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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 20086, is to
be carried out on the basis of the IACS Common

Structural Rules for Bulk Carriers.

Accordingly for double hull oil tankers with L = 150 m. the
IACS Common Structural Rules for Double Hull Oil
Tankers 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 ltem 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 filed 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/m® 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 Ice strengthening

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

Where

higher tensile steels or materials other than ordinary hull

steel grades, standards, material numbers).

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.
doors, windows and side

hatchways, cargo ports,

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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H,J Section 1 - General, Definitions 1-7

v
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:

Pos.1 - On exposed freebord decks,

- On raised quarter decks,

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

Pos.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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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 1,000 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 1,000 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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A,B Section 2 — Habitability 2-3

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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2-4 Section 2 — Habitability B

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, E.2.

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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B Section 2 — Habitability 2-5

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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2-6 Section 2 — Habitability B

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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B Section 2 — Habitability 2-7

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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2-8 Section 2 — Habitability B

- 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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B Section 2 — Habitability 2-9

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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2-10 Section 2 — Habitability B,C,D

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.

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.

14 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

2.1 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”.

- 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
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D Section 2 — Habitability 2-11

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 1SO 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.

Draught: The unwanted local cooling of the body
caused by air movement.

5. Thermal Comfort

51 General

51.1 The thermal environmental variables covered
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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.

5.27 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.

5.4 Air Velocity

5.4.1  The air movement in the occupied areas shall
be within the limits shown in Figure 2.1.

5.4.2  Air velocity for the upper value is applicable

only in spaces where people are active.

5.4.3  The velocity and direction of the air flow shall
be chosen so as to prevent discomforting draughts.
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6.2 In hospitals, a non-return flap shall be installed
0.6 in the supply air duct.
/]
/1L . g and on
0.5 7 « 6.3 In laundries and drying and ironing rooms,
// pa \ exhaust air devices shall be installed over areas with
1 2 N . - . -
0,4 b . N —3  high heat emission and high humidity.
\ AT Y%
0d P /& \ 6.4 Ventilating equipment shall be designed to
» "
’// ,¢<< >‘ keep noise pollution to a tolerable level.
0.2 ,4// /KQ\ \\)Z
l /<<« > \ 6.5 Ducts, central air handling units, air filters, dust
\‘>> L collectors, heat exchangers, reheaters and air terminals
0,1 > . . .
\ >>) shall provide for easy inspections and replacements at
e regular maintenance intervals.
" % 21 22 73 2% 25 26 23 28
Trmparsinrel ek 6.6 Air inlet and air outlet devices shall be
provided, for spaces which are ventilated as natural
1. Upper value type.
2: Mean value 7. Measurements
3: Suggested air velocity values 7.1 General
4: Lower value In this section, the general rules and specific

Figure 2.1 Air movement in occupied spaces

Ventilation

6.1

sizes shall allow air supply without recirculation.

The layout of the ventilation plant and duct

requirements on the instrumentation, measurement,
evaluation and reporting procedures for the indoor
climate control tests are outlined.

Table 2.4 Air change rates

Ventilated space Air changes/'hour Air changes/hour 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
TURK LOYDU — HULL — 2014
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7.2 Instrumentation

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

741  Spaces

The climate control parameters shall be measured

In all accommodation spaces,
- 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..
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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.

75 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.

- 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.
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- 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
11 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.

1.4 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.

- 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”.
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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).

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 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.
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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, 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 Times and Locations

7.4.1 In spaces with windows or port lights where the
minimum lighting level shall be provided by artificial 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 m2, 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.

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

- Power source for lighting during testing.

- Measurement conditions, times and locations.
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Table 2.5 Lighting Levels for Ships

Work Area or Type of

llumination Level

Work Area or Type of

Illumination 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 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
1.1 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.

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.
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1.6 Accommodation and recreational and catering
facilities shall meet the requirements in Regulation 4.3,
and the related provisions in 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

2.1 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.

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
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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.

34 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.

35 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.

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:
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- 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.).

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.
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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.

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.

53 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
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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 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

- 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
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- 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.
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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
21 Ordinary Hull Structural Steel

211 Ordinary hull structural steel is a hull structural

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

21.2 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 Ren 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

Rex [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

Kk=—
Rep +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.

223 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
2.3.1 Material classes

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

2.3.2 Material
structural members

selection for 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 lll is to be applied.

233 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.

2.3.33
A/AH may normally be used. However, TL may require

For members not specifically mentioned, grade

higher grades depending on the stress level.

2.3.3.4
located outside 0.6 L amidships, grade A ordinary hull

For top plates of machinery foundations

structural steel may also be used for thicknesses above
40 mm.

2.3.4 Material selection for structural members

exposed to low temperatures

2.3.41 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.

2.3.4.2

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, I 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 (ip < -55°C), special materials
shall be considered.
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2.3.4.4 Single strakes required to be of class Ill 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 - Class | within 0.4 L amidships

2. Deck plating exposed to weather, other than that belonging to - Grade A/AH outside 0.4 L amidships
the Primary or Special category

3. Side plating

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) - Class Il within 0.4 L amidships
2. Stringer plate in strength deck (1) - Class Il outside 0.4 L amidships
3. Deck strake at longitudinal bulkhead, excluding deck plating in - Class | outside 0.6 L amidships

way of inner-skin bulkhead of double-hull ships (1)

4. Strength deck plating at outboard corners of cargo hatch openings | - Class Ill within 0.4 L amidships

in container carriers and other ships with similar hatch opening - Class Il outside 0.4 L amidships
configurations - Class | outside 0.6 L amidships
- Minimum Class Il within cargo region
5. Strength deck plating at corners of cargo hatch openings in bulk - Class Il within 0.6 L amidships
carriers, ore carriers, combination carriers and other ships with - Class Il within rest of cargo region

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

6. Bilge strake in ships with double bottom over the full breadth and - Class Il within 0.6 L amidships
length less than 150 m (1) - 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 - Class Il within 0.4 L amidships

including coaming top plate and flange - Class Il outside 0.4 L amidships

9. End brackets and deck house transition of longitudinal cargo hatch | - Class | outside 0.6 L amidships
coamings - Not to be less than grade D/DH

(1)  Single strakes required to be of Class III 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 ® Inner deck plating
plating of strength
members above the e Longitudinal 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

of side shell and bilge hopper sloping plate or inner

bottom plate (2)

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

(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

Th'ck"e(j? t [mm] >15 > 20 > 25 > 30 > 35 > 40 > 50
Material class <15 <20 <25 <30 <35 <40 <50 <100 (3)
| A/AH A/AH A/AH A/AH B/AH B/AH D/DH D/DH (2)

I A/AH A/AH B/AH D/DH | D/IDH(4) | DIDH(4) | E/EH E/EH

I A/AH B/AH D/AH | D/DH(4) | E/EH E/EH E/EH E/EH

(M

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 R,y > 390 N/mm® , EH.

Table 3.9 Material selection for local structural members

Structural member

Material class

Hawse pipe, stern tube, pipe stanchion (3)

Face plates and webs of girder systems, hatch covers

I (1)

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

(1)

(2)
3)

Class I material sufficient, where rolled sections are used or the parts are machine cut from normalized, rolled-normalized or

rolled thermo-mechanical plates.

See 2.3.3.2

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) " I
- Stringer plate in strength deck (2)
- Deck strake at longitudinal bulkhead (3)

- Continuous longitudinal hatch coamings (4)

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

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

(3) In ships with breadth exceeding 70 meters at least three deck strakes to be of class IIL.

(4) Not to be less than grade D/DH..

(5) BWL = ballast water line.
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Table 3.11 Material grade requirements for classes |, Il and Ill 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<45 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 FH
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

2.3.4.5 The design temperature tp is to be taken as
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 during one day and night.

Average :

Lowest : Lowest during year.

For seasonally restricted service, the lowest expected

value within the period of operation applies.

24 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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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

41 General

411 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

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

4.2.2 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.

424 Connections between extruded plating and

primary members are to be given special attention.
4.3 Mechanical properties of weld joints

4.31 Welding heat input lowers locally 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

441 The material factor ka for aluminium alloys is

to be obtained from the following formula:

23
Kp=—

lim
where

Rim = Minimum guaranteed vyield stress of the
parent metal in welded condition R'y2 , in
[N/mm2], 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 Ry, in [N/mmz]
R'p02 = n1- Rpo2
Rn' = N2 Rm

Rpo2 = Minimum guaranteed yield stress, in N/mm?,
of the parent metal in delivery condition

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

N1, N2 Specified in Table 3.12.

442 In the case of welding of two different
aluminium alloys, the material factor ka 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 3

Aluminium alloys n N2
Alloys without work-hardening
treatment (series 5000 in annealed ] ]
condition O or annealed flattened
condition H111)
Alloys hardened by work hardening , ,
. . R p0.2 R m
(series 5000 other than condition O/
Rp0.2 Rm
H111)
Alloys hardened by heat treatment R’p0.2 0.6
(series 6000)(1) Rpo.2 -
Notes:

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

R’y : Minimum guaranteed yield stress, in N/mn?’, of

material in welded condition.

R’,, - Minimum guaranteed tensile strength, in N/mm’, of

material in welded condition

Gross
Temper
Aluminium alloy thickness B
condition
[mm]
6005 A t<6 0.45
T5orT6
(Open sections) t>6 0.40
6005 A
) T50r 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 Ry1,0 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 a where a is the smaller

angle between the web and attached plating.

Note:
In general, for bulb profiles and flat bars, a 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:

Cc = Constant, e.g. C=1.1 for tank plating
a
fq =1-—
2r
f‘lmin =0.75
[ 2
f, = 4/1,1-0,5(a/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
21 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 zg = 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],
eb = See Section 6, C.4.1.

23 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)/W ,

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.

a+b

4

(s

[

jt——— &' ——]

-

-+a —h-| {

(P

Figure 3.3 Unsupported span €

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
41 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
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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 /K +tg , [mm]

c = 1.2 for non-flanged brackets

c = 0.95 for flanged bracket

ki = Material factor k for the section according to
A22

tk = Corrosion allowance according to 9.

w = Section modulus of smaller section in [cm3]

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 tmin 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

e=46,23\/ki-\/g-ct [mm]
1

fmin = 100 mm.

Ct:\/t/ta

ta = "as built” thickness of bracket [mm]

than:

ta 2 t (according to 4.2.2)

W as defined in 4.2.2

k2

Material factor k for the bracket according to
A22

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-y/p-a(f-0,5-a)/ Ry » [mm]

p = Designload in [kN/m2]
£ = Unsupported length of stiffener in [m]
a = Spacing of stiffeners in [m]

Ren = Minimum nominal upper vyield stress of the
plating material in [N/mm2] according to Section.

A22
c = 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.
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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=t-b-@d+1t) [cm’]
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

5.21 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 e, of frames and girders

ele 0| 1 2 3 4 5 6 7 28

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

em2/e | 0 ]10.20(0.37(0.52|0.65|0.75( 0.84 |0.89( 0.9

em1 is to be applied where girders are loaded by
uniformly distributed loads or else by not less than 6
equally spaced single loads.

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

considered in [cm°]

4 = Unsupported span of the structural member

considered in [m].
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7. Longitudinal and Transverse Members
71 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).

71.2 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.

71.3 At the ends of longitudinal bulkheads or
continuous longitudinal walls suitable scarphing

brackets are to be provided.

7.2 Transverse Members and Girders

7.21 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.

7.23 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

7.24 Upon special approval the stiffeners at the
knuckles may be omitted if the following condition is

complied with:

b
ca<op— [N/ mm’]
br
Oa = Actual stress in the face plate at the knuckle
in [N/mm?]
Op = Permissible stress in the face plate in [N/mmz]
bs = Breadth of face plate in [mm]
be = Effective breadth of face plate:

be = tw + nq [t + c(b - tr)] [mm]

tw

Web thickness in [mm]

ts

Face plate thickness in [mm]

b = L (br-t) [mm]
ni

oo 1 L -ty
[(b—tf)Z/wa}—nz o’ R
Cmax = 1.0
2a = Knuckle angle in [], (see Figure 3.6).
Omax = 45°
R = Radius of rounded face plates
R = f for knuckled face plates
n4 = 1 for un-symmetrical face plates (face plate at
one side only)
n = 2 for symmetrical face plates
nz = 0 for face plates not supported by brackets
= 0.9% <1.0 for face plates of multi-web
“tr

girders
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n3 = 3if 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]

(b)

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 o, in
the face plate of thickness ti may be estimated as
follows and may be evaluated with case 5 of Table 3.32

. t
ke = 1+6_n42.tan{1.2a}
tr tf R
I+ —

tel

ng = 7.143 for d
—>8
ty
- i-O.Sl-é{ﬁ for82£>1.35
tr te tr
= O.5-i+0.125 for1.352£2-0.25
tr tr

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

Scantlings of stiffeners (guidance):

. c .
thickness :  t, =—-tf-2sina
Gp

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 - by (br = 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 +%f <50 [mm]

TURK LOYDU - HULL - 2014



B Section 3 -

Design Principles 3-17

B\
1 & * depending on the welding process
= b &
| ~. ‘ & ‘[ 9
~. {
TS 13+ 0,5 tg '|
— (\? “‘-..___‘ - II"‘
R R T e e |t
o i \“
X~ l
T 25+ <d<50
& 2+(4)* \ 2 E
tr= 15 mm ~ 40°

Figure 3.7 Welding and support of knuckles

On bulk carriers at knuckles between inner bottom and
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 =y /
hopper plating and bottom \
girder R

Section A - A bottom

Edge ‘ | Floor

chamfered
for full

penetration

v 250 N

v “’O
A pa N

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:

ok < f-Ren

f = 1.1 for ordinary hull structural steel
f = 0.9 for higher tensile steel with
Rex = 315 N/mm*
f = 0.8 for higher tensile steel with
Ret = 355 N/mm?
f = 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 ok 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
Okmax — + Ky yo; +3:74

for o4 = Tensile stress

_ [ 2 2
= -K, 4o, +3:1

for o4 = compressive stress

Kiv = Notch factor for equivalent stress
=m- \/B +cC

m,c = Parameters according to Figure 3.11.

¢,a = Length and height of opening

T = Shear stress related to gross area of section

01 = 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).

Pmin = 3

Note:

Because the notch factor and the equivalent stress are always
positive, the sign of o, 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
tKZ
tk = 15mm for t'<10mm.

0.1-t'

Jx

for t'>10 mm.

+ 0.5 mm, max. 3.0 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
_ 01-¢t

Jx

corrosion allowance is ftk 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.
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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 ticmin
[mm]
In ballast tanks where the weather
deck forms the tanktop,1.5 m. below 2.5
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) ty = 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 Stresses for Fatigue Strength
Analysis

The additional stress on occurring in non-symmetric

sections may be calculated by the following formula:

o=l @2y IN/mm?]

C- Wy . WZ
Q = Load on section parallel to its web within the
unsupported span /s in [KN]
Q = p-a- /[kN]in case of uniformly distributed
load p [kN/m?]
A = Unsupported span of flange [m]
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t, bi, b= Flange dimensions [mm] as shown in Figure

3.12
b1 2 by
Wy = Section modulus of section related to the y-y
Type of profile ksp
Flat bars and symmetric T-profiles 1.00
Bulb profiles 1.03
Asymmetric T-profiles b
[2 ~ O,SJ 1.05
by
Rolled angels (L-profiles) 1.15
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.

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 o is to be added directly to other

stresses such as those resulting from local and hull

girder bending.

=
le— by /2 —»

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.

Table 3.16 Increase factor ks,

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.

1.4 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
21 Plates
S = Shorter side of plate panel in [m]

| = Longer side of plate panel in [m]

t = 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]
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t = 5 - tk, net thickness, in [mm],of plating

3
I

Number of half waves, given in Table 3.18

~
I}

Given in Table 3.18

Table 3.17 Standard deduction for corrosion

Table 3.18 Number of half waves

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

K range
*C1*
" {K: ; 106}
n EI,
1 0(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)2m2
k, Et’ .
*C=e P 10 c,
1-33kph £ where, kp =1-
3 1+7W GEp
1000st,

C is spring stiffness exerted by supporting plate panel.

k, is not to be taken less than zero. For bulb plates ,

(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.

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

thickness as specified in Table 3.17.

= Polar moment of inertia of the stiffener related
to the point O, in [cm4], (see Figure 3.13 and
Table 3.19).

= St. Venant's moment of inertia of the stiffener,
in [cm4], (see Figure 3.13 and Table 3.19).

built up profiles and rolled angles,, kp need not to be
taken less than 0.2.

Oy Is elastic critical buckling stress (og) of supporting
plate derived from Table 3.20.

forh,, t,andl, see 2.2, for o,, see 2.3.

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

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

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

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

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

Aw = Webarea hy -ty

Ar = Flange area bs - t;
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2.3 Stress

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

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

buckling stress in [N/mm?]

oF = Yield stress of material in [N/mm?]

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

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

stress in [N/mm2]

Table 3.19 Moments of inertia

TF = Yield stress in shear of material in [N/mmz]
by .‘
¥ 1t
tW’
hW
l o .
Itg
*eg=hy, +tg/2
Figure 3.13 Main dimensions of typical

longitudinal stiffeners

24 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

31 Plates

311 The critical buckling stress in compression o¢

is determined as given Table 3.20.

3.1.2 The critical buckling stress in shear tc is
determined as given Table 3.21.

. Profiles with Bulb or
Profile Flat Bar
Flange
hl.t, A,hl Al
IP WIwW + f~f
3.10' 3.10°  10°
2
: Avluly o630 |+
LN P 3.10 h,
I 3.10° “Th,
T AL t
£111-0,63-+-
3.10“{ bt]
for bulb and angle
profiles:
Ae;bi[ A, +2.6A,
12,100 | Ar+A,
Iw
A3
w for T- profiles
36.1¢°
bi.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, >fo,
where,
B = 1 for plating and for web plating of longitudinals
§ = 1.1 for longitudinals
02 = 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:

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
2 Cases
[N/mm?]
oy (1) o <
(0)
6. 1-——FL c
[ 4ch @ 0%

For the column buckling mode(perpendicular to
plane of plating) without rotation of the cross
section, see Notes 1and 3.

g = 0.001E—
Al

2

(1) o is calculated according to Table 3.22(for plates)
ox 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.

2
K I
op = —— Elw[mz +—2:|+0.385E =
107 1,1 m L

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

¢ 2
op = 3.8E(h—wj

Table 3.21 The critical shear buckling stress

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 = flange width for angles

b
£ < 15;where,
£ by = half the width for T-section

3)  All symbols as defined in C2.

Tc
IN/mm?] Cases
G
Tg (1) T < 2\%
_ % O
TF[I 4TJ @ e
_09E 2|5.34 4
(1) == 10° t $2 +17 for plates.
GF
2 1= f for or see Table 3.20.

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

Table 3.22 The Euler compressive buckling stress
for plating, in [Nlmmz]

_MS+MW 5

o el0

For plating with longitudinal stiffeners
(parallel to compressive stress)

o _36E[]
F10° Ls

Table 3.24b Variables used for calculating bending

stress o.

For plating with transverse stiffeners
(perpendicular to compressive stress)

0.9 TP
oy =—¢cE 1+(§j [—}
10 | S

¢ =1.30 when the plating is supported by floors or

where,

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).

M. = wave bending moment [kN.m] as in Section 6
(1).

In = 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

k < 1.0 for higher tensile steel according to Table
3.1in2.2

(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

= —50|QS i QW| S N/mm’
a t .

Ships with two effective longitudinal Bulkheads
for side shell

. _100[0.5-9)(Q,+ Q) +AQy,

S
a = N/mm?
t I

for longitudinal bulkheads

100 + +A
Ta= |(P(Qs ?W) le' .%N/mm2

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

AQsn = 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
11 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).

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

1.5 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

S
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?]
Omin = 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/mm?]

Ao, = Permissible stress range in [N/mm2]
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At = Corresponding range for shear stress in
IN/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/mm2] (= 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

Aor: = Corrected fatigue strength reference value of
"S-N" curve at 2 - 10° stress cycles in [N/mm?]

D = Cumulative damage ratio.

3. Scope

31 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 Ao 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 Ao 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).

T C 1.0

0
log 1 log npay

]Og 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

"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
Aor) 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 Aor).

- 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 km for
considering significant influence of axial and angular
misalignment are already included in the fatigue

strength reference values Acr (Table 3.32):

Km = 1.15 butt welds (corresponding type A1, A2,
A11)

1.30 butt welds (corresponding type A3 + A10)

1.45 cruciform joints (corresponding type D1 +
D5)

=1.25 filet 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

5.1.1 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 AoR).

In Table 3.33 Ao - 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.

51.2 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
given in 7.2.2.

51.3 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

5 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.

514 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) | Msw +Mst + fp - (0.6 Mwvhog + Mwh) | Msw +Mst + fp - (0.6 Mwvsag - Mwh)
(Section 6)

Vertical longitudinal bending moments, fe - {Msw + Mst + fp [(0.43+C(0.5-C))
. . fr - {Msw + Mgt + fp [(0.43+C) -

horizontal wave bending moments and * Mwvhog + C(0.43+C)-Mwvsag - Mwh -
, , Mwvhog + Mwh + Mwr]}

torsional moments (Section 6.) (1) Mwrl}

2
X
c~(3-0s)
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 + P Ps + P
(Section 5, C.2 and D.3) ST Twe ST e
Liquid pressure in completely filled tanks
(Section 5,C.3 and D.8.1) (4) Pst + Ppt Pst + Ppr but >100 pv
Loads due to cargo (Section 5, C.4 and
Psc *+ Poc Psc + Poc
D.6)
Loads due to friction forces (3)
, Ph - Pn
(Section 17, C.5.2.8)
Loads due to rudder forces (3) Cr -Cr
(Section 14, B) Qr -Qr
(1) Maximum and minimum load are to be so determined that the largest applied stress range Ac as per Figure 3.14 at

conservative mean stress is obtained having due regard to the sign (plus, minus).
(2)  fp= Coefficient corresponding to the probability level, taken equal to:
=1.0  for strength assessments corresponding to the probability level of 107
=0.5  for strength assessments corresponding to the probability level of 107*
= 1.0  for stiffeners if no other cyclic load components are considered
fr = Weighting factor for the simultaneousness of global and local loads.

(3) In general the largest load is to be taken in connection with the load spectrum B without considering further cyclic 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

5.21 For standard stress range spectra according
to Figure 3.14, the permissible peak stress range can
be calculated as follows:

Aoy, =y - AORe
AORc = Detail category or fatigue strength
reference value, respectively, corrected
according to 6.2
n = 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= 12X (ni/Ni)
i=1

| = Total number of blocks of the stress range
spectrum for summation (normally | > 20)

n; = Number of stress cycles in block i

N; = Number of endured stress cycles determined
from the corrected design "S-N" curve (see
6). taking Ao = Ac;

Ao; = Stress range 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 Acr 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 (Ag) and log (N):

log(N)=7.0+m-Q

Q = log (Aor / Ad) - 0.69897/mq

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 (me=3) Type E1 (mo = 5) Type E2 (mo = 4) Type E3 (m, = 3.5)
range Nmax™ Nmax = Nmax = Nmax =

spectrum| 10° | 10° | 510" | 10® [10°[10°| 510" | 10° | 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)

B 9.2) | 167 | 1.43 |(95)]5.0| 1.95 | 1.78 [(11.2)| 59 | 1.86 | 1.65 00 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 | 0543 | 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) Mm [ m (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 (Nyqx; 5 fn1) and (Mg

spectrum A or B:

log(fnZ/fnl )

logf, =logf,, +log(nmax/nmaxl)log . n

max2’ " max1

[For the stress spectrum C intermediate values may be calculated according to 6.1.2 by taking N = n,,,. and f,, = Ao /Ao,

; fn2), the following formula may be applied in the case of stress|

(1) f,.for non-corrosive environment, see also 6.1.4.

(2) for dog= 100 [N/mm’]

The S-N curve for detail category 160 forms the upper
limit also for S-N curves of free edges of steel plates
with detail categories 100-140 in the range of low stress

cycles, (see Figure 3.17).

The same applies accordingly to detail categories 71 or
80 of aluminum alloys, (see type E1 in Table 3.32).

6.1.3 For structures subjected to variable stress
ranges, the “S-N" curves shown by the solid lines in
Figure 3.16 and Figure 3.17 have to be applied ("S-N"
curves of type "M"), i.e.

m =mo for N<10’ (Q<0)
m=2-mo-1  forN>10 (Q>0).
6.1.4 For stress ranges of constant magnitude

(stress range spectrum C) in non-corrosive
environment from N =1-10’ the "S-N" curves of type

"O" in Figure 3.16 and 3.16 can be used, thus:

m = mo for N<10 (Q<0)
m=22 for N> 10’ (Q>0).
6.2 Correction of the reference value of the

design "S-N" curve

6.2.1 A correction of the reference value of the "S-N"

curve (or detail category) is required to account for

additional influence factors on fatigue strength as follows:
AoRc = cfy, - cfr - cfy - cfi - AOR

cfm, cfr, cfw, cfi defined in 6.2.2 - 6.2.5.

For the description of the corrected design "S-N" curve,

the formulae given in 6.1.2 may be used by replacing
Aor by Aore.
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Figure 3.17 “S-N”

Material effect (cfm)

The correction factor is calculated according Table 3.28

6.2.3

Effect of mean stress (cfR)

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

*Roy Minimum nominal upper yield point of the steel [N/mm’].

|
|
|
|
N w
7 8 8
10 510
10 "

curves for notches at plate edge of steel plate

6.2.4 Effect of weld shape (cfw)

In normal cases:

fw=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 (cfr)

cfr Range

1.0 tensile pulsating stresses

alternating stresses

1 * 1 20,
+ —
¢ Ac _ AGmax <o < AGmax

2 " 2

compressive pulsating stresses

*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)

=0.3 for free plate edges

- Disc grinder: cfy=1.15

- Burr grinder: cfw =1.30

For butt welds ground flush the corresponding detail
category has to be chosen, e.g. type A1, 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:

cfw=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/Ir<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.
cf, = (25}
tetf
where,
n . The thickness correction exponent (see
Table 3.30).
tef . 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 0.2
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

L% Cases

t Lt/t>2

teff = 0.5 LT or tef =1t

) ) Lr/t<2
whichever is the larger

L, I [ L : Toe distance
A B A N

< I t >
N V
7. Structural Hot Spot Stresses
71 General
7141 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.

71.2 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.

71.3 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.

computed reference

total stress ;
points

/ stress on surface

structural stress

~sipem— % — hot épot 2-

Figure 3.18 Structural stress

7.21 For the fatigue strength analysis based on
structural stress, the “S-N” curves shown in Figure 3.16
apply with the following reference values:

Aor = 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

Aor = 90 (resp. 32 for Al)
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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.g.

misalignment:

1

, Acs’b ,
Ko, _F(km -1

s,max

Aosmax = Applied peak stress range within a stress

range spectrum

Aos, = Bending portion of A0 max
Km = kn-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.

7.31 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)

0.9t 0.5t

s

' 0.4t t

Figure 3.19 Strain gauges in plate structures
7.3.21 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,

£y = 0.72(3.5805 311260 4, +5, 4, )

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.

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
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toe. The Hot Spot Strain is determined by quadratic

extrapolation to the weld toe:

_ 1 )
8h - 3(‘(‘:’4mm - 8Smm + § 812mm

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 eqgn.. 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 o can then be resolved from below eqgn.,
assuming that this principal stress is approximately
perpendicular to the weld toe.

€
l+v—>
€
_ X
c, =E.g, 3
1-v

The above equations also apply if strain ranges are
measured, producing the range of structural Hot Spot

Stress Aoh.
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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 Aog
considered Steel Al
A -— l '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 < i T —l - position, max. weld reinforcement 1 mm + 0.1 x 90 36
weld width, smooth transitions, NDT
Transverse butt weld not satisfying conditions for
A3 - | ’ —= | joint type No.A2, NDT
Al:  Butt weld with toe angle <50° 80 32
Butt welds with toe angle >50° 25
Transverse butt weld on backing strip or three-plate 71 25
-~ {_l_\;LV_\ - connection with unloaded branch
A4
- -
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 20 32
/_J as for joint type No.A2, slope 1: 3 80 28
- ! e as for joint type No.A2, slope 1: 2 71 25
~—
as for joint type No.A3, slope 1: 5 80 25
A5 «’—_x/’/_‘_"‘ as for joint type No.A3, slope 1: 3 71 22
as for joint type No.A3, slope 1: 2 63 20
~—¢ 3 »
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 - { ' l Sy 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 —> 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

Type
No.

Joint configuration showing mode
of fatigue cracking and stress o
considered

Description of joint

Detail category

AO‘R

Steel

Al

A8

t
v

Full penetration butt weld at crossing flanges

Welded from both sides.

50

18

A9

Full penetration butt weld at crossing flanges
Welded from both sides

Cutting edges in the quality according to type E2 or
E3

F
Connection length w 2 2b O nominal = b_
-t

63

22

A10

Full penetration butt weld at crossing flanges

Welded from both sides, NDT, weld ends ground,

butt weld ground flush to surface

Cutting edges in the quality according to type E2
or E3 with Aor = 125

F
Connection lengthw =2b  %nominal = ;

80

32

A11

Full penetration butt weld at crossing flanges
welded from both sides made in shop at flat

position, radius transition with R=b

Weld reinforcement <1 mm + 0.1 x weld width,

smooth transitions, NDT, weld ends ground

Cutting edges in the quality according to type E2
or E3 with Aor = 125

90

36

A12

edges broken
or rounded

Full penetration butt weld at crossing flanges,

radius transition with R=b

Welded from both sides, no misalignment, 100 %
NDT, weld ends ground, butt weld ground flush to
surface

Cutting edges broken or rounded according to type
E2

100

40
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Table 3.32 Catalogue of details (continued)

B. Longitudinal load-carrying weld

Joint configuration showing mode

Detail category

Type
::p of fatigue cracking and stress o Description of joint Aor
o.
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
| I penetrated K-butt weld without stop/start positions 100 40
1T
W (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
::p of fatigue cracking and stress o Description of joint Aor
o.
considered Steel Al
Intermittent longitudinal fillet weld (based on stress
range in flange at weld ends)
In presence of shear 1 in the web, the detail
category has to be reduced by the factor (1 — At/
Ag), but not below 36 (steel) or 14 (Al).
Tlo= 0 80 32
B5
0.0-0.2 71 28
0.2-0.3 63 25
0.3-04 56 22
04-0.5 50 20
0.5-0.6 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 1t in the web, the detalil
category has to be reduced by the factor (1 — At /
Ao), but not below 36 (steel) or 14 (Al).
B6
Tlo= 0
71 28
0.0-0.2
63 25
0.2-0.3
56 22
0.3-04
50 20
0.4-0.5
45 18
0.5-0.6
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::f 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
~l— 50 mm < £< 150 mm 71 25
(t2) 150 mm < £ < 300 mm 63 20
-] 113939933340 | > 300 mm 56 18
c1 (t1)
%{ For t, < 0.5 ty, 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, Aor is to be
decreased by one category.
Gusset with smooth transition (sniped end or
radius) welded on beam flange, bulb or plate; c < 2
t2, max. 25 mm
Z\M r205h 71 25
LI AR . r<05h orgs20° 63 20
c2 - ('m-'-‘-'-‘-“-‘-mh\—.j : > T ¢ >20° see joint 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), Aor 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
— to angle section 50 18
C3
L / For £ > 150 mm, Aor has to be decreased by one
le— p—>
category, while for { < 50 mm, Aor may be
increased by one category.
If the component is subjected to bending, Aor 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;Zf 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
T £<50 mm 56 20
(t2) 50 mm <{< 150 mm 50 18
cs o) . ;i03r;1(;n <{<300 mm 45 16
mm 40 14
For t, < 0.7 ty, 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); c < 2 t;, max. 25 mm
Cc6 rx05h 50 18
r<05hore¢=<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
c7 80 28
short and long stiffeners)
C8 Non-load-carrying shear connector 80 28

TURK LOYDU - HULL - 2014




3-42

Section 3 — Design Principles

Table 3.32 Catalogue of details (continued)

C. Non-load-carrying attachments
T Joint configuration showing mode Detail category
e
::p of fatigue cracking and stress o Description of joint Aor
o.
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 >15¢ 45 16
The following features increase Aor by one
-*-’# ":i category accordingly:
INNENIENINEY]
C9 = 5 L ; = B
) < — reinforced ends according to Section 20, Figure
[ 1 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
T Joint configuration showing mode Detail category
e
::p of fatigue cracking and stress o Description of joint Aor
o.
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.
D1 == P g g
L cruciform joint [ 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 - A
| | 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

T Joint configuration showing mode Detail category
e
::p of fatigue cracking and stress o Description of joint Aor
o.
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 -t -+

azt3 36 12
a<t3 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, Aor 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
N\ ) 45 16
D5 b, for rectangular hollow section
=== - - - - 40 14
- e - The stress is to be related to the weld sectional
area. For t <8 mm, Aor has to be decreased by
one category.
Continuous butt or fillet weld connecting a pipe
penetrating through a plate
—
d <50 mm 71 25
< - d > 50 mm 63 22
D6

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

Type

Joint configuration showing mode

Detail category

N of fatigue cracking and stress o Description of joint Aor
o.
considered Steel Al
1 ‘::;
1 Rolled or extruded plates and sections as well as 160 71
e 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
Eo 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
mo=3.5 me=3.5
E3 (Mo=3.5) | (mMoe=3.5)
Manually thermally cut: 100 32
(mo=3.5) | (Me=3.5)
Stress increase due to geometry of cut-outs to be
considered.

(1)

K,

4 Omax

Stress concentrations caused by an opening to be considered as follows:

Aanzax = Kt ’AO_N
Notch factor according to Section B, 8

Nominal stress range related to net section

Alternatively direct determination of A0,,,. from FE-calculation, especially in case of hatch openings or multiple

arrangement of openings.
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Table 3.33 Various intersections

Transverse web

Side shell plating
or longitudinal

Longitudinal

bulkhead R
/ ST : Fracture

Stiffener

Longitudinal
X

Transverse
web I“L

\ Side shell plating
or longitudinal
bulkhead plating

- (1)

Q)

Joint configuration
Loads
Locations being at risk for
cracks

Description of joint

Detail category
Acr
steel

None watertight intersection
without heel stiffener

80

80 80

80

Watertight intersection without
heel stiffener (without cyclic load
on the transverse member)

71

7 71

7

With heel stiffener

<150
£>150

direct
connection

<150
£>150

overlapping
connection

45
40

50
45

56 56
50 50

50 45
45 40

63
56

With heel stiffener and
integrated bracket

45

56 56

63

With heel stiffener and
integrated bracket and with
backing bracket

direct connection
overlapping connection

50
56

63 63
56 50

71

With heel stiffener but
considering the load transferred
to the stiffener

crack initiation at weld toe
crack initiation at weld root

Stress increase due to
eccentricity and shape of cut out
has to be observed.

80

71 71
40 40

71
40

(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

102 — 171NH — NAAOT YNL

Structure or equipment Type Joint configuration showing Detail
. Description of structure or equipment detail mode of fatigue cracking and Description of joint category
detail No. .
stress o considered Aor Steel
F Unstiffened flange to web joint, to be assessed Cruciform or tee-joint K-butt welds with
\ o according to type D1, D2 or D3, depending on the full penetration or with defined
\ r type of joint: . incomplete root penetration according
F o= -2 - to Section 20, Figure 20.9.
e — rot
Furthermore, the stress in longitudinal weld D1
direction has to be assessed according to type B2 4_2:1 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
“’a assessed according to type D1, D2 or D3, fillet welds, toe failure (root failure
depending on the type of joint. The stress in the m— particularly for throat thickness
stiffener at the knuckle can normally be b2 = a < 0.7 - t, see joint type D3)
calculated as follows: Cruciform joint 63
Ta — Tee-joint. 71
& > . Welded metal in transverse load-
/ 0=gg—2sina carrying fillet welds at cruciform or tee-
tb joint, root failure (based on stress
D3 - jﬁ < range in weld throat), see also joint 36
"G type No.D2
Holder welded in way of an opening and arranged £<150 mm
parallel to the edge of the opening. — 1 — 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 -] BINININN | (hatched area): 71

(t1)

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.

so|dioud ubiseq — ¢ uonoag
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Table 3.34 Examples of structure or equipment details

102 — 11NH — NAAOT YiNL

L . Joint configuration showing Detail
. . Description of structure or equipment Type ) . L .
Structure or equipment detail detail N mode of fatigue cracking and Description of joint category
etai o.
stress o considered Aok Steel
Circular doubler plate with max. 150 mm.
diameter.
~ tp <08t 71
Cco Vo 08t <tp<15t 63
<>- °
' to > 15t 56
Drain plugs according to DIN 87721-1
(diameter about 190 mm) tpb <08t 63
Assessment corresponding to doubling - & 08t< tp<1.5t 56
ITTTRTTTIT
plate. C9 < ——T A » tD >15t 50
150 <d <300 mm.
d = Diameter
d Drain plugs with partial penetration butt Partial penetration butt weld;
weld the stress is to be related to
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 C7 80

downgraded by one category
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E Section 3 — Design Principles 3-49

E. Testing Procedures of Watertight
Compartments
1. General

These test procedures are to confirm the watertightness
of tanks and watertight boundaries, the structural
adequacy of tanks and weathertightness of
structures/shipboard outfitting. The tightness of tanks
and tight boundaries of:

- New ships prior to delivery, and

- Structures involved in, or affected by, major
conversions or repairs (1) is to be confirmed

by these test procedures.

2. Application

2.1 All gravity tanks (2) and other boundaries
required to be watertight or weathertight are to betested
in accordance with this Procedure and proven tight and

structurally adequate as follows:

- Gravity Tanks for their tightness and structural
adequacy,

- Watertight Boundaries Other Than Tank
Boundaries for their watertightness, and

- Weathertight Boundaries for their
weathertightness.
2.2 The testing of the cargo containment systems

of liquefied gas carriers is to be in accordance with
standards deemed appropriate by TL.

2.3 Testing of structures not listed in Table 3.35 or
3.36 is to be specially considered.

3. Types of Tests and Definition of Test

3.1 The following two types of test are specified in
this requirement:

Structural test: A test to verify the structural adequacy
of the construction of the tanks. This may be a

hydrostatic test or, where the situation warrants, a
hydropneumatic test.

Leak test: A test to verify the tightness of the boundary.
Unless a specific test is indicated, this may be a
hydrostatic/hydropneumatic test or air test. Leak test
with remark (3) in Table 3.35 includes hose test as an
acceptable medium of the test.

3.2 Definition of each type of test is as follows:

Hydrostatic Test (Leak and Structural): A test by filling
the space with a liquid to a specified head.

Hydropneumatic Test (Leak and structural): A test
wherein the space is partially filled with liquid and air
pressure

applied on top of the liquid surface.

Hose Test (Leak): A test to verify the tightness of the
joint by a jet of water.

Air Tests (Leak): A test to verify the tightness by means
of air pressure differential and leak detection solution. It
includes tank air tests and joint air tests, such as a
compressed air test and vacuum box test.

Compressed Air Fillet Weld Test (Leak): An air test of a
fillet welded tee joint with a leak indicating solution
applied on the fillet welds.

Vacuum Box Test (Leak): A box over a joint with leak
indicating solution applied on the fillet or butt welds. A
vacuum is created inside the box to detect any leaks.

Ultrasonic Test (Leak): A test to verify the tightness of a
sealing by means of ultrasound.

Penetration Test (Leak): A test to verify that no
continuous leakages exist in the boundaries of a
compartment by the application of low surface tension
liquids.

Q) Major repair means a repair affecting structural
integrity.

2) Gravity tank means a tank that is subject to vapour
pressure not greater than 70 kPa.
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3-50 Section 3 — Design Principles E

4, Test Procedures

4.1 General

Tests are to be carried out in the presence of the
Surveyor at a stage sufficiently close to the completion
of the 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 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, density of liquid, etc.) prevent the
performance of a hydrostatic test, a hydropneumatic
test in accordance with 4.4.2 may be accepted as an
equivalent method.

Provided the results of a leak test are confirmed
satisfactory, a hydrostatic test for confirmation of
structural adequacy may be carried out while the vessel
is afloat.

4.2.2 Number of Structural Tests

4.2.2.1 A structural test is to be carried out for at least
one tank of the same construction (i.e. tanks of the
same structural design and configuration and same
general workmanship as determined by the attending
Surveyor) on each vessel provided all subsequent tanks
are tested for leaks by an air test.

However, where structural adequacy of a tank was
verified by structural testing required in Table 3.35, the
subsequent vessels in the series (i.e. sister ships built in
the same shipyard) may be exempted from such testing
for other tanks which have the structural similarity to the
tested tank, provided that the water-tightness in all
boundaries of exempted tanks are verified by leak tests
and thorough inspection. For sister ships built several

years after the last ship of the series, such exemption
may be reconsidered. In any case, structural testing is
to be carried out for at least one tank for each vessel in

order to verify structural fabrication adequacy.

4.2.2.2 For watertight boundaries of spaces other than
tanks (excluding chain lockers), structural testing may
be exempted, provided that the watertightness in all
boundaries of exempted spaces are verified by leak

tests and thorough inspection.

4.2.2.3 These subsequent tanks may require structural
testing if found necessary after the structural testing of
the first tank.

4.2.2.4 Tanks for structural test are to be selected so
that all representative structural members are tested for

the expected tension and compression.

4.3 Leak test procedures

For the leak test specified in Table 3.35, a tank air test,
compressed air fillet weld test, vacuum box test in
accordance with 4.4.3 to 4.4.6, or their combination will
be acceptable. A hydrostatic or hydropneumatic test
may also be accepted as the leak test provided 4.5 and
4.6 are complied with. A hose test will also be
acceptable for the locations as specified in Table 3.35
with note 3. A joint air test may be carried out in the
block stage provided all work on the block that may
affect the tightness of the joint is completed before the
test. See also 4.5.1 for the application of final coating
and 4.6 for safe access to the joint and their summary in
Table 3.37.

4.4 Details of Tests

4.4.1 Hydrostatic Test

Unless other liquid is approved, the hydrostatic test is to
consist of filling the space by fresh water or sea water,
whichever is appropriate for testing of the space, to the
level specified in Table 3.35 or Table 3.36. In case a
tank for cargoes with higher density is to be tested with
fresh water or sea water, the testing pressure height is
to be specially considered.
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4.4.2 Hydropneumatic test

A hydropneumatic test where approved is to be such
that the test condition in conjunction with the approved
liquid level and 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 the hydropneumatic test.

4.4.3 Hose test

A hose test is 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 distance to the joint not exceeding
1.5m.

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 an equivalent.

4.4.4 Tank air test

All boundary welds, erection joints and penetrations
including pipe connections are to be examined in
accordance with the approved procedure and under a
pressure differential above atmospheric pressure not
less than 0.15-10° Pa with a leak indication solution
applied. It is recommended that the air pressure in the
tank be raised to and maintained at about 0.20-10° Pa
for approximately one hour, with a minimum number of
personnel around the tank, before being lowered to the
test pressure of 0.15-10° Pa. 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. In addition to U-tube,
a master gauge or other approved means to verify the
pressure is to be approved.

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 on the

opposite side. 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 of partial penetration welding is
required and the root face is sufficiently large (i.e.,6-
8mm), the compressed air test is to be applied in the
same manner as for a fillet weld.

4.4.6 Vacuum box test

A box (vacuum tester) with air connections, gauges and
inspection window is placed over the joint with leak
indicator applied. 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.

4.4.7 Ultrasonic test

An arrangement of an ultrasonic echoes transmitter
placed inside of a compartment and a receiver outside.
A location where the sound is detectable by the receiver
displays a leakage in the sealing of the compartment.

4.4.8 Penetration test

A test of butt welds by applying a low surface tension liquid
to one side of a compartment boundary. 