinal hull structure are to be designed according to
Section 5. For structural members welded to coamings
and for cutouts in the top of coaming sufficient fatigue
strength according to Section 4, D.5 is to be verified.

In case of transverse coamings of ships with large deck
openings Section 6, F. is to be observed.

1.2 Coamings which are 600 mm or more in
height are to be stiffened by a horizontal stiffener.

Where the unsupported height of a coaming exceeds
1.2 m additional stiffeners are to be arranged.

Additional stiffeners may be dispensed with if this is
justified by the ship's service and if sufficient strength is
verified (e.g. in case of container ships).

Stiffeners of hatch coamings are to be continuous over
the breadth and length of hatch coamings.

Longitudinal hatchway coamings are to be adequately
supported by stays or brackets. Adequate safety against
buckling is to be proved for longitudinal coamings which
are part of the longitudinal hull structure.
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1.3 Hatch coamings and supporting structures
are to be adequately stiffened to accommodate the
loading from hatch covers, in longitudinal, transverse
and vertical directions.

Coaming stays are to be supported by appropriate
substructures.

Under deck structures are to be designed under
consideration of permissible stresses according to
B.3.1.

| 1.4 Hatchway coamings which are exposed to
the wash of sea are to be designed for the loads
according to B.2.1.5

| 15 On ships carrying cargo on deck, such as
timber, coal or coke, the stays are to be spaced not
more than 1,5 m apart.

Where other structural members of the hull, e.g. frames,
deck beams, bulkheads, hatchway coamings, bulwark
stays etc. are subjected to loads from containers, cell
guide systems and container lashing devices, these
members are to be strengthened wherever necessary
so that the actual stresses will not exceed those upon
which the formulae in the respective Sections are
based.

1.6 Coaming plates are to extend to the lower
edge of the deck beams; or hatch side girders are to be
fitted that extend to the lower edge of the deck beams.
Extended coaming plates and hatch side girders are to
be flanged or fitted with face bars or half-round bars.
Refer to Figure 15.10.

1.7 The connection of the coamings to the deck
at the hatchway corners is to be carried out with special
care. For bulk carriers, see also Section 27, F.

For rounding of hatchway corners, see also Section 7,
D.5.

| 1.8 For hatch way coamings which are designed
on the basis of strength calculations as well as for hatch
girders, cantilevers and pillars, see Section 8.D.

| 1.9 Longitudinal hatch coamings with a length
exceeding 0,1 - L are to be provided with tapered
brackets or equivalent transitions and a corresponding

substructure at both ends. At the end of the brackets
they are to be connected to the deck by full penetration
welds of minimum 300 mm in length.

C——

) |
Hatch coaming
/ :
g 4 |

Hatch side girder

;/\Q

Deck beam

Figure 15.10 Example for a hatch side girder

2. Scantlings
2.1 Plating

The thickness of weather deck hatch coamings shall not
be less than the larger of the following values:

— v v pA
t=cra —ReH+ ty [mm]

L
tmin = 6 +W+ ty [mm]

L need not be taken greater than 300 m

tmin is to be taken as 9,5 + tx [mm] for bulk carrier
according to Section 27.

(9]
1

16.4 for bulk carrier according to Section 27

(9]
1

14.6 for all other ships

For grab operation see also Section 27, B.10.

The thickness of weather deck hatch coamings, which
are part of the longitudinal hull structure, is to be de-
signed analogously to side shell plating according to
Section 7.
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2.2 Coaming stays

221 Coaming stays are to be designed for the
loads and permissible stresses according to B.

2.2.2 At the connection with deck, the net section
modulus Wet, in cm?, and the gross thickness ty, in mm,
of the coaming stays designed as beams with flange
(examples 1 and 2 are shown in Figure 15.11) are to be
taken not less than:

526 2 3
net:@'e'hs "pa [cm?®]
2 'e'hs'p

A
ty = ————+ t
W = ReH hy + tx [mm]

e = Spacing of coaming stays [m]
hs = Height of coaming stays [m]
hy = Web height of coaming stay at its lower end [m]

For the calculation of Wy the effective breadth of the
coaming plate shall not be larger than the effective plate
width according to 4.5.3.2
Face plates may only be included in the calculation if an
appropriate substructure is provided and welding
ensures an adequate joint.

For other designs of coaming stays, such as those
shown in Figure 15.11, examples 3 and 4, the stresses
are to be determined through a grillage analysis or
FEM. The calculated stresses are to comply with the
permissible stresses according to B.3.1.

Coaming stays are to be supported by appropriate
substructures. Underdeck structures are to be designed
under consideration of permissible stresses according to B.

Webs are to be connected to the deck by fillet welds on
both sides with a throat thickness of a = 0.44 t..

For toes of stay webs within 0.15'hy, the throat thickness
is to be increased to a = 0.7°tw for tw <10 mm. For ty, >
10 mm deep penetration double bevel welds are to be
provided in this area.

2.2.3 For coaming stays, which transfer friction forces
at hatch cover supports, fatigue strength according to
Section 3, D is to be considered, refer also to B.5.5.

2.3 Horizontal stiffeners

The stiffeners shall be continuous at the coaming stays.

For stiffeners with both ends constraint the elastic net

section modulus Wyet and net shear area As net Shall not

be less than:
cra- /2 p
Whet = WA [cm?®]
P eH
10-a~ ¢ p,
snet — R—eH [cm?]
c = 75; for bulk carriers according to Section 27
c = 83; for all other ships

—h
o
|

= ratio of plastic and elastic section modulus

- For bulk carrier according to Section 27

% < _Rm
P W,, = ReH

- For ships other than bulk carrier according to
Section 27.

W= plastic

Wee= elastic
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Example 1

—_—

Example 2

Example 3

Example 4

Figure 15.11 Examples of coaming stays

For sniped stiffeners at

Horizontal stiffeners on hatch

D. Smaller Openings
1. Miscellaneous
1.1 Manholes and small

1.3 Openings in

1.4 Companionways or
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15 For ships engaged

h = 600 mm on decks in Position 1
h = 380 mm on decks in Position 2
1.6 The doors of the companionways are to be

capable of being operated and secured from both sides.
They are to be closed weathertight by rubber sealings
and toggles.

1.7 Access hatchways shall have a clear width of
at least 600 - 600 mm.

1.8 Weathertight small hatches in Load Line Po-
sition 1 and 2 according to ICLL shall be generally
equivalent to the international standard ISO 5778.

1.9 For special requirements for strength and
securing of small hatches on the exposed fore deck,
see 2.

1.10 According to the IACS Unified Interpretation
SC 247 the following applies to securing devices of

emergency escape hatches:

- Securing devices shall be of a type which can be
opened from both sides.

- The maximum force needed to open the hatch
cover should not exceed 150 N.

- The use of a spring equalizing, counterbalance
or other suitable device on the ring side to
reduce the force needed for opening is accept-
able.

2. Strength and Securing of Small Hatches
on the Exposed fore Deck

2.1 General

2.1.1 The strength of, and securing devices for,
small hatches fitted on the exposed fore deck over the
forward 0,25 L are to comply with the following

requirements.

2.1.2 Small hatches in this context are hatches de-
signed for access to spaces below the deck and are
capable to be closed weathertight or watertight, as
applicable. Their opening is normally 2,5 square meters
or less.

213 For securing devices of emergency escape
hatches see 1.9. Additionally the hatches are to be fitted
with central locking devices according to 2.4.1 (method
C). Regulations 2.5.3 and 2.6 need not be complied
with.

2.2 Application

For ships on the exposed deck over the forward 0,25 L,
applicable to all types of sea going ships

- That are contracted for construction on or after
1* January 2004 and

- Where the height of the exposed deck in way of
the hatch is less than 0,1 L or 22 m above the
summer load waterline, whichever is the lesser

2.3 Strength

231 For small rectangular steel hatch covers, the
plate thickness, stiffener arrangement and scantlings
are to be in accordance with Table 15.9 and Figure
15.12.

Table 15.9 Scantlings for small steel hatch covers
on the fore deck

Cover Primary | Secondary
Nominal size| P'2t€ stiffeners| stiffeners
[mm x mm] Flatbar [mm x mm];
thickness number

630x 630 8 — —

630x 830 8 100x8; 1 —

830x 630 8 100x8; 1 —

830x 830 8 100 x10; 1 —
1030 x 1030 8 120x12;1 80x8;2
1330 x 1330 8 150x12;2 | 100x10; 2

For ships with L < 80 m the cover scantlings may be
reduced by the factor

0,11 - v/L >0,75
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Stiffeners, where fitted, are to be aligned with the metal-
to-metal contact points, required in 2.5.1, see Figure
15.12. Primary stiffeners are to be continuous. All
stiffeners are to be welded to the inner edge stiffener,
see Figure 15.13.

2.3.2 The upper edge of the hatchway coamings is
to be suitably reinforced by a horizontal section, nor-
mally not more than 170 mm to 190 mm from the upper
edge of the coamings.

233 For small hatch covers of circular or similar
shape, the cover plate thickness and reinforcement is to
be specially considered.

2.3.4 For small hatch covers constructed of materi-
als other than steel, the required scantlings are to pro-
vide equivalent strength.

2.4 Primary securing devices

241 Small hatches located on exposed fore deck
subject to the application according to 2.2 are to be
fitted with primary securing devices such that their hatch
covers can be secured in place and weathertight by
means of a mechanism employing any one of the
following methods:

- method A: butterfly nuts tightening onto forks
(clamps)

- method B:  quick acting cleats

- method C:  central locking device

2.4.2 Dogs (twist tightening handles) with wedges
are not acceptable.

25 Requirements for primary securing

251 The hatch cover is to be fitted with a gasket
of elastic material. This is to be designed to allow a
metal to metal contact at a designed compression and
to prevent over-compression of the gasket by green sea
forces that may cause the securing devices to be
loosened or dislodged. The metal-to-metal contacts are
to be arranged close to each securing device in accor-
dance with Figure 15.12 and of sufficient capacity to
withstand the bearing force.

Q) For ships contracted for construction prior to 1% July
2007 refer to IACS UR S26, para. 3.

25.2 The primary securing method is to be de-
signed and manufactured such that the designed com-
pression pressure is achieved by one person without
the need of any tools.

253 For a primary securing method using butterfly
nuts, the forks (clamps) are to be of robust design. They
are to be designed to minimize the risk of butterfly nuts
being dislodged while in use; by means of curving the
forks upward, a raised surface on the free end, or a
similar method. The plate thickness of unstiffened steel
forks is not to be less than 16 mm. An example
arrangement is shown in Figure 15.13.

254 For small hatch covers located on the exposed
deck forward of the foremost cargo hatch, the hinges are to
be fitted such that the predominant direction of green sea
will cause the cover to close, which means that the hinges

are normally to be located on the fore edge.

255 On small hatches located between the main
hatches, for example between Nos. 1 and 2, the hinges are
to be placed on the fore edge or outboard edge, whichever
is practicable for protection from green water in beam sea

and bow quartering conditions.

2.6 Secondary securing device

Small hatches on the fore deck are to be fitted with an
independent secondary securing device e.g. by means of a
sliding bolt, a hasp or a backing bar of slack fit, which is
capable of keeping the hatch cover in place, even in the
event that the primary securing device became loosened
or dislodged. It is to be fitted on the side opposite to the

hatch cover hinges.

Fall arresters against accidental closing are to be provided.

E. Engine and Boiler Room Casings
1. Deck Openings
11 The openings above engine rooms and boiler

rooms should not be larger than necessary. In way of
these rooms sufficient transverse strength is to be ensured.
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Nominal size 630x630 Nominal size 630x830 Nominal size 830x630
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R . | | | g
| I . ! | | |
l 1 | T
Nominal size 830x830 Nominal size 1030x1030 Nominal size 1330x1330
—43 Hinge ----  Primary stiffener
. Securing device/metal to metal contact --— Secondary stiffener

Figure 15.12 Arrangement of stiffener

- "
®@ : butterfly nut - ~ -
FaN ' i . o N
@ : bolt . .. : ‘ - ‘
~ L P a7
® : pin ™~ ~._ | |
; {0 T 5 {min. 18 mm) e
@ : center of pin @ _ § | } -
® : fork (clamp) plate N R
® : hatch cover Q T // = /// 7577,
1 . . ’
@ : gasket : l. : N _ =
: hatch coaming _—k | @
— 1
® : bearing pad welded on the bracket @’ ] ; % (1)
of a toggle bolt for metal to metal contact i . B %
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Figure 15.13 Example of a primary securing method
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E Section 15 — Hatchways 15-33

12 Engine and boiler room openings are to be well
rounded at their corners, and if required, to be provided
with strengthenings, unless proper distribution of the
longitudinal stresses is ensured by the side walls of
superstructures or deckhouses. See also Section 7, D.5.

2. Engine and Boiler Room Casings

21 Engine and boiler room openings on weather
decks and inside open superstructures are to be protected
by casings of sufficient height.

22 The height of casings on the weather deck of
ships with full scantling draught is to be not less than 1.8 m
where L does not exceed 75 m, and not less than 2,3 m
where L is 125 m or more. Intermediate values are to be
determined by interpolation.

23 The scantlings of stiffeners, plating and cov-
ering of exposed casings are to comply with the re-
quirements for superstructure end bulkheads and for

deckhouses according to Section 13, C.

24 Inside open superstructures the casings are to
be stiffened and plated according to Section 13, C., as for
an aft end bulkhead.

25 The height of casings on superstructure decks
is to be at least 760 mm. The thickness of their plating may
be 0,5 mm less than derived from 2.3, and the stiffeners
are to have the same thickness and a depth of web of 75

mm, being spaced at 750 mm.

2.6 The plate thickness of engine and boiler room
casings below the freeboard deck or inside closed
superstructures is to be 5 mm, and 6,5 mm in cargo holds;
stiffeners are to have at least 75 mm web depth, and the
same thickness as the plating, when being spaced at 750
mm.

2.7 For ships engaged in sheltered water service
(assigned with the notations K6, L1 and L2), the height
of machinery and boiler room casings is not to be less
than 600 mm, their thickness is not to be less than 3
mm. Coamings are not to be less in height than 350 mm
and they are not to be less in thickness than 4 mm.

2.8 The coaming plates are to be extended to the
lower edge of the deck beams.

3. Doors in Engine and Boiler Room Casings

31 The doors in casings on exposed decks and
within open superstructures are to be of steel, well stiffened
and hinged, and capable of being closed from both sides
and secured weathertight by toggles and rubber sealings.

Note:

For ships with reduced freeboard (B-minus) or tanker freeboard
(A), Regulation 26 (1) of ICLL is to be observed and see 1ACS
Unified Interpretations LL 7.

3.2 The doors are to be at least of the same

strength as the casing walls in which they are fitted.

33 The height of the doorway sills is to be 600 mm
above decks in pos. 1 and 380 mm above decks in pos. 2.
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16-2 Section 16 - Hull Outfitting A

A. Side Scuttles, Windows and Skylights
1. General
1.1 Side scuttles and windows, together with their

glasses, deadlights (1) and storm covers, if fitted, are to
be of an approved design and substantial construction
in accordance with, or equivalent to, recognized
national or international standards. Non-metallic frames

are not acceptable.

1.2 Side scuttles are defined as being round, or
oval, openings with an area not exceeding 0.16 m?2.
Round or oval openings having areas exceeding 0.16
m? shall be treated as windows.

1.3 Windows are defined as being rectangular
openings generally, having a radius at each corner
relative to the window size in accordance with recognized
national or international standards, and round or oval,

openings with an area exceeding 0.16 m?.

1.4 Side scuttles to the following spaces are to be
fitted with hinged inside deadlights:

- Spaces below freeboard deck,

- Spaces within the first tier of enclosed super-

structures, (2)

- First tier deckhouses on the freeboard deck
protecting openings leading below or

considered buoyant in stability calculations.

Deadlights are to be capable of being closed and se-
cured watertight if fitted below the freeboard deck and
weathertight if fitted above.

15 Side scuttles are not to be fitted in such a
position that their sills are below a line drawn parallel to
the freeboard deck at side and having its lowest

point 2,5% of the breadth (B), or 500 mm, whichever

(2) Deadlights are fitted to the inside of windows and
side scuttles, while storm covers are fitted to the
outside of windows, where accessible, and may be
hinged or portable.

(2) For the definition of the enclosed superstructures see
ICLL, Rule 3 (10) (b).

is the greatest distance, above the Summer Load Line
(or Timber Summer Load Line if assigned).

1.6 Side scuttles are to be of the non-opening type
in ships subject to damage stability regulations, if
calculations indicate that they would become immersed
by any intermediate stage of flooding or the final
equilibrium waterplane in any required damage case

1.7 Windows are not to be fitted below freeboard
deck, in the first tier end bulkheads or sides of
enclosedsuperstructures and in first tier deckhouses
considered buoyant in the stability calculations or
protecting openings leading below. (2)

1.8 Side scuttles and windows at the side shell in
the second tier, protecting direct access below or
considered buoyant in the stability calculations, are to
be provided with efficient hinged inside deadlights
capable of being effectively closed and secured
weathertight.

1.9 Side scuttles and windows set inboard from
the side shell in the second tier protecting direct access
below to spaces listed in 1.4 are to be provided with
either efficient hinged inside deadlights or, where
they are accessible, permanently attached external
storm covers of approved design and of substantial
construction and capable of being effectively closed
and secured weathertight.

1.10 Cabin bulkheads and doors in the second tier
separating side scuttles and windows from a direct access
leading below may be accepted in place of deadlights or
storm covers fitted to the side scuttles and windows.

1.11 Deckhouses situated on a raised quarter deck
or on the deck of a superstructure of less than standard
height or on the deck of a deckhouse of less than
standard height, may be regarded as being in the
second tier as far as the requirements for deadlights are
concerned, provided the height of the raised quarter
deck, superstructure or deckhouse is equal to, or
greater than, the standard quarter deck height.

112 Fixed or opening skylights are to have a glass
thickness appropriate to their size and position as required
for side scuttles and windows. Skylight glasses in any
position are to be protected from mechanical damage and,
where fitted in position 1 or 2, are to be provided with
permanently attached deadlights or storm covers
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A,B Section 16 - Hull Outfitting 16-3

2. Construction and Tests of Windows and
Side scuttles

2.1 The design, construction and testing of
windows and side scuttles is to be in accordance with
ISO standard 1751, 3903 and 21005 or any other
recognized, equivalent national or international
standard.

2.2 Variations from respective standards may
require additional proof of sufficient strength by direct
calculation or tests. This is to be observed for bridge
windows in exposed areas (e.g. within forward quarter
of ships length) in each case.

23 Glass panes have to be made of thermally
toughened safety glass (TSG), or laminated safety
glass made of TSG. The ISO standards 614 and 21005
are to be observed.

2.4 The glass thickness for windows and side
scuttles has to be determined in accordance with the
respective ISO standard 21005 or any other equivalent
national or international standard, considering the
design loads which are to be in accordance with Section
5 and Section 13. Furthermore for 2" tier and below the
design load for side scuttles and windows is in addition
to be in accordance with ISO 5779 and 5780.

2.5 Heated glass panes have to be in accordance
with ISO 3434.
2.6 An equivalent thickness (ts) of laminated

toughened safety glass is to be determined from the
following formula:

t, =t 0,7 ot

n = number of laminates

ti = thickness of laminate, in mm

ts = thickness of equivalent single plate, in mm
B. Scuppers, Inlets and Discharges

1. Inlets and Discharges

1.1 Discharges led through the shell either from

spaces below the freeboard deck or from within
superstructures and deckhouses on the freeboard deck

fitted with doors complying with the requirements of
ICLL Reg. 12 are to be fitted with efficient and
accessible means for preventing water from passing
inboard. Normally each separate discharge is to have
one automatic non-return valve with a positive means of
closing it from a position above the freeboard deck.
Where the inboard end of the discharge pipe is located
at least 0.01 L above the summer load line, the
discharge may have two automatic non-return valves
without positive means of closing. Where that vertical
distance exceeds 0.02 L, a single automatic non-return
valve without positive means of closing may be
accepted. The means for operating the positive-action
valve is to be readily accessible and provided with an
indicator showing whether the valve is open or closed.

1.2 One automatic non-return valve and one sluice
valve controlled from above the freeboard deck instead
of one automatic non-return valve with a positive means
of closing from a position above the freeboard deck, is
acceptable.

1.3 Where two automatic non-return valves are
required, the inboard valve is always to be accessible
for examination under service conditions (i.e., the
inboard valve is to be above the level of the tropical
load line). If this is not practicable, the inboard valve
need not be located above the tropical load line,
provided that a locally controlled sluice valve is fitted
between the two automatic non-return valves.

1.4 Where sanitary discharges and scuppers lead
overboard through the shell in way of machinery
spaces, a locally operated positive-closing valve at the
shell, together with a non-return valve inboard, is
acceptable. The controls of the valves are to be in an

easily accessible position.

15 The position of the inboard end of discharges
is to be related to the summer timber load line when the

timber freeboard is assigned.

1.6 The requirements for non-return valves are
applicable only to those discharges which remain open
during the normal operation of a ship. For discharges
which are to be kept closed at sea, a single screw-dow

valve operated from the deck is acceptable.
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1.7 Table 16.1 provides the acceptable
arrangements of scupper, inlets and discharges.

18 In manned machinery spaces, main and auxiliary
sea inlets and discharges in connection with the operation
of machinery may be controlled locally. The controls are to
be readily accessible and be provided with indicators
showing whether the valves are open or closed.

1.9 Discharge pipes originating at any level and
penetrating the shell either more than 450 mm. below the
freeboard deck or less than 650 mm. above the summer
load line are to be provided with a non-return valve at the
shell. This valve, unless required by item 1.1, may be
omitted if the piping is of substantial thickness.

1.10 All shell fittings and the valves required by this
rule are to be of steel, bronze or other approved ductile
material. Valves of ordinary cast iron or similar material
are not acceptable. All pipes to which this rule refers are
to be of steel or other equivalent material to the

satisfaction of TL.

2. Scuppers

2.1 A sufficient number of scuppers is to be fitted

on all decks to provide effective drainage.

2.2 Scuppers led through the shell from enclosed
superstructures used for the carriage of cargo are to be
permitted only where the edge of the freeboard deck is
not immersed when the ship heels 5° either way. In
other cases the drainage is to be led inboard in

accordance with the requirements of SOLAS in force.

2.3 Scuppers leading from superstructures or
deckhouses not fitted with doors complying with the

requirements of ICLL Reg. 12 are to be led overboard.

2.4 Scuppers led through the deck and shell are to
comply with the requirements to material given for

discharges.

25 Scuppers from spaces below the freeboard
deck or spaces within closed superstructures may be

led to bilges.

3. Scupper and Discharge Pipes

3.1 For scuppers and discharge pipes, where
substantial thickness is not required:

3.1.1  For pipes having an external diameter equal to
or less than 155 mm, the thickness is not to be less
than 4.5 mm.

3.1.2 For pipes having an external diameter equal
to or more than 230 mm, the thickness is not to be less
than 6.0 mm. Intermediate sizes are to be determined
by linear interpolation.

3.2 For scuppers and discharge pipes, where
substantial thickness is required:

3.2.1  For pipes having an external diameter equal to
or less than 80 mm, the thickness is not to be less than
7.0 mm.

3.2.2  For pipes having an external diameter of 180
mm, the thickness is not to be less than 10.0 mm.

3.2.3  For pipes having an external diameter equal to
or more than 220 mm, the thickness is not to be less
than 12.5 mm.

For items 3.1 and 3.2, intermediate sizes are to be
determined by linear interpolation.

3.3 Scuppers and discharge pipes originating at any
level and penetrating the shell either more than 450 mm
below the freeboard deck or less than 600 mm above the
summer load line are to be provided with a non-return
valve at the shell. This valve, unless required by item 1.1,
may be omitted if the piping is of substantial thickness
(see items 3.1 and 3.2 above).

C. Freeing Ports
1. Definitions
11 Where bulwarks on weather portions of

freeboard or superstructure decks form wells, ample
provision is to be made for rapidly freeing the decks of
water and for draining them.
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2. Area of Freeing Ports

2.1 Except as provided in 2.2 to 2.4 the minimum
freeing port area on each side of the ship for each well
on the freeboard deck is to be that given by the
following formulae in cases where the sheer in way of
the well is standard or greater than standard:

A=0.7+0,035 ¢ [m?] for £ <20 m.
A=0.07 ¢ [m?] for ¢ > 20 m.
( = Length of bulwark in [m]

¢ need in no case be taken as greater than 0.7 L.

The minimum area for each well on superstructure
decks is to be one half of the area obtained by the
formulae.

If the bulwark is more than 1.2 m in average height the
required area is to be increased by 0.004 m? per meter
of length of well for each 0.1 m. difference in height. If
the bulwark is less than 0.9 m. in average height, the
required area may be decreased by 0.004 m? per meter
of length of well for each 0.1 m difference in height.

2.2 In ships with no sheer, the area calculated
according to 2.1 is to be increased by 50 %. Where the
sheer is less than the standard, the percentage is to be
obtained by linear interpolation.

2.3 Where a ship fitted with a trunk does not
comply with the requirements of Reg. 36 (1) (e) of ICLL
or where continuous or substantially continuous
hatchway side coamings are fitted between detached
superstructures, the minimum area of the freeing port
openings is to be determined from Table 16.2.

Table 16.2 Minimum area of freeing ports

Area of freeing ports
on each side in
relation to the total

Breadth of hatchway
of trunk in relation to

B in [%] area of the bulwark in
[%] (2)
40 or less 20
75 or more 10

(1) The area of freeing ports at intermediate breadths is
to be obtained by linear interpolation.

2.4 In ships having superstructures on the freeboard
deck or superstructure decks, which are open at either
or both ends to wells formed by bulwarks on the open
decks, adequate provisions for freeing the open spaces
within the superstructures are to be provided.

3. Flush Deck Ships

3.1 On a flush deck ship with a substantial
deckhouse amidships is considered to provide sufficient
break to form two wells and each could be given the
required freeing port area based upon the length of the
“well”. 1t would not then be necessary to base the area
upon 0.7 L. In defining a substantial deckhouse the
breadth of the deckhouse should be at least 80% of the
beam of the vessel, and the passageways along the
side of the ship should not exceed 1.5 m. in width.

Where a screen bulkhead is fitted completely across the
vessel, at the forward end of a midship deckhouse, this
would effectively divide the exposed deck into wells and
no limitation on the breadth of the deckhouse is

considered necessary in this case.

Wells on the raised quarterdecks are to be treated as

being on freeboard decks.

3.2 With zero or little sheer on the exposed
freeboard deck or an exposed superstructure deck the

freeing port area should be spread along the length of

the well.
4. Effectiveness of the Freeing Area
4.1 The effectiveness of the freeing port area in

bulwarks required by item 2. depends on free flow
across the deck of a ship. Where there is no free flow
due to the presence of a continuous trunk or hatchway
coaming, the freeing port area in bulwarks is calculated
in accordance with item 2.3.

The free flow area on deck is the net area of the gaps
between hatchways, and between hatchways and
superstructures and deckhouses up to the actual height
of the bulwark.

The freeing port area in bulwarks should be assessed in
relation to the net flow area as follows:
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Table 16.1 Acceptable arrangements of scuppers, inlets and discharges
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C,D Section 16 - Hull Outfitting 16-7

4.1.1  If the free flow area is not less than the freeing
port area calculated from 2.3 as if the hatchway
coamings were continuous, then the minimum freeing
port area calculated from 2.1 and 2.2 should be deemed
sufficient.

412 If the free flow area is equal to, or less than the
area calculated from 2.1 and 2.2, minimum freeing port
area in the bulwarks should be determined from 2.3.

4.1.3 If the free flow area is smaller than calculated
from 2.3 but greater than calculated from 2.1 and 2.2,
the minimum freeing port area in the bulwark should be
determined from the following formula:

F=F,+F, -fp [mz]
where;

F1 is the minimum freeing port area calculated from 2.1
and 2.2

F» is the minimum freeing port area calculated from 2.3.

fe is the total net area of passages and gaps between
hatch ends and superstructures or deckhouses up to
the actual height of the bulwark.

5. Position and Protection of Freeing Ports

5.1 The lower edges of the freeing ports are to be
as near to the deck as practicable. Two thirds of the
freeing port area required is to be provided in the half of
the well nearest to the lowest point of the sheer curve.
One-third of the freeing port are required is to be evenly
spread along the remaining length of the well.

5.2 All such openings in the bulwarks are to be
protected by rails or bars spaced approximately 230
mm. apart. If shutters are fitted to freeing ports, ample
clearance is to be provided to prevent jamming. Hinges
are to have pins or bearings of non-corrodible material.

D. Air Pipes

1. Air Pipes Extending Above the Freeboard
or Superstructure Decks

1.1 Where air pipes to ballast and other tanks
extend above the freeboard or superstructure decks,
the exposed parts of the pipes is to be of substantial
construction; the height from the deck to the point

where water may have access below is to be at least
760 mm. on the freeboard deck and 450 mm. on the
superstructure deck.

1.2 Where these heights may interfere with the
working of the ship, a lower height may be approved,
provided that TL is satisfied that the closing
arrangements and other circumstances justify a lower
height.

2. Air Pipe Closing Arrangements

2.1  Where required by Regulation 20 of ICLL, air
pipe closing devices are to be weathertight. Closing
devices are to be automatic if, while the vessel is at its
draught corresponding to summer load line, the
openings of the air pipes to which these closures are
fitted submerge at angles up to 40° or up to a lesser
angle which may be agreed on the basis of stability
requirements.

Pressure vacuum valves (PV valves) may, however, be
accepted on tankers.

Wooden plugs and trailing canvas are not to be
accepted in position 1 and position 2.

2.2 For ships assigned timber freeboards the air
pipes should be provided with automatic closing

appliances.

3. Minimum Wall Thickness of Air Pipes

The thickness of air pipes in position 1 and 2 leading to
spaces below the freeboard deck or to spaces within
closed superstructures is not to be less than given in
the following:

3.1 For pipes having external diameter equal to or
less than 80 mm, thickness should not be less than 6
mm.

3.2 For pipes having external diameter equal to or
more than 165 mm, thickness should not be less than
8.5 mm.

Intermediate sizes should be determined by linear

interpolation.
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4. Strength Requirements for Fore Deck Air
Pipes

4.1 Application

The air pipes in all ship types of seagoing service of
length 80 m or more located on the exposed deck over
the forward 0.25 L, where the height of the exposed
deck in way of the item is less than 0.1L or 22 m. above
the summer load waterline, whichever is the lesser, are
to comply with the following requirements.

Exempted from these requirements are air pipes of the

cargo tank venting systems and the inert gas systems
of tankers.

4.2 Applied loading

4.2.1  The pressure p [kN/m?] acting on air pipes and
their closing devices may be calculated from:

p=05-p-V?°-Cyq-Cs-Cp
p = Density of sea water [1.025 t/m3]
V = Velocity of water over the fore deck
= 13.5m/sford<0.5d;

} d
= 135 2-[l—d—J m/s for 0.5-d; < d < d;
1

d = distance from summer load waterline to

exposed deck

di = 0.1L or 22 m whichever is lesser
Cyq = Shape coefficient
= 0.5 for pipes

= 0.8 for an air pipe of cylindrical form with its
axis in the vertical direction

= 1.3 for air pipes in general

Cs = Slamming coefficient

= 3.2

Protection coefficient

Cp

= 0.7 for pipes located immediately behind a
breakwater or forecastle

= 1.0 elsewhere and immediately behind a
bulwark

4.2.2 Forces acting in the horizontal direction on
the pipe and its closing device may be calculated
from 4.2.1 using the largest projected area of each
component.

4.3 Strength requirements for air pipes and
their closing devices

4.3.1 Bending moments and stresses in air pipes are
to be calculated at critical positions: at penetration
pieces, at weld or flange connections, at toes of
supporting brackets. Bending stresses in the net section
are not to exceed 0.8 - oy, where oy is the specified
minimum yield stress or 0.2 % proof stress of the steel
at room temperature. Irrespective of corrosion
protection, a corrosion addition to the net section of 2.0
mm. is then to be applied.

4.3.2 For standard air pipes of 760 mm. height closed
by heads of not more than the tabulated projected area,
pipe thicknesses and bracket heights are specified in
Table 16.3. Where brackets are required, three or more
radial brackets are to be fitted. Brackets are to be of
gross thickness 8 mm or more, of minimum length 100
mm, and height according to Table 16.3. but need not
extend over the joint flange for the head. Bracket toes at

the deck are to be suitably supported.

4.3.3 For other configurations, loads, according to
4.2 are to be applied, and means of support determined
in order to comply with the requirements of 4.3.1.
Brackets, where fitted, are to be of suitable thickness
and length according to their height. Pipe thickness is
not to be taken less than as required in 3.

4.3.4  All component part and connections of the air
pipe are to be capable of withstanding the loads defined
in 42.1
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E. Ventilators
1. General
1.1 Ventilators in position 1 or 2 to spaces below

freeboard deck or decks of enclosed superstructures are
to have coamings of steel or other equivalent material,
substantially constructed and efficiently connected to the
deck. Ventilators in position 1 shall are to have coamings
of a height of at least 900 mm above the deck; in position
2 are to be of a height at least 760 mm. above the deck.
Where the coaming of any ventilator exceeds 900 mm in
height it is to be specially supported.

1.2 Ventilators passing through superstructures
other than enclosed superstructures are to have
substantially constructed coamings of steel or other
equivalent material at the freeboard deck.

1.3 In exposed locations, the height of coamings
may be increased to the satisfaction of TL.

2. Ventilator Closing Arrangements

2.1 Ventilator in position 1 the coamings of which
extend to more than 4.5 m above the deck, and in

position 2 the coamings of which extend to more than
2.3 m above the deck, need not be fitted with closing

arrangements unless specifically required by TL.

2.2 Except as provided in 2.1, ventilator openings
are to be provided with weathertight closing appliances

2.3 Where required, weathertight closing appliances
for all ventilators in position 1 and 2 are to be of steel or
other equivalent materials.

Wood plugs and canvas covers are not acceptable in

these positions.

2.4 The ventilation of machinery spaces shall be
according to the principles laid down in SOLAS
Regulation 11-1/35 and supplied through suitably
protected openings arranged in such a way that they can
be used in all weather conditions, taking into account
Reg.17(3) and Reg.19 of the 1966 Load Line Convention
as amended by the Protocol of 1988.

The machinery spaces are those defined in SOLAS

Regulation 11-1/3.16.

3. Minimum Wall Thickness of Ventilator

Coamings

The thickness of ventilator coamings in position 1 and 2
leading to spaces below the freeboard deck or to spaces
within closed superstructures is not to be less than given
in the following:

3.1 For coamings having external diameter equal to
or less than 80 mm, thickness should not be less than 6
mm.

3.2 For coamings having external diameter equal to
or more than 165 mm, thickness should not be less than
8.5 mm.

Intermediate sizes should be determined by linear
interpolation.

4. Machinery Space and Emergency Generator
Room Ventilator Coaming Heights

4.1 In general, ventilators necessary to continuously
supply the machinery space and, on demand,
immediately supply the emergency generator room
should have coamings which comply with Regulation 19
(3) of ICLL 66, without having to fit weathertight closing
appliances.

42  However, where due to vessel size and
arrangement this is not practicable, lesser heights for
machinery space and emergency generator room
ventilator coamings may be accepted with provisions of
weathertight closing appliances in accordance with
regulation 19 (4) of ICLL 66 in combination with other
suitable arrangements to ensure an uninterrupted,

adequately supply of ventilation to these spaces.

5. Strength Requirements for Fore Deck
Ventilators

51 Application

The ventilators in all ship types of seagoing service of
length 80 m or more located on the exposed deck over
the forward 0.25 L, where the height of the exposed deck

in way of the item is less than 0.1 L or 22 m. above the
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summer load waterline, whichever is the lesser, are to
comply with the following requirements.

5.2 Applied loading

5.2.1 The pressure p [kN/mz] acting on ventilator pipes
and their closing devices may be calculated from:

pP=05-p-V*-Cq4-Cs-Cp
p = Density of sea water [1.025 t/m°]
V = Velocity of water over the fore deck
= 13.5m/sford<0.5d;

} d
= 135 2[1—d—J m/s for 0.5-d; < d < d;
1

d = distance from summer load waterline to
exposed deck

d: = 0.1L or 22 m whichever is lesser
Cq = Shape coefficient
= 0.5 forpipes
= 08 for an ventilator head of cylindrical

form with its axis in the vertical

direction
= 13 for ventilator heads in general
Cs = Slamming coefficient

= 3.2

%
1

Protection coefficient

=07 for ventilator heads located immediately
behind a breakwater or forecastle

=1.0 elsewhere and immediately behind a
bulwark

5.2.2  Forces acting in the horizontal direction on the
ventilator pipe and its closing device may be calculated
from 5.2.1 using the largest projected area of each
component.

5.3 Strength requirements for ventilator pipes
and their closing devices

5.3.1 Bending moments and stresses in ventilator
pipes are to be calculated at critical positions: at
penetration pieces, at weld or flange connections, at
toes of supporting brackets. Bending stresses in the net
section are not to exceed 0.8 - oy, where oy is the
specified minimum yield stress or 0.2 % proof stress of
the steel at room temperature. Irrespective of corrosion
protection, a corrosion addition to the net section of 2.0
mm. is then to be applied.

5.3.2  For standard ventilators of 900 mm. height
closed by heads of not more than the tabulated
projected area, pipe thicknesses and bracket heights
are specified in Table 16.4. Brackets, where required
are to be as indicated in 4.3.2.

5.3.3  For ventilator of height greater than 900 mm,
brackets or alternative means of support are to be fitted.
Pipe thickness is not to be taken less than as indicated
in 3.

5.3.4  All component part and connections of the
ventilator are to be capable of withstanding the loads
defined in 5.2.1.

5.35 Rotating type mushroom ventilator heads are
unsuitable for application in the areas defined in 5.1.

F. Protection of the Crew
1. Passageways, Walkways and Gangways
11 Satisfactory means for safe passage (in the

form of guard rails, life lines, gangways or under deck
passages, etc.) are to be provided for the protection of
crew in getting to and from their quarters, the machinery
space and any other spaces used in the essential
operation of the ship.

1.2 The protection of crew should be provided at
least by one of the means denoted in the Table 16.5.

1.3 Acceptable arrangements referred to in Table
16.5 are defined as follows:
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Table 16.3 760 mm. Air pipe thickness and bracket standards

Nominal pipe diameter Minimum fitted (1) gross Maximum projected area Height (2) of brackets
[mm] thickness [mm] of head [sz] [mm]
65A 6.0 - 480
80A 6.3 - 460
100A 7.0 - 380
125A 7.8 - 300
150A 8.5 - 300
175A 8.5 - 300
200A 8.5 (3) 1900 300 (3)
250A 8.5 (3) 2500 300 (3)
300A 8.5 (3) 3200 300 (3)
350A 8.5 (3) 3800 300 (3)
400 A 8.5 (3) 4500 300 (3)

(2) See IACS Unified Interpretation LL 36(c).

2) Brackets see 4.3.2 need not extend over the joint flange for the head.
3 Brackets are required where the as fitted (gross) thickness is less than 10.5 mm, or where the tabulated projected head area is

exceeded.

Note:

For other air pipe heights, the relevant requirements of 4.3 are to be applied.

1.3.1 A well lighted and ventilated under-deck
passageway clear opening 0.8 m wide, 2.0 m high as
close as practicable to the freeboard deck, connecting
and providing access to the locations in question.

1.3.2 A permanent and efficiently constructed
gangway fitted at or above the level of the
superstructure deck on or as near as practicable to the
centre line of the ship, providing a continuous platform
at least 0.6 m in width and a non-slip surface, with
guard rails extending on each side throughout its length.
Guard rails are to be at least 1 m high with courses as
required in 2.2, and supported by stanchions spaced
not more than 1.5 m; a foot-stop is to be provided.

1.3.3 A permanent walkway at least 0.6 m in width
fitted at freeboard deck level consisting of two rows of
guard rails with stanchions spaced not more than 3 m.
The number of courses of rails and their spacing are to
be as required by 2.2. On type B ships, hatchway
coamings not less than 0.6 m in height may be
regarded as forming one side of the walkway, provided
that between the hatches two rows of guard rails are
fitted.

1.3.4 A 10 mm diameter wire rope lifeline supported
by stanchions about 10 m. apart, or

A single hand rail or wire rope attached to hatch
coamings, continued and adequately supported
between hatchways.

1.35 A permanent and efficiently constructed
gangway fitted at or above the level of the
superstructure deck on or as near as practicable to the
centre line of the ship:

- Located so as not to hinder easy access
across the working areas of the deck;

- Providing a continuous platform at least 1.0 m
in width;

- Constructed of fire resistant and non-slip
material;

- Fitted with guard rails extending on each side
throughout its length; guard rails should be at
least 1.0 m high with courses as required by
2.2 and supported by stanchions spaced not
more than 1.5 m;

Provided with a foot stop on each side;
Having openings, with ladders where appropriate, to

and from the deck. Openings should not be more than
40 m. apart;
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Table 16.4 900 mm. ventilator pipe thickness and bracket standards

Nominal pipe diameter Minimum fitted gross Maximum projected area .

[pmpm] thickness [m?n] of heF;d J[cmz] Height of brackets [mm]
80 A 6.3 - 460
100 A 7.0 - 380
150 A 8.5 - 300
200 A 8.5 550 -
250 A 8.5 880 -
300 A 8.5 1200 -
350 A 8.5 2000 -
400 A 8.5 2700 -
450 A 8.5 3300 -
500 A 8.5 4000 -

Note: For other ventilator heights, the relevant requirements of 5.3 are to be applied.

Having shelters of substantial construction set in way of (e) Fitted on each side of the hatchways as near

the gangway at intervals not exceeding 45 m if the
length of the exposed deck to be traversed exceeds 70
m. Every such shelter should be capable of
accommodating at least one person and be so
constructed as to afford weather protection on the
forward, port and starboard sides.

1.3.6 A permanent and efficiently constructed
walkway fitted at freeboard deck level on or as near as
practicable to the centre line of the ship having the
same specifications as those for a permanent gangway
listed in 1.3.5 except for foot-stops.

On type B ships (certified for the carriage of liquids in
bulk), with a combined height of hatch coaming and
fitted hatch cover of together not less than 1 m in height
the hatchway coamings may be regarded as forming
one side of the walkway, provided that between the
hatchways two rows of guard rails are fitted.

Alternative transverse locations for 1.3.3, 1.3.4 and

1.3.6 above, where appropriate:

(@) At or near centre line of ship; or fitted on
hatchways at or near centre line of ship;

(b) Fitted on each side of the ship;

(c) Fitted on each side of the ship, provisions
being made for fitting on either side;

(d) Fitted on one side only;

to the centre line as practicable.

Notes:

1. In all cases where wire ropes are fitted, adequate
devices are to be provided to ensure their
tautness.

2. Wire ropes may only be accepted in lieu of guard
rails in special circumstances and then only in
limited lengths.

3. Lengths of chain may only be accepted in lieu of
guard rails if fitted between two fixed stanchions.

4. Where stanchions are fitted, every 3™ stanchion is
to be supported by a bracket or stay.

5. Removable or hinged stanchions are to be capable
of being locked in the upright position.

6. A means of passage over obstructions, if any, such
as pipes or other fittings of a permanent nature,
should be provided.

7. Generally, the width of gangway or deck-level
walkway should not exceed 1.5 m.

2. Guard Rails

2.1 Efficient guard rails or bulwarks are to be fitted

to all exposed parts of the freeboard and superstructure
deck. The height of the bulwarks or guard rails is to be
at least 1 m from the deck, provided that where this
height would interfere with the normal operation of the
ship, a lesser height may be approved if TL is satisfied
that adequate protection is provided.

Note: A guard rail should also be required for first tier
deckhouses and for superstructures' ends.
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2.2 The opening below the lowest course of the
guard rails is not to exceed 230 mm. The other courses
are to be not more than 380 mm. In case of ships with
rounded gunwales the guard rail supports are to be
placed on the flat of the deck. In other locations, guard
rails with at least two courses are to be fitted. Guard

rails are to comply with the following provisions:

2.2.1 Fixed, removable or hinged stanchions are
to be fitted about 1.5 m apart.

222 At least every third stanchion is to be
supported by a bracket or stay.

2.2.3  Wire ropes may only be accepted in lieu of
guard rails in special circumstances and then only in
limited lengths.

2.2.4  Lengths of chain may only be accepted in lieu
of guard rails if they are fitted between two fixed
stanchions and/or bulwarks.

225 Wires are to be made taut by means of
turnbuckles.

2.2.6  Removable or hinged stanchions are to be

capable of being locked in the upright position.

3. Pilot Transfer Arrangements

3.1 General

Ship designers are encouraged to consider all aspects
of pilot transfer arrangements at an early stage in
design. Equipment designers and manufacturers are
similarly encouraged, particularly with respect to the
provisions of 3.2.1.2, 3.3.1 and 3.4.3.

3.2 Pilot ladders

A pilot ladder should be certified by the manufacturer as
complying with this section or with the requirements of an
international standard acceptable to the Organization (3).

3.2.1 Position and construction

3.2.1.1 The securing strong points, shackles and
securing ropes should be at least as strong as the side

ropes specified in 3.2.2.

3.2.1.2 The steps of the pilot ladders should comply
with the following requirements:

- If made of hardwood, they should be made in one
piece, free of knots;

- If made of material other than hardwood, they
should be of equivalent strength, stiffness and
durability to the satisfaction of TL;

- The four lowest steps may be of rubber of
sufficient strength and stiffness or other material to
the satisfaction of TL;

- They should have an efficient non-slip surface;

- They should be not less than 400 mm between the
side ropes, 115 mm wide and 25 mm in depth,
excluding any non-slip device or grooving;

- They should be equally spaced not less than 310
mm or more than 350 mm apart; and

- They should be secured in such a manner that
each will remain horizontal.

3.2.1.3 No pilot ladder should have more than two
replacement steps which are secured in position by a
method different from that used in the original
construction of the ladder, and any steps so secured
should be replaced as soon as reasonably practicable
by steps secured in position by the method used in the

original construction of the pilot ladder.

When any replacement step is secured to the side
ropes of the pilot ladder by means of grooves in the
sides of the step, such grooves should be in the longer
sides of the step.

3.2.1.4 Pilot ladders with more than five steps should
have spreader steps not less than 1.8 m long provided at
such intervals as will prevent the pilot ladder from twisting.

3) Refer to the recommendations by the International
Organization for Standardization, in particular publication
1SO 799, Ships and marine technology — Pilot ladders
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The lowest spreader step should be the fifth step from the
bottom of the ladder and the interval between any
spreader step and the next should not exceed nine steps.

3.2.1.5 When a retrieval line is considered necessary
to ensure the safe rigging of a pilot ladder, the line
should be fastened at or above the last spreader step
and should lead forward. The retrieval line should not
hinder the pilot nor obstruct the safe approach of the
pilot boat.

3.2.1.6 A permanent marking should be provided at
regular intervals (e.g. 1 m) throughout the length of the
ladder consistent with ladder design, use and
maintenance in order to facilitate the rigging of the
ladder to the required height.

3.2.2 Ropes

3.2.2.1 The side ropes of the pilot ladder should
consist of two uncovered ropes not less than 18 mm in
diameter on each side and should be continuous, with
no joints and have a breaking strength of at least 24 KN
per side rope. The two side ropes should each consist
of one continuous length of rope, the midpoint half-
length being located on a thimble large enough to

accommodate at least two passes of side rope.

3.2.2.2 Side ropes should be made of manila or other
material of equivalent strength, durability, elongation
characteristics and grip which has been protected
against actinic degradation and is satisfactory to TL.

3.2.2.3 Each pair of side ropes should be secured
together both above and below each step with a
mechanical clamping device properly designed for this
purpose, or seizing method with step fixtures (chocks or
widgets), which holds each step level when the ladder is

hanging freely. The preferred method is seizing. (4)

4 Refer to the recommendations by the International
Organization for Standardization, in particular publication
ISO 799, Ships and marine technology — Pilot ladders, part
4.3a and part 3

(5) See IACS Ul SC257.

3.3 Transfer arrangements

3.3.1 Arrangements shall be provided to enable the
pilot to embark and disembark safely on either side of
the ship.

3.3.2 In all ships, where the distance from sea level
to the point of access to, or egress from, the ship
exceeds 9 m, and when it is intended to embark and
disembark pilots by means of the accommodation
ladder, or other equally safe and convenient means in
conjunction with a pilot ladder, the ship shall carry such
equipment on each side, unless the equipment is
capable of being transferred for use on either side.

3.3.3  Safe and convenient access to, and egress
from, the ship shall be provided by either: (5)

3.3.3.1 A pilot ladder requiring a climb of not less than
1.5 m and not more than 9 m above the surface of the
water so positioned and secured that:

Itis clear of any possible discharges from the ship;

- It is within the parallel body length of the ship
and, as far as is practicable, within the mid-
ship half length of the ship;

- Each step rests firmly against the ship’s side;
where constructional features, such as rubbing
bands, would prevent the implementation of
this provision, special arrangements shall, to
the satisfaction of TL, be made to ensure that
persons are able to embark and disembark

safely;

- The single length of pilot ladder is capable of
reaching the water from the point of access to,
or egress from, the ship and due allowance is
made for all conditions of loading and trim of the
ship, and for an adverse list of 15°; the securing
strong point, shackles and securing ropes shall

be at least as strong as the side ropes; or

3.3.3.2 An accommodation ladder in conjunction
with the pilot ladder (i.e. a combination arrangement),
or other equally safe and convenient means, whenever
the distance from the surface of the water to t he point
of access to the ship is more than 9 m. The
accommodation ladder shall be sited leading aft.
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When in use, means shall be provided to secure the
lower platform of the accommodation ladder to the
ship’s side, so as to ensure that the lower end of the
accommodation ladder and the lower platform are held
firmly against the ship’s side within the parallel body
length of the ship and, as far as is practicable, within the
mid-ship half length and clear of all discharges.

When a combination arrangement is used for pilot
access, means shall be provided to secure the pilot
ladder and manropes to the ship’s side at a point of
nominally 1.5 m above the bottom platform of the
accommodation ladder. In the case of a combination
arrangement using an accommodation ladder with a
trapdoor in the bottom platform (i.e. embarkation
platform), the pilot ladder and man ropes shall be rigged
through the trapdoor extending above the platform to
the height of the handrail.

3.4 Accommodation ladders used in
conjunction with pilot ladders

3.4.1  Arrangements which may be more suitable for
special types of ships may be accepted, provided that
they are equally safe.

3.42 The length of the accommodation ladder
should be sufficient to ensure that its angle of slope
does not exceed 45°. In ships with large draft ranges,
several pilot ladder hanging positions may be provided,
resulting in lesser angles of slope. The accommodation
ladder should be at least 600 mm in width.

3.4.3 The lower platform of the accommodation
ladder should be in a horizontal position and secured to
the ship's side when in use. The lower platform should
be a minimum of 5 m above sea level.

3.4.4 Intermediate platforms, if fitted, should be self-
levelling. Treads and steps of the accommodation
ladder should be so designed that an adequate and
safe foothold is given at the operative angles.

3.4.5 The ladder and platform should be equipped
on both sides with stanchions and rigid handrails, but if
handropes are used they should be tight and properly
secured. The vertical space between the handrail or
handrope and the stringers of the ladder should be

securely fenced.

3.4.6  The pilot ladder should be rigged immediately
adjacent to the lower platform of the accommodation
ladder and the upper end should extend at least 2 m
above the lower platform. The horizontal distance
between the pilot ladder and the lower platform should
be between 0.1 and 0.2 m.

3.4.7 If a trapdoor is fitted in the lower platform to
allow access from and to the pilot ladder, the aperture
should not be less than 750 mm x 750 mm. The trapdoor
should open upwards and be secured either flat on the
embarkation platform or against the rails at the aft end or
outboard side of the platform and should not form part of
the handholds. In this case the after part of the lower
platform should also be fenced as specified in 3.4.5 and
the pilot ladder should extend above the lower platform to
the height of the handrail and remain in alignment with
and against the ship's side.

3.4.8 Accommodation ladders, together with any
suspension arrangements or attachments fitted and
intended for use in accordance with this
recommendation, should be to the satisfaction of TL. (6)

35 Access to deck

Means should be provided to ensure safe, convenient
and unobstructed passage for any person embarking
on, or disembarking from, the ship between the head of
the pilot ladder, or of any accommodation ladder, and
the ship's deck; such access should be gained directly
by a platform securely guarded by handrails. Where

such passage is by means of:

- A gateway in the rails or bulwark, adequate
handholds should be provided at the point of
embarking on or disembarking from the ship on
each side which should be not less than 0.7 m or
more than 0.8 m apart. Each handhold should be
rigidly secured to the ship's structure at or near
its base and also at a higher point, not less than
32 mm in diameter and extend not less than 1.2
m above the top of the bulwarks. Stanchions or
handrails should not be attached to the bulwark

ladder;

(6) Refer to SOLAS regulation 11-1/3-9 concerning
accommodation ladders.
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- A bulwark ladder should be securely attached to
the ship to prevent overturning. Two handhold
stanchions should be fitted at the point of
embarking on or disembarking from the ship on
each side which should be not less than 0.7 m or
more than 0.8 m apart. Each stanchion should
be rigidly secured to the ship's structure at or
near its base and also at a higher point, should
be not less than 32 mm in diameter and should
extend not less than 1.2 m above the top of the
bulwarks. Stanchions or handrails should not be
attached to the bulwark ladder.

3.6 Safe approach of the pilot boat

Where rubbing bands or other constructional features
might prevent the safe approach of a pilot boat, these
should be cut back to provide at least 6 m of
unobstructed ship's side. Specialized offshore ships
less than 90 m or other similar ships less than 90 m for
which a 6 m gap in the rubbing bands would not be
practicable, as determined by TL, do not have to comply
with this requirement. In this case, other appropriate
measures should be taken to ensure that persons are
able to embark and disembark safely.

3.7 Installation of pilot ladder winch reels

3.7.1 Point of access

3.7.1.1 When a pilot ladder winch reel is provided it
should be situated at a position which will ensure
persons embarking on, or disembarking from, the ship
between the pilot ladder and the point of access to the
ship, have safe, convenient and unobstructed access to
or egress from the ship.

3.7.1.2 The point of access to or egress from the ship
may be by a ship's side opening, an accommodation
ladder when a combination arrangement is provided, or

a single section of pilot ladder.

3.7.1.3 The access position and adjacent area should
be clear of obstructions, including the pilot ladder winch

reel, for distances as follows:

- A distance of 915 mm in width measured
longitudinally;

- A distance of 915 mm in depth, measured from
the ship's side plating inwards; and

- A distance of 2200 mm in height, measured
vertically from the access deck.

3.7.2 Physical positioning of pilot ladder winch
reels

3.7.2.1 Pilot ladder winch reels are generally fitted on
the ship's upper (main) deck or at a ship's side opening
which may include side doors, gangway locations or
bunkering points. Winch reels fitted on the upper deck
may result in very long pilot ladders.

3.7.2.2 Pilot ladder winch reels which are fitted on a
ship's upper deck for the purpose of providing a pilot
ladder which services a ship side opening below the
upper deck or, alternatively, an accommodation ladder
when a combination arrangement is provided should:

3.7.2.2.1 Be situated at a location on the upper deck
from which the pilot ladder is able to be suspended
vertically, in a straight line, to a point adjacent to the
ship side opening access point or the lower platform of
the accommodation ladder;

3.7.2.2.2 Be situated at a location which provides a
safe, convenient and unobstructed passage for any
person embarking on, or disembarking from, the ship
between the pilot ladder and the place of access on the
ship;

3.7.2.2.3 Be situated so that safe and convenient
access is provided between the pilot ladder and the
ship's side opening by means of a platform which
should extend outboard from the ship's side for a
minimum distance of 750 mm, with a longitudinal length
of a minimum of 750 mm. The platform should be
securely guarded by handrails;

3.7.2.2.4 Safely secure the pilot ladder and manropes to
the ship's side at a point on the ships side at a distance of
1500 mm above the platform access point to the ship side
opening or the lower platform of the accommodation
ladder; and

3.7.2.25 If a combination arrangement is provided,
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have the accommodation ladder secured to the ship's
side at or close to the lower platform so as to ensure
that the accommodation ladder rests firmly against the

ship's side.

3.7.2.3 Pilot ladder winch reels fitted inside a ship's
side opening should:

- Be situated at a position which provides a safe,
convenient and unobstructed passage for any
person embarking on, or disembarking from,
the ship between the pilot ladder and the place
of access on the ship;

- Be situated at a position which provides an
unobstructed clear area with a minimum

- length of 915 mm and minimum width of 915
mm and minimum vertical height of 2200

mm; and

- If situated at a position which necessitates a
section of the pilot ladder to be partially
secured in a horizontal position on the deck so
as to provide a clear access as described
above, then allowance should be made so that
this section of the pilot ladder may be covered
with a rigid platform for a minimum distance of
915 mm measured horizontally from the ship's

side inwards.

3.7.3 Handrails and handgrips

Handrails and handgrips should be provided in
accordance with section 5 to assist the pilot to safely
transfer between the pilot ladder and the ship, except
as noted in 3.7.2.2.3 for arrangements with platforms
extending outboard. The horizontal distance between
the handrails and/or the handgrips should be not less
than 0.7 m or more than 0.8 m apart.

3.7.4  Securing of the pilot ladder
Where the pilot ladder is stowed on a pilot ladder winch
reel which is located either within the ship's side

opening or on the upper deck:

- The pilot ladder winch reel should not be relied

upon to support the pilot ladder when the pilot
ladder is in use;

- The pilot ladder should be secured to a strong
point, independent of the pilot ladder winch reel;
and

- The pilot ladder should be secured at deck
level inside the ship side opening or, when
located on the ship's upper deck, at a distance
of not less than 915 mm measured horizontally
from the ship's side inwards.

3.7.5 Mechanical securing of pilot ladder winch
reel

3.7.5.1 All pilot ladder winch reels should have
means of preventing the winch reel from being
accidentally operated as a result of mechanical

failure or human error.

3.7.5.2 Pilot ladder winch reels may be manually
operated or, alternatively, powered by either electrical,
hydraulic or pneumatic means.

3.7.5.3 Manually operated pilot ladder winch reels
should be provided with a brake or other suitable
arrangements to control the lowering of the pilot ladder
and to lock the winch reel in position once the pilot

ladder is lowered into position.

3.7.5.4 Electrical, hydraulic or pneumatically driven
pilot ladder winch reels should be fitted with safety
devices which are capable of cutting off the power
supply to the winch reel and thus locking the winch reel

in position.
3.7.5.5 Powered winch reels should have clearly
marked control levers or handles which may be locked

in a neutral position.

3.7.5.6 A mechanical device or locking pin should also
be utilized to lock powered winch reels.

3.8 Mechanical pilot hoists

Mechanical pilot hoists shall not be used.
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Table 16.5 Protection of the crew
) Acceptable arrangements according
Type of ] ) ] Assigned to type of freeboard assigned:
ship Locations of access in ship summer Type Type Type
freeboard Type A B-100 B-60 B&B+
1.1 Access to Midship Quarters <3000 mm. | 1.3.1 131 131 131
1.3.2 1.3.2 1.3.2 132
1.1.1. Between poop and bridge, or 135 135 1.3.3(a) | 1.3.3(a)
135 1.3.3(b)
1.1.2. Between poop and deckhouse 1.3.6(a) | 1.3.3(d)
containing living accommodation or 1.3.4(a)
navigating equipment, or both. >3000mm. | 1.3.1 131 131 1.3.4(b)
1.3.2 1.3.2 1.3.2 1.3.4(c)
1.3.5 1.3.5 1.3.3(@) | 1.35
1.3.3(b) | 1.3.6(a)
All  ships 135 1.3.6(b)
other than 1.3.6(a) | 1.3.6(d)
oIl 1.3.6(b)
Tankers(*),
Chemical 1.2 Access to Ends <3000 mm. | 1.3.1 1.3.1 1.3.1
Tankers (*) 1.3.2 1.3.2 13.2
and Gas | 1.2.1. Between poop and bow (if there is no 1.3.3(a) | 1.3.3(a) | 1.3.3(a)
Carriers (*) bridge) 1.35 1.3.3(b) | 1.3.3(b)
1.3.6(a) | 1.35 1.35
1.2.2. Between bridge and bow, or 1.3.6(a) | 1.3.6(a)
1.3.6(b) | 1.3.6(b)
1.2.3. Between a deckhouse
containing living accommodation or >3000 mm. | 1.3.1 1.3.1 1.3.1
navigating equipment, or both, and 1.3.2 1.3.2 1.3.2
bow, or 1.3.3(a) | 1.3.3(a) | 1.3.3(a)
1.3.4(a) | 1.3.3(b) | 1.3.3(b)
1.2.4. In the case of a flush deck vessel, 1.3.5 1.3.4(a) | 1.3.3(d)
between crew accommodation and the 1.3.6(a) | 1.3.4(b) | 1.3.4(a)
forward and after ends of ship 1.35 1.3.4(b)
1.3.6(a) | 1.3.4(c)
1.3.6(b) | 1.3.5
1.3.6(a)
1.3.6(b)
1.3.6(d)
2.1 Access to bow < (Ar + Hy) 131
2.1.1. Between poop and bow, or (**) 1.35
2.1.2. Between a deckhouse containing living 1.3.6(a)
accommodation or navigating equipment, 1.3.6(e)
or both and bow, or
oil 2.1.3. In the case of a flush deck ship, between | > (Ar + Hs) 131
Tankers(*), crew accommodation and the forward | (**) 135
Chemical end of ship 1.3.6(a)
Tankers (*) 1.3.6(b)
and Gas | 2.2 Access to After End

Carriers (*)

In the case of a flush deck ship,
between crew accommodation and the
after end of ship

As required in 1.2.4 for other types of ships

*) Oil Tankers, Chemical Tankers and Gas Carriers as defined in SOLAS regulations 11-1/2.12, VI1/8.2 and V11/11.2, respectively.

)

As = The minimum summer freeboard calculated as type “A” ship regardless of the type freeboard actually assigned.

H, = The standard height of superstructure as defined in ICLL Regulation 33.

Note:

certain gas carriers) may be allowed subject to agreement on a case-by-case basis with the relevant flag Administration.

Deviations from some or all of these requirements or alternative arrangements for such cases as ships with very high gangways (i.e.
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G. Means of Access to the Cargo Areas of Oil
Tankers and Bulk Carriers (7)

1. Means of Access to Cargo and Other
Spaces
1.1 Each space within the cargo area are to be

provided with a permanent means of access to enable,
throughout the life of a ship, overall and close-up
inspection and thickness measurements of the ship’s
structure.

1.2 Where 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 TL may allow, in lieu
thereof, the provision of movable or portable means of
access, 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 is to be capable of being readily
erected or deployed by ship’s personnel.

1.3 The construction and materials of all means of
access and their attachment to the ship’s structure is to
be to the satisfaction of TL.

2. Safe Access to Cargo Holds, Cargo Tanks,
Ballast Tanks and Other Spaces

2.1 Safe access to cargo holds, cofferdams, ballast
tanks, cargo tanks and other spaces in the cargo area
is to be direct from the open deck and such as to
ensure their complete inspection. Safe access double
bottom spaces 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.

2.2 Tanks, and subdivisions of tanks, having a
length of 35 m. or more, is to be fitted with at least two
access hatchways and ladders, as far apart as
practicable. Tanks less than 35 m. in length is to be
served by at least one access hatchway and ladder.
When a tank is subdivided by one or more swash

(7) Refer to Ul SC190 and Ul SC191.

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 are to be fitted.

2.3 Each cargo hold is to be provided with at least
two means of access as far apart as practicable. In
general, these accesses should be arranged diagonally,
for example one access near the forward bulkhead on
the port side, the other one near the aft bulkhead on the
starboard side.

3. Definitions

3.1 Rung

Rung means the step of a vertical ladder or step on the
vertical surface.

3.2 Tread

Tread means the step of an inclined ladder or step for

the vertical access opening.

3.3 Flight of an inclined ladder

Flight of an inclined ladder means the actual stringer
length of an inclined ladder. For vertical ladders, it is the

distance between the platforms.

3.4  Stringer

Stringer means:

- The frame of a ladder; or

- 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
forming double side spaces, 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 bulkhead. Openings in
stringer plating utilized as permanent means of
access are to be arranged with guard rails or grid
covers to provide safe passage on the stringer or
safe access to each transverse web.
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35 Vertical ladder

Vertical ladder means a ladder of which the inclined
angle is 70" and over up to 90". A vertical ladder is not
to be skewed by more than 2",

3.6 Overhead obstructions

Overhead obstructions mean the deck or stringer
structure including stiffeners above the means of

access.
3.7 Distance below deck head

Distance below deck head means the distance below
the plating.

3.8 Cross deck

Cross deck means the transverse area of the main deck
which is located inboard and between hatch coamings.

4, Technical Provisions

4.1 Structural members subject to the close-up
inspections and thickness measurements of the ship's
structure, except those in double bottom spaces, shall
be provided with a permanent means of access to the
extent as specified in Table 16.6 and Table 16.7, 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.

4.2 Permanent means of access should as far as
possible be integral to the structure of the ships, thus
ensuring that they are robust and at the same time
contributing to the overall strength of the structure of the
ship.

4.3 Elevated passageways forming sections of a
permanent means of access, where fitted, is to 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 is to be of a non-skid

construction. Guard rails are to be 1,000 mm. in height

and consist of a rail and an intermediate bar 500 mm. in
height and of substantial construction. Stanchions are to
be not more than 3 m. apart.

4.4 Access to permanent means of access and
vertical openings from the ship's bottom is to be
provided by means of easily accessible passageways,
ladders or treads. Treads are to 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 is to be at least 150
mm. Where vertical manholes are fitted higher than 600
mm. above the walking level, access is to be facilitated
by means of treads and hand grips with platform
landings on both sides.

4.5 Permanent inclined ladders are to be inclined
at an angle of less than 70°. There are to 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 are to be provided, normally at a
maximum of 6 m. vertical height. Ladders and handrails
are to be constructed of steel or equivalent material of
adequate strength and stiffness and securely attached

4.6 to the structure by stays. The method of
support and length of stay is to be such that vibration is
reduced to a practical minimum. In cargo holds, ladders
are to be designed and arranged so that cargo handling
difficulties are not increased and the risk of damage

from cargo handling gear is minimized.

4.6 The width of inclined ladders between stringers
is to not be less than 400 mm. The treads are to be
equally spaced at a distance apart, measured vertically,
of between 200 mm. and 300 mm. When steel is used,
the treads are to 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 are to be carried through the side stringers and
attached thereto by double continuous welding. All
inclined ladders are to be provided with handrails of
substantial construction on both sides, fitted at a
convenient distance above the treads.

4.7 For vertical ladders or spiral ladders, the width
and construction should be in accordance with
international or national standards accepted by TL.
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4.8 No free-standing portable ladder is to be more
than 5 m long.

4.9 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

- Root arm or remotely operated vehicle (ROV)

- Portable ladders more than 5 m. long are only to
be utilized if fitted with a mechanical device to
secure the upper end of the ladder

- Other means of access, approved by and
acceptable to TL

Means for safe operation and rigging of such equipment
to and from and within the spaces are to be clearly
described in the Ship Structure Access Manual.

Note: For guidelines for approval / acceptance of alternative

means of access, IACS Recommendation 91 shall be applied.

4.10 For access through horizontal openings,
hatches or manholes, the minimum clear opening is not
to 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 to be placed as close as possible to the
hatch coaming. Access hatch coamings having a height
greater than 900 mm. s also to have steps on the
outside in conjunction with the ladder.

411 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 - is to be
not less than 600 mm.x800 mm. at a height of not more
than 600 mm. from the passage unless gratings or other
foot holds are provided.

4.12 For oil tankers of less than 5,000 tonnes

deadweight, TL may approve, in special circumstances,
smaller dimensions for the openings referred to in 4.10
and 4.11, if the ability to traverse such openings or to
remove an injured person can be proved to the
satisfaction of TL.

413 For bulk carriers, access ladders to cargo
holds and other spaces are to be:

4.13.1 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.

4.13.2 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.

4.13.3 A vertical ladder may be used as a means of
access to topside tanks, 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.

TURK LOYDU - HULL = JULY 2015



16-22 Section 16 - Hull Outfitting G
Table 16.6 Means of access for ballast and cargo tanks of oil tankers
1. Water ballast tanks except those specified in the | 2. Water ballast wing tanks of less than 5 m width

right column, and cargo oil tanks

forming double side spaces and their bilge
hopper sections

Access to the underdeck and vertical structure

1.1
containing

For tanks of which the height is 6 m and over

internal structures, permanent means of

access be provided in accordance with 1. to 6.:
A Continuous  athwartship permanent access
arranged at each transverse bulkhead on the
stiffened surface, at a minimum of 1,6 m. to a

maximum of 3 m. below the deck head;

2 At least one continuous longitudinal permanent
means of access at each side of the tank. One of
these accesses is to be at a minimum of 1,6 m. to
a maximum of 6 m below the deck head and the
other is to be at a minimum of 1,6 m. to a
maximum of 3 m. below the deck head;

3 Access between the arrangements specified in .1

and .2 and from the main deck to either .1 or .2;
A4 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 3.9 for inspection at intermediate
heights

5 For ships 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

.6 Alternative means as defined in 3.9 may be provided
for small ships as an alternative to .4 for cargo oil

tanks of which the height is less than 17 m.

2.1
point of the bilge hopper sections, permanent means of

For double side spaces above the upper knuckle

access are to be provided in accordance with .1 to .3:

A Where the vertical distance between horizontal
uppermost stringer and deck head is 6 m. or more,
one continuous longitudinal permanent means of
access shall be 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 Continuous longitudinal permanent means of

access, which are integrated in the structure, at a

vertical distance not exceeding 6 m. apart; and

3 Plated stringers shall, as far as possible, be in
alignment with horizontal girders of transverse
bulkheads.
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Table 16.6 Means of access for ballast and cargo tanks of oil tankers (continued)

1. Water ballast tanks except those specified in the
right column, and cargo oil tanks

2. Water ballast wing tanks of less than 5 m width
forming double side spaces and their bilge
hopper sections

Access to the underdeck and vertical structure

1.2
alternative means as defined in 3.9 or portable means

For tanks of which the height is less than 6 m,

may be utilized in lieu of the permanent means of access.

2.2
distance from the tank bottom to the upper knuckle point is

For bilge hopper sections of which the vertical

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 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.

the  continuous

permanent means of access may be installed at

2 Alternatively, longitudinal
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.

Fore peak tanks

1.3
more at the centre line of the collision bulkhead, a

For fore peak tanks with a depth of 6 m. or

suitable means of access shall be provided for access to
critical areas such as the underdeck structure, stringers,
collision bulkhead and side shell structure.

A 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.

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 3.9
shall be provided.

2.3
alternative means as defined in 3.9 or portable means of

Where the vertical distance is less than 6 m,

access may be utilised in lieu of 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.
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Table 16.7 Means of access for bulk carriers

1. Cargo holds

2. Ballast tanks

Access to underdeck structure

1.1 Permanent means of access shall befitted 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.

1.2 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 1.1.

1.3 Access to the permanent means of access to
overhead structure of the cross deck may also be via the
upper stool.

1.4 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.

15 Alternatively, movable means of access may be
utilized for access to the overhead structure of the cross
deck if its vertical distance is 17 m. or less above the tank
top.

Top side tanks

2.1 For each topside tank of which the height is 6 m
and over, one longitudinal continuous permanent means
of access shall be provided along the side shell webs and
installed at a minimum of 1,6 m. to a maximum of 3 m.
below deck with a vertical access ladder in the vicinity of
each access to that tank.

2.2 If no access holes are provided through the
transverse 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.

2.3 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 with the hatch side girder. The existing
longitudinal structure, if fitted on the sloping plate in the
space may be used as part of this means of access.

2.4
than 6 m, alternative means as defined in 3.9 or portable

For topside tanks of which the height is less

means may be utilized in lieu of the permanent means of
access.

Access to vertical structures

1.6 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.

1.7 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.

Bilge hopper tanks

25 For each bilge hopper tank of which the height is 6
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.

.1 An access ladder between the longitudinal continuous
permanent means of access and the bottom of the
space shall be provided at each end of the tank.

.2 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.

TURK LOYDU - HULL = JULY 2015




G Section 16 - Hull Outfitting 16-25
Table 16.7 Means of access for bulk carriers (continued)

1. Cargo holds 2. Ballast tanks

1.8 Portable or movable means of access may be | .3 For double-side skin bulk carriers, the longitudinal

utilized for access to hold frames up to their upper bracket
in place of the permanent means as required above.
These means of access shall be carried on board the ship
and readily available for use.

1.9 The width of vertical ladders for access to hold
frames shall be at least 300 mm, measured between
stringers.

1.10
acceptable for the inspection of the hold side frames in a

A single vertical ladder over 6 m in length is

single skin construction.

1.11 For double-side skin construction no vertical
ladders for the inspection of the cargo hold surfaces are
required. Inspection of this structure should be provided

from within the double hull space.

continuous permanent means of access may be
installed within 6 m. from the knuckle point of the
in combination with alternative

bilge, if used

methods to gain access to the knuckle point.

2.6 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.

2.7 For bilge hopper tanks of which the height is less
than 6 m, alternative means as defined in 3.9 or portable
means may be utilized in lieu of the permanent means of
access. Such means of access shall be demonstrated that
they can be deployed and made readily available in the
areas where needed.

Double-skin side tanks

2.8 Permanent means of access shall be provided in
accordance with the applicable sections of Tables 16.6

Fore peak tanks

2.9 For fore peak tanks with a depth of 6 m or more at
the centreline of the collision bulkhead, a suitable means
of access shall be provided for access to critical areas
such as the underdeck structure, stringers, collision
bulkhead and side shell structure.

A Stringers of less than 6 m. in vertical distance from
the deck head or a stringer immediately above are
suitable access in

considered to provide

combination with portable means of access.

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 3.9 shall be

provided.
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4.13.4 Unless allowed in 4.13.3 above, an inclined
ladder or combination of ladders should be used for
access to a tank or aspace 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.

4135 In case of 4.13.4 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.

4.13.6 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 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.

4.13.7 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.

4.14 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.

5. Ship Structure Access Manual

5.1 A ship's means of access to carry out overall
and close-up inspections and thickness measurements
is to be described in a Ship structure access manual
approved by TL, an updated copy of which is to be kept
on board. The Ship structure access manual is to

include the following for each space in the cargo area:

- Plans showing the means of access to the
space, with appropr