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REVISION HISTORY?

Item Description Remarks
Para 10.1.1 The reference to the Finnish-Swedish Ice Class Rules specifies the year of issue of the updated version Editorial
of these Rules amendment of
25.09.2024
Para 10.4.3 For the users' convenience, the formulas for calculating the values of - ; and - > have been numbered Editorial
(10.4.3-3) and (10.4.3-4), accordingly amendment of
25.09.2024
Formula 10.4.3-3 As was As is Editorial
W oy 00 - i . y .y 00 - i n amendment of

1

With the exception of amendments and additions introduced by Rule Change Notices (RCN), as well as of misprints and omissions.
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1 REQUIREMENTS FOR POLAR CLASS SHIPS
1.1 POLAR CLASS DESCRIPTIONS AND APPLICATION

1.1.1  Application.

1.1.1.1 The requirements for polar class ships apply to ships constructed of steel and
intended for independent navigation in ice-infested polar waters.

The requirements of this Section apply to ships contracted for construction on or
after 1 July 2017.

Note. The "contracted for construction" date means the date on which the contract to build
the ship is signed between the prospective owner and the shipbuilder. For further details regarding the
date of "contracted for construction”, refer to 1.1.2, Part | "Classification".

1.1.1.2 Ships that comply with the requirements of 1.2 and 1.3 can be considered for
a polar class notation specified in Table 1.1.1.2. These requirements are additional to the RS
requirements for ships without ice class assigned. If the hull and machinery are constructed
such as to comply with the requirements of different polar classes, then both the hull and
machinery shall be assigned the lower of these classes in the Certificate of Classification.
Compliance of the hull or machinery with the requirements of a higher polar class shall also
be indicated in the Certificate of Classification in column "Other characteristics".

Table 1.1.1.2
Polar class descriptions
Polar class Ice description (based on WMO Sea Ice Nomenclature)
PC1 Year-round operation in all polar waters
PC2 Year-round operation in moderate multi-year ice conditions
PC3 Year-round operation in second-year ice which may include multi-year ice inclusions
PC4 Year-round operation in thick first-year ice which may include old ice inclusions
PC5 Year-round operation in medium first-year ice which may include old ice inclusions
PC6 Summer/autumn operation in medium first-year ice which may include old ice inclusions
PC7 Summer/autumn operation in thin first-year ice which may include old ice inclusions

1.1.1.3 Ships which are assigned a polar class notation and complying with the relevant
requirements of 1.2 and 1.3 may be given an ice class mark Icebreaker.

"Icebreaker" refers to any ship having an operational profile that includes escort or ice
management functions, having powering and dimensions that allow it to undertake aggressive
operations in ice-covered waters.

1.1.1.4 For ships which are assigned a polar class notation, the hull form and propulsion
power plant shall be such that the ship can operate independently and at continuous speed in
a representative ice condition, as defined in Table 1.1.1.2 for the corresponding polar class.

For ships and ship-shaped floating facilities which are intentionally not designed to
operate independently in ice, such operational intent or limitations shall be explicitly stated in
the Certificate of Classification.

1.1.1.5 For ships which are assigned a polar class notation PC1 to PC5, bows with
vertical sides, and bulbous bows generally shall be avoided. Bow angles shall in general be
within the range specified in 1.2.3.1.5.

1.1.1.6 For ships which are assigned a polar class notation PC6 and PC7, and are
designed with a bow with vertical sides or bulbous bows, operational limitations (restricted
from intentional ramming) in design conditions shall be stated in the Certificate
of Classification.

1.1.2 Polar Classes.

1.1.2.1 The polar class (PC) notations and descriptions are specified in Table 1.1.1.2.
It is the responsibility of the shipowner to select an appropriate polar class. The descriptions
in Table 1.1.1.2 are intended to guide shipowners, designers and Administrations in selecting
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an appropriate polar class to comply with the requirements for the ship in intended voyage or
service areas.

1.1.2.2 The polar class notation is used throughout this Section to convey the differences
between classes with respect to operational capability and strength.

1.1.3 Upper and Lower Ice Waterlines.

1.1.3.1 The upper and lower ice waterlines upon which the design of the ship has been
based shall be indicated in the Certificate of Classification. The upper ice waterline (UIWL)
shall be defined by the maximum draughts fore, amidships and aft. The lower ice waterline
(LIWL) shall be defined by the minimum draughts fore, amidships and aft.

1.1.3.2 The lower ice waterline shall be determined with due regard to the ship's
ice-going capability in the ballast loading conditions. The propeller shall be fully submerged at
the lower ice waterline.
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1.2 STRUCTURAL REQUIREMENTS FOR POLAR CLASS SHIPS

1.2.1  Application and definitions.
1.2.1.1 The requirements of this Section apply to polar class ships in compliance with 1.1.
1.2.The | 8niget ht he distance, in m, measured ho
ot he#t em at the intersection with the UIWL to th
ot hreudder stosknibfrublidslalplosnat b, | aed thbhad 86t
greater %t hah ©fe extreme | ength of the Ul WL mea:
of gthem.
1.2.Th&8 ship diGspbkatément spl acememtrreispoktdj ng
to the UIWL. Where multiple waterlines are used
shall be determined from the waterline correspo
1.2.2  Hull areas.
1.2.2.1 The hull of all polar class ships is divided into areas reflecting the magnitude
of the loads that are expected to act upon them. In the longitudinal direction, there are four
regions: bow (6), bow intermediate (6 ' midbody (0 ) and stern (Y. Besides, the bow
intermediate, midbody and stern regions are further divided in the vertical direction into
the bottom (&), lower (& and ice belt regions. The extension of ice strengthening region shall
be determined in compliance with Fig. 1.2.2.1.

ForPC1, PC2, PC3 and PC4 x=1,5m
For PC5, PC6 and PC7 x=1,0 m
with x measured from the aft end of bow region

0,04 Lur aft of WL angle = 0 degrees
ﬁ at UIWL / WL angle = 10 degrees at UIWL
[ 1 [

umL lw[;/ /
L3S o
wnt | I

max (0,7b; 0,15Lu

20m

WL angle = 0 degrees

4P WL angle = 10 degrees

b = distance from the AP to
maximum half breadth of UIWL

Fig. 1.2.2.1
Hull area extents

1.2.2.2 The UIWL and LIWL are as defined in 1.1.3.

1.2.2.3 Fig. 1.2.2.1 notwithstanding, at no time shall the boundary between the bow and
bow intermediate regions be forward of the intersection point of the line of the stem and
the ship baseline.

1224 Fig.1.221not wi t hst armdiumgl,artyheofaftthe bow regi on
t hatmd vaft of the fore side of the stem at the i)

1.2.2.5 The boundary between the bottom and lower regions shall be taken at the point
where the shell is inclined 7Afrom horizontal.
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1.2.2.6 If a ship is intended to operate astern in ice regions, the aft section of the ship
shall be designed using the bow and bow intermediate hull ice belt requirements.

1227 | f the ship is assignelre¢hbkbdrcétonvasg ma
ot het ern region shalflorbvarat olfe ashte G,ec4d i on wher e
at the Ul WL ends.

1.2.3 Designiceloads.

1.2.3.1 General.

1.2.3.1.1 A glancing impact on the bow is the design scenario for determining
the scantlings required to resist ice loads.

1.2.3.1.2 The design ice load is characterized by an average pressure 0  uniformly
distributed over a rectangular load patch of height Gand width 0 .

1.2.3.1.3 Within the bow area of all polar classes, and within the bow intermediate ice
belt area of polar classes PC6 and PC7, the ice load parameters are functions of the actual
bow shape. To determine the ice load parameters 0 , wand U, it is required to calculate
the following ice load characteristics for subregions of the bow area; shape coefficient "Q, total
glancing impact force "Q, line load 0 and pressure 0 .

1.2.3.1.4 In other ice-strengthened areas, the ice load parameters 0 , @ and
0 are determined independently of the hull shape and based on a fixed load patch
aspect ratio, 6 'Y  ofyp.

1.2.3.1.5 Design ice forces calculated according to 1.2.3.2.1.1 are applicable for bow
forms where the buttock angle g at the stem is positive and gless than 80 deg. and the normal
frame angle r aat the centre of the foremost sub-region, as defined in 1.2.3.2.1, is greater than
10 deg.

1.2.3.1.6 Design ice forces calculated according to 1.2.3.2.1.2 are applicable for ships
which are assigned the polar class PC6 or PC7 and have a bow form with vertical sides.
The requirements of 1.2.3.2.1.2 shall apply where the normal frame angles [eat
the considered sub-regions, as defined in 1.2.3.2.1, are between 0 and 10 deg.

1.2.3.1.7 For ships which are assigned the polar class PC6 or PC7, and equipped with
bulbous bows, the design ice forces on the bow shall be determined according to 1.2.3.2.1.2.
In addition, the design forces shall not be taken less than those specified in 1.2.3.2.1.1,
assumingQ Tmhpand 6 Y= 1,3.

1.2.3.1.8 For ships with bow forms other than those defined in 1.2.3.1.5 to 1.2.3.1.7,
design forces shall be determined according to the procedures approved by the Register.

1.2.3.1.9 Ship structures that are not directly subjected to ice loads may still experience
inertial loads of stowed cargo and equipment resulting from ship/ice interaction. These inertial
loads, based on accelerations determined according to the procedure approved by
the Register, shall be considered in the design of these structures.

1.2.3.2 Glancing impact load characteristics.

The parameters defining the glancing impact load characteristics are reflected in the class
factors listed in Tables 1.2.3.2-1 and 1.2.3.2-2.

Table 1.2.3.2-1
Class factors to be used for calculations according to 1.2.3.2.1.1

Polar | Crushing failure class | Flexural failure class | Load patch dimensions Displacement Longitudinal strength
class factor 6 "O factor 6 "O class factor 6 "O class factor 6 "O class factor 6 "O
PC1 17,69 68,60 2,01 250 7,46

PC2 9,89 46,80 1,75 210 5,46

PC3 6,06 21,17 1,53 180 4,17

PC4 4,50 13,48 1,42 130 3,15

PC5 3,10 9,00 1,31 70 2,50

PC6 2,40 5,49 1,17 40 2,37

PC7 1,80 4,06 1,11 22 1,81
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Table 1.2.3.2-2

Class factors to be used for calculations according to 1.2.3.2.1.2

Polar class Crushing failure class factor 6 "O Line load class factor 6 "O Pressure class factor 6 "O
PC6 3,43 2,82 0,65
PC7 2,60 2,33 0,65

1.2.3.2.1 Bow area.
In the bow area, the force "Q line load O, pressure 0 and load patch aspect ratio 6 'Y
associated with the glancing impact load scenario are functions of the hull angles measured
at the UIWL. The influence of the hull angles is captured through calculation of a bow shape
coefficient "Q. The hull angles are defined in Fig. 1.2.3.2.1.
The waterline length of the bow region shall generally be divided into 4 sub-regions
of equal length. The force "Q line load 0, pressure 0 and load patch aspect ratio 6 "Yshall be
calculated with respect to the mid-length position of each sub-region (each maximum of "Q 0
and 0 shall be used in the calculation of the ice load parameters 0 &
1.2.3.2.1.1 The bow area load characteristics are determined as follows:
shape coefficient "Q:

Q1 ETQ.NQ. NQ.

Q, mmwxmnp P,
0, pi

Q. Ty T

force "Q in MN:

mpou Qjr

plt 26 '@ O Eflee 26 "C0O ho.

O QBOO "

load patch aspect ratio 0 'Y

oY xht @OE plo

line load 0, in MN/m:

o "o sormyh

pressure 0, in MPa:

o o" gosy"

where

Q
5
®

o
r

O

60
60
60

sub-region considered;

= ship length, i h2.1M\; as
= distance, in m, from
under consideration;

waterline angle, in deg. (refer to Fig. 1.2.3.2.1);
normal frame angle, in deg., measured as per normal to the outer shell (refer

to Fig. 1.2.3.2.1);

ship

di spl acement 1.2.1i3n

t

he

kot

crushing failure class factor according to Table 1.2.3.2-1;
Flexural failure Class Factor according to Table 1.2.3.2-1;
load patch dimensions class factor according to Table 1.2.3.2-1.

,wand 0).

(1.2.3.2.1.1-1)

(1.2.3.2.1.1-2)

(1.2.3.2.1.1-3)

(1.2.3.2.1.1-4)

(1.2.3.2.1.1-5)

ined in
ore side of t

net deésasetdhan

he

5

stem

kt;
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1.2.3.2.1.2 The bow area load characteristics for bow forms defined in 1.2.3.1.6 shall be
determined according to the following formulae:
shape coefficient, "Q:

"Q 1 fom (1.2.3.2.1.2-1)
force "O in MN; §
O QB OD "; (1.2.3.2.1.2-2)
line load 0, in MN/m:
o6 "o" 80 ; (1.2.3.2.1.2-3)
pressure 0, in kPa:
0 "o" é0 (1.2.3.2.1.2-4)
where "Q = sub-region considered;
® = waterline angle, deg. (refer to Fig. 1.2.3.2.1);
(@) = ship displacement 1.213n kuft net dkésasetthan
00 = crushing failure class factor according to Table 1.2.3.2-2;
00 = line load class factor according to Table 1.2.3.2-2;
00 = pressure class factor according to Table 1.2.3.2-2.

bV

—

Waterline angle a Buttock angle y
Section A-A Section B-B

./ X
B K

Normal frame angle B’

Frame angle

Fig. 1.2.3.2.1
Definition of hull angles

Notes: 6= normal frame angle at upper ice waterline, in deg.;

1 = upper ice waterline angle, in deg.;

g= buttock angle at upper ice waterline (angle of buttock line measured from horizontal), in deg;

o  0QgOg

o® O AILO

1.2.3.2.2 Hull areas other than the bow.

In the hull areas other than the bow, the force "O . in MN, and line load 0 ,in
MN/m, used in the determination of the load patch dimensions & , 0 and design
pressure 0  are determined according to the following formulae:

O o §"00 O (1.2.3.2.2-1)
0 mp o'@” 80 (1.2.3.2.2-2)

where 67O = crushing failure class factor according to Table 1.2.3.2-1;

5

kt
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00 = ship displacement factor:
ooo " iD 60;

00 60 " mpmoO 60 i'® 0 0;
(6] = ship displacement 1.223n kut net deésasetdhan 10 kt;
60 = displacement class factor according to Table 1.2.3.2-1.

1.2.3.3 Design load patch.

In the bow area, and the bow intermediate ice belt area for ships with class notation PC6
and PC7, the design load patch has dimensions of width 0 , in m, and height, @ ,inm,
shall be determined according to the following formulae:

0 o T (1.2.3.3-1)
@ 0 70 (1.2.3.3-2)
where O maximum force "0, in kN, in the bow area according to 1.2.3.2.1;

Lj) maximum line load Q , in MN/m, in the bow area according to 1.2.3.2.1;

0 maximum pressure U, in MPa, in the bow area according to 1.2.3.2.1.
In other hull areas, the design load patch has dimensions of width, 0 , in m, and

height, @ in m, shall be determined according to the following formulae:

0 O 70 ; (1.2.3.3.2-1)
&) 0 Tohp (1.2.3.3.2-2)
where O = force, in kN, according to 1.2.3.2.2;

i} = line load, in MN/m, according to 1.2.3.2.2.

1.2.3.4 Pressure within the design load patch.
1.2.3.4.1 The average pressure U , in MPa, within a design load patch is determined

as follows:

0 A O (1.2.3.4.1)
where 'O 'O or’O as appropriate for the hull area under consideration, in MN;

O O or® as appropriate for the hull area under consideration, in m;

v 0 or0 as appropriate for the hull area under consideration, in m.

1.2.3.4.2 Areas of higher, concentrated pressure exist within the load patch. In general,
smaller areas have higher local pressures. Accordingly, the peak pressure factors listed in
Table 1.2.3.4.2 are used to account for the pressure concentration on localized structural
members.

Table 1.2.3.4.2
Peak pressure factors
Structural member Peak pressure factor 0 0 "O

Plating Transversely-framed 000 php i ph

Longitudinally-framed 000 ct pli ph
Frames in transverse framing systems With load distributing stringers 000 plp i pht

With no load distributing stringers 000 phpy i opit
Frames in bottom structures 000 plp i pht
Load carrying stringers; 0 0 "0 phrif"Y o
side longitudinals; 00 Ocm ¢mOYXifY mio
web frames

where | =frame or longitudinal spacing, in m;
"Y = web frame spacing, in m;
U =ice load patch width, in m.




Rules for the Classification and Construction of Sea-Going Ships (Part XVII)

1.2.3.5 Hull area factors.

Associated with each hull ice-strengthened areas is an area factor that reflects the relative

Hull area factors AF

magnitude of the load expected in that area. The area factors AF for each hull area are
specified in Table 1.2.3.5-1.

Table 1.2.3.5-1

Hull area Area Polar class

PC1 PC2 PC3 PC4 PC5 PC6 PC7
Bow (6) All 6 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Bow Intermediate (6 1O |lce belt 60 0,90 0,85 0,85 0,80 0,80 | 1,00* | 1,00*
Lower 60 0,70 0,65 0,65 0,60 0,55 0,55 0,50
Bottom 60 0,55 0,50 0,45 0,40 0,35 0,30 0,25
Midbody (0 ) Ice belt 0 0,70 0,65 0,55 0,55 0,50 0,45 0,45
Lower 0 0,50 0,45 0,40 0,35 0,30 0,25 0,25

Bottom 0 0,30 0,30 0,25 2 2 2 2
Stern (Y Ice belt Y 0,75 0,70 0,65 0,60 0,50 0,40 0,35
Lower Y 0,45 0,40 0,35 0,30 0,25 0,25 0,25

Bottom % 0,35 0,30 0,30 0,25 0,15 2 2

! Referto 1.2.3.1.3.

2 |ce strengthening is not required.

In the event that a structural member spans across the boundary of a hull area, the largest

hull area factor shall be used in the scantling determination of the member.

The values of hull area factors of stern ice belt Y and stern lower “Y of ships having

propulsion arrangements with azimuth thrusters are specified in Table 1.2.3.5-2.

Table 1.2.3.5-2

Hull area Area Polar class
PC1 PC2 PC3 PC4 PC5 PC6 PC7
Stern (Y Ice belt Y 0,90 0,85 0,80 0,75 0,65 0,55 0,50
Lower Y 0,60 0,55 0,50 0,45 0,40 0,40 0,40
Bottom Y 0,5 0,30 0,30 0,25 0,15 t 1

! Ice strengthening is not required.

For ships assigned the ice class mark Icebreaker, the area factor 6 "Ofor each hull area

is specified in Table 1.2.3.5-3.

Table 1.2.3.5-3

Hull area Area Polar class

PC1 PC2 PC3 PC4 PC5 PC6 PC7

Bow (6) All 6 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Bow Intermediate (6 1O |Ice belt 60 0,90 0,85 0,85 0,85 0,85 1,00 1,00
Lower 60 0,70 0,65 0,65 0,65 0,65 0,65 0,65

Bottom 60 0,55 0,50 0,45 0,45 0,45 0,45 0,45

Midbody (0 ) Ice belt 0 0,70 0,65 0,55 0,55 0,55 0,55 0,55
Lower 0 0,50 0,45 0,40 0,40 0,40 0,40 0,40

Bottom 0 0,30 0,30 0,25 0,25 0,25 0,25 0,25

Stern (Y Ice belt Y 0,95 0,90 0,80 0,80 0,80 0,80 0,80
Lower Y 0,55 0,50 0,45 0,45 0,45 0,45 0,45

Bottom Y 0,35 0,30 0,30 0,30 0,30 0,30 0,30
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1.2.4  Shell plate requirements.
1.2.4.1 The required minimum shell plate thickness 0, in mm, is determined by
the formula

o 6 0 (1.2.4.1)

plate thickness required to resist ice loads according to 1.2.4.2, in mm;

where 0
C corrosion and abrasion allowance according to 1.2.11, in mm.

(0]

1.2.4.2 The thickness of shell plating required to resist the design ice load 0 , in mm,
depends on the orientation of the framing.

In the case of transversely-framed plating (my  x 1deg.), including all bottom plating, i.e. in
hull areas 6 'Q0 and Y, the net thickness shall be determined by formula

e i .
O ovmmoAOA T Tp (Th. (1.2.4.2-1)

In the case of longitudinally-framed plating (m} ¢ Tdeg.), when b Os, the net thickness
shall be determined by formula

e h
O ummoA OO I Tp iXa. (1.2.4.2-2)

In the case of longitudinally-framed plating (M) ¢ 1deg.), when b < s, the net thickness
shall be determined by formula

o L T O A 0O K Jcani an "Tp iTca. (1.2.4.2-3)

where m = smallest angle between the chord of the waterline and the line of the main framing
according to Fig. 1.2.4.2, in deg.;
transverse frame spacing in transversely-framed ships or longitudinal frame spacing in
longitudinally-framed ships, in m;

;
l

0O =  hull area factor from Table 1.2.3.5-3;

000 = peakpressure factor from Table 1.2.3.4.2;

i} = average patch pressure according to Formula (1.2.3.4.1), in MPa;

K = minimum upper yield stress of the material, in N/mm?;

@ = height of design load patch, in m, where & & (7t in the case determined by
Formula (1.2.4.2-1);

a = distance between frame supports, i.e. equal to the frame span as given in 1.2.5.5, but

not reduced for any fitted end brackets, in m. When a load-distributing stringer is fitted,
the length dneed not be taken larger than the distance from the stringer to the most
distant frame support.

When¢ tJ m  x T det thickness of the shell plating shall be determined by linear
interpolation.
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= M7

Oblique view . Oblique view
Frames

Frames™ |
Waterline \[ 0Q=20° Q=70°

View normal to shell View normal to shell

Fig.1.2.4.2
Shell framing angle m

1.25 Framing. General.

1.2.5.1 Framing members of polar class ships shall be designed to withstand the ice
loads defined in 1.2.3.

1.2.5.2 The term "framing member" refers to transverse and longitudinal local frames,
load-carrying stringers and web frames in the hull strengthening regions (refer to Fig. 1.2.2.1).

1.2.5.3 The strength of a framing member is dependent upon the fixity that is provided
at its supports. Fixity can be assumed where framing members are either continuous through
the support or attached to a supporting section with a connection bracket. In other cases,
simple support shall be assumed unless the connection can be demonstrated to provide
significant rotational restraint. Fixity shall be ensured at the support of any framing which
terminates within an ice-strengthened area.

1.2.5.4 The intersections of framing members with plate structures shall be executed in
accordance with 3.10.2.4.5, Part Il "Hull". The details for securing the ends of framing
members at supporting sections, shall comply with 1.7.2.2 and 2.5.5, Part Il "Hull".

1.2.5.5 The effective span of a framing member shall be determined on the basis of its
moulded length. If end brackets are fitted, the effective span may be reduced in accordance
with 3.10.2.2.3, Part Il "Hull". Brackets shall be configured to ensure stability in the elastic and
post-yield response regions.

1.2.5.6 When calculating the section modulus and shear area of a framing member, net
thicknesses of the web, flange and attached shell plating shall be used. The shear area
of a framing member may include that material contained over the full depth of the member,
i.e. web area including portion of flange, if fitted, but excluding attached shell plating.

1.2.5.7 The actual net effective shear area 6 , in cm?, of a transverse or longitudinal
local frame shall be determined by formula

6 ® OBl hpnn (1.2.5.7)

where Q height of stiffener, in mm, refer to Fig. 1.2.5.7;

0 net web thickness, in mm;

0 0o 0;

0 = as built web thickness, in mm (refer to Fig. 1.2.5.7);

0 = corrosion deduction, in mm, to be subtracted from the web and flange thickness
(according to 3.10.4.1, Part Il "Hull", but not less than 0 as required by 1.2.11.3);

3 = smallest angle between shell plate and stiffener web, measured at the midspan

of the stiffener (refer to Fig. 1.2.5.7). The angle 3 may be taken as 90 deg., provided
the smallest angle is not less than 75 deg.
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Fig. 1.2.5.7
Stiffener geometry

1.2.5.8 When the cross-sectional area of the attached plate flange exceeds
the cross-sectional area of the local frame, the actual net effective plastic section modulus @ ,

in cm?, of a transverse or longitudinal frame shall be determined by formula
W 0 0fcnm — 6 QOK wAiz0Hn (1.2.5.8-1)

where Q0 ,0,and3 areasgiveninl.2.5.7andi asgivenin 1.2.4.2;

net cross-sectional area of the local frame, in cm?;

fitted net shell plate thickness, in mm, complying with &  as required by 1.2.4.2;
height of local frame web, in mm (refer to Fig. 1.2.5.7);

net cross-sectional area of local frame flange, in cm?;

height of local frame measured to centre of the flange area, in mm (refer to Fig. 1.2.5.7);
distance from mid thickness plane of local frame web to the centre of the flange area,

in mm (refer to Fig. 1.2.5.7).

1§ O i o o

When the cross-sectional area of the local frame exceeds the cross-sectional area
of the attached plate flange, the plastic neutral axis is located a distance & , in mm, above
the attached shell plate, and when the cross-sectional area of the attached plate flange
exceeds the cross-sectional area of the local frame, the actual net effective plastic section
modulus, @ , in cm?®, of a transverse or longitudinal frame is given by:

a prmat ® primm ¥co (1.2.5.8-2)

©

. (1.2.5.8-3)

» oi a — OHil o
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1.259 Incase,when¢ mJ m x @ where mis defined as specified in 1.2.4.2, linear
interpolation shall be used.

1.2.6 Framing. Local frames in bottom structures and transverse local frames in side
structures.

1.2.6.1 The local frames in bottom structures (i.e. hull regions 6 , 0 and "Y) and
transverse local frames in side structures shall be dimensioned such that the combined effects
of shear and bending do not exceed the plastic strength of the member. The plastic strength
is defined by the magnitude of midspan load that causes the development of a plastic collapse
mechanism. For bottom structure the patch load shall be applied with the dimension cwparallel
with the frame direction.

1.2.6.2 The actual net effective shear area of the frame 0 , in cm?, as defined in 1.2.5.7,
shall comply with the following condition: 0 0 , where

o) p Tt TOWD (O 6 "D 0 "D T v X AX (1.2.6.2)

c:

where length of loaded portion of span = lesser of Gand & in m;

frame span as defined in 1.2.5.5, in m;

height of design ice load patch as defined in 1.2.3.3;

transverse frame spacing, in m;

hull area factor according to 1.2.3.5;

peak pressure factor 0 0 "0r 0 0 "&s appropriate according to Table 1.2.3.4.2;
average pressure within load patch as defined in 1.2.3.4;

minimum upper yield stress of the material, in N/mm?2.

o

> C1C10: TN ga g C
Ca =
O

1.2.6.3 The actual net effective plastic section modulus of the frame with effective
flange & as defined in 1.2.5.8, shall comply with the following condition: ® & , where @
in cm?, shall be the greater calculated on the basis of two load conditions: ice load acting at
the midspan of the transverse frame; and the ice load acting near a support.

O pNEONI OAWITD  OD T v xA (1.2.6.3)
where 8" 00 ,0 Dai,dand A are as givenin 1.2.6.2;

© pzmw O FO;

0 = maximum of:

6 pfp W QW p o " p;
o p pTcd add 7 mg x vphl Q" ;
iQ p for framing with one simple support outside the ice-strengthened areas;
'‘Q ¢ for framing without any simple supports;
070 ;
= minimum shear area of transverse frame as given in 1.2.6.2, in cm?;
= effective net shear area of transverse frame (calculated according to 1.2.5.7), in cm?;
pFp ¢6 70 ,witho asgivenin1.2.5.8;
& & , in general;
if, when the frame is arranged with end bracket;
= sum of individual plastic section moduli of flange and shell plate as fitted, in cm?3;
QO © O MIpANRM
flange breadth, in mm, refer to Fig. 1.2.5.7;
net flange thickness, in mm;
0 0 (0 asgivenin 1.2.5.7);
as-built flange thickness, in mm, refer to Fig. 1.2.5.7;
the fitted net shell plate thickness, in mm (not to be less than 0  as given in 1.2.4);
effective width of shell plate flange, in mm;

(@)

L TIHT
= actual net effective plastic section modulus determined according to 1.2.5.8.

€ £1E£10 O O O £aQ 2 1F K O O Ex
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1264 The scantlings of tshe ufcrtaumeals hsalalb im6i.etty trhee
1.2.7 Framing. Longitudinal local frames in side structures.
1.2.7.1 Longitudinal local frames in side structures shall be dimensioned such
that the combined effects of shear and bending do not exceed the plastic strength
of the member. The plastic strength is defined by the magnitude of midspan load that causes
the development of a plastic collapse mechanism.
1.2.7.2 The actual net effective shear area of the longitudinal frame 6 as defined
in 1.2.5.7, shall comply with the following condition: 6 0 , where

0 pmmO Q) O A Jtvw & v XA , in cm? (1.2.7.2)
where 6 O = hull area factor according to 1.2.3.5;

000 = refertoTable1.2.3.4.2;

0 = average pressure within load patch according to 1.2.3.4;

® QG,inm;

Q0 p mioTGe

Q  ofi;

@ = height of design ice load patch according to 1.2.3.3;

i = spacing of longitudinal frames, in m;

® Op Tt 6eeinm,ifde C;

® i,inm,ifcee ¢

® = effective span of longitudinal local frame according to 1.2.5.5;

A = minimum upper yield stress of the material, in N/mm?.

1.2.7.3 The actual net effective plastic section modulus of the longitudinal frame with
effective flange w as defined in 1.2.5.8, shall comply with the following condition: & & , where

® PTITTO AW L'A WO FYK ,incm? (1.2.7.3)
where "0 00 ,®,dand A areas givenin 1.2.7.2;

6 pfc Q@ p & " p;

®» o070 ;

0 = minimum shear area for longitudinal as given in 1.2.7.2, in cm?;

0 = net effective shear area of longitudinal (calculated according to 1.2.5.7), in cm?;

Q pfp ¢O0 ¥ ,withdo asgiveninl.2.5.8.

1.2.7.4 The scantlings of the longitudinals shall meet the structural stability requirements
of 1.2.9.

1.2.8 Framing. Web frame and load-carrying stringers.

1.2.8.1 Web frames and load-carrying stringers shall be designed to withstand the ice
load patch as defined in 1.2.3. The load patch shall be applied at locations where the capacity
of these members under the combined effects of bending and shear is minimised.

1.2.8.2 Web frames and load-carrying stringers shall be dimensioned such that
the combined effects of shear and bending do not exceed the plastic strength of the member.
The plastic strength is defined by the magnitude of midspan load that causes the development
of a plastic collapse mechanism. Where the structural configuration is such that members do
not form part of a grillage system, the appropriate peak pressure factor (0 0 J3rom Table
1.2.3.4.2 shall be used. Lightening holes and cut-outs shall be accordance with 3.10.2.4.8,
Part Il "Hull".

1.2.8.3 For determination of scantlings of load-carrying stringers, web frames supporting
local frames, or web frames supporting load-carrying stringers forming part of a structural
grillage system, appropriate methods as outlined in 1.2.17 shall normally be used.

1.2.8.4 The scantlings of web frames and load-carrying stringers shall meet the structural
stability requirements of 1.2.9.
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1.2.9 Framing. Structural stability.

1.2.9.1 To prevent local buckling in the web, the ratio of web height 'Q to net web
thickness "Q of any framing member shall not exceed:
for flat bar sections:

NTQ  c wkK " (1.2.9.1-1)

for bulb, tee and angle sections:

(o Co BRI (1.2.9.1-2)
where Q = web height;
Q = net web thickness;

A minimum upper yield stress of the material, in N/mm?Z.

1.2.9.2 Framing members for which it is not practicable to meet the requirements
of 1.2.9.1 (e.g. load-carrying stringers or deep web frames) are required to have their webs
effectively stiffened. The scantlings of the web stiffeners shall ensure the structural stability
of the framing member. The minimum net web thickness for these framing members shall not
be less than determined according the following formula:

N chhydpno ATuoT T OFD (1.2.9.2)
where @ Q Ty "Gn mm;

Q = web height of stringer/web frame, in mm (refer to Fig. 1.2.9.2);

0 _

height of framing member penetrating the member under consideration (0 if no such
framing member), in mm (refer to Fig. 1.2.9.2);

&) = spacing between supporting structure oriented perpendicular to the member under
consideration, in mm (refer to Fig. 1.2.9.2);
K = minimum upper yield stress of the material, in N/mm?2.

L A1 AR "a |

Fig. 1.2.9.2
Parameter definition for web stiffening

1.2.9.3 In addition, the following shall be satisfied:

o move Ao (1.2.9.3)

where A
o}
o}

minimum upper yield stress of the material, in N/mm?;
net thickness of the web, in mm;
net thickness of the shell plate in way the framing member, in mm.
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1.2.9.4 To prevent local flange buckling of welded profiles, the following shall be
satisfied:

A the flange width @, in mm, shall not be less than five times the net thickness
of theweb o ;

.2 the flange outstand & , in mm, shall meet the following requirement:

O 0 pulk" (1.2.9.4.2)
where 0o = net thickness of flange, in mm;
K = minimum upper yield stress of the material, in N/mm?2.

1.2.10 Plated structures.

1.2.10.1 Plated structures are those stiffened plate elements in contact with the hull and
subject to ice loads. These requirements are applicable to an inboard extent which is the lesser of:

.1 web height of adjacent parallel web frame or stringer; or

.2 2,5times the depth of framing that intersects the plated structure.

1.2.10.2 The thickness of the plating and the scantlings of attached stiffeners shall be
such that the degree of end fixity necessary for the shell framing is ensured.

1.2.10.3 The stability of the plated structure shall adequately withstand the ice loads
defined in 1.2.3.

1.2.11 Corrosion/abrasion additions and steel renewal.

1.2.11.1 Effective protection against corrosion and ice-induced abrasion is recommended
for all external surfaces of the shell plating for polar class ships.

1.2.11.2 The values of corrosion/abrasion additions, 0, in mm, to be used in determining
the shell plate thickness are listed in Table 1.2.11.2.

Table 1.2.11.2
Corrosion/abrasion additions for shell plating

0,inmm
Hull area With effective protection Without effective protection
PC1to PC3 PC4 and PC5 PC6 and PC7 PC1to PC3 | PC4 and PC5 | PC6 and PC7
6,60 35 2,5 2,0 7,0 5,0 4,0
6 "0 ,"Y 2,5 2,0 2,0 5,0 4,0 3,0
0,%,6 Q0 ,"Y 2,0 2,0 2,0 4,0 3,0 2,5
1.2113Pol ar <c¢l ass ships shall have

applied to all internal structures within the ice-strengthened hull areas, including plated
members adjacent to the shell, as well as stiffener webs and flanges.

1.2.11.4 Steel renewal for ice strengthened structures is required when the gauged
thickness is lessthan 6 + 0,5 mm.

1.2.12 Materials.

1.2.12.1 Steel grades of plating for hull structures shall be determined according to
Table 1.2.12.4 and 1.2.12.5 based on the as-built thickness, the polar class and the material
class of structural members according to 1.2.12.2.

1.2.12.2 Material classes specified in Table 1.2.3.7-1, Part Il "Hull" are applicable to polar
class ships regardless of the ship's length. In addition, material classes for weather and sea
exposed structural members and for members attached to the weather and sea exposed
plating are specified in Table 1.2.12.2. Where the material classes in Table 1.2.3.7-1, Part Il
"Hull" and in Table 1.2.12.2 differ, the higher material class shall be applied.

a o nlimmum cor
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Table 1.2.12.2

Material classes for structural members of polar ships

Structural members

Material class

Shell plating within the bow and bow intermediate ice belt hull areas (6, 6 D

All weather and sea exposed secondary and primary (as defined in Table 1.2.3.7-1, Part Il "Hull")
structural members outside 0 amidships

Plating materials for stem and stern frames, rudder horn, rudder, propeller nozzle, shaft brackets, ice
skeg, ice knife and other appendages subject to ice impact loads

All inboard framing members attached to the weather and sea-exposed plating including any contiguous
inboard member within 600 mm of the shell plating

Weather-exposed plating and attached framing in cargo holds of ships which by nature of their trade have
their cargo hold hatches open during cold weather operations

All weather and sea exposed special (as defined in Table 1.2.3.7-1, Part Il "Hull") structural members
within itd  from FP

1.2.12.3 Regardless of polar class, steel grades for all shell plates situated below the level
of 0,3 m below the lower waterline (refer to Fig. 1.2.12.3) and attached framing of hull
structures and appendages shall be obtained from Table 1.2.3.7-2, Part Il "Hull" for structural

members specified in Table 1.2.12.2.

 — ) E—  C—
Steel grades according to 1.2.12.4
Steel grades according to 1.2.12.3 |
03m
Fig. 1.2.12.3
Steel grade requirements for submerged and weather exposed shell plating

Lower ice
wL

1.2.12.4 Steel grades for shell plates in the region of alternating waterlines and above
according to Fig. 1.2.12.3, and attached framing of hull structures and appendages shall be

obtained from Table 1.2.12.4.

Table 1.2.12.4

Steel grades for weather exposed plating?

Thickness & Material Class | | Material Class Il | Material Class Il
in mm "| PC1ltot & 5|PC6andt & | PCltot & 5 PC6andt & | PCltot & 3PC4andi & § PC6andt ¢ 7
MS HT MS HT MS HT MS HT MS HT MS HT MS HT
0O pTm B AH B AH B AH B AH E EH E EH B AH
pm o pu B AH B AH D DH B AH E EH E EH D DH
puv 60 ¢m D DH B AH D DH B AH E EH E EH D DH
¢mo qu D DH B AH D DH B AH E EH E EH D DH
¢v 0 om D DH B AH E EH? D DH E EH E EH E EH
om0 oul D DH B AH E EH D DH E EH E EH E EH
gu 0 tm D DH D DH E EH D DH - FH E EH E EH
Tmo tu E EH D DH E EH D DH - FH E EH E EH
T 0 v E EH D DH E EH D DH - FH - FH E EH

Notes: 1. Includes weather-exposed plating of hull structures and appendages, as well as their outboard

framing members, situated above a level of 0,3 m below the lowest ice waterline.

2. Grades D, DH are allowed for a single strake of side shell plating not more than 1,8 m wide from 0,3 m below

the lowest ice waterline.

1.2.12.5 Materials of castings shall comply with the requirements of Part Xl "Materials"

for specified design temperature.
1.2.13 Longitudinal strength.
1.2.13.1 Application.

1.2.13.1.1 A ramming impact on the bow is the design scenario for the evaluation

of the longitudinal strength of the hull.
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1.2.13.1.2 Intentional ramming shall not be considered as a design scenario for ships
which are designed with vertical or bulbous bows. Hence the longitudinal strength
requirements specified in 1.2.13 shall not be considered for ships with stem angle r equal
to or larger than 80 deg.

1.2.13.1.3 When determine design loads, ice loads shall only be combined with still water
loads. The combined stress state shall be evaluated against permissible bending and shear
stresses at different sections along the ship's length. In addition, sufficient buckling strength
shall also be verified.

1.2.13.2 Design vertical ice force at the bow.

1.2.13.2.1 The design vertical ice force at the bow "O , MN, shall be taken as:

'O | ETORNO; (1.2.13.2.1-1)
where Of mv o " DEMr 20 & "BO (1.2.13.2.1-2)
O plt O (1.2.13.2.1-3)

0 ET AAT ODAOGAIT RADAQ

1 for the case of a blunt bow fF?rm:

0 s }e)) Tp Q o¢ h ;

2 for the case of wedge bow form (4 < 80A, Q =1 and the above simplifies to:

0 0g 70 Cr "

0 = 0,016 ,inMN/m;

6 "0 = longitudinal strength class factor from Table 1.2.3.2.1;

Q = bow shape exponent which best describes the waterplane (refer to Figs. 1.2.13.2.1-1
and 1.2.13.2.1-2);

Q = 1,0 for a simple wedge bow form;

Q = 0,41t0 0,6 for a spoon bow form;

Q = 0 for a landing craft bow form;
an approximate ‘Q determined by a simple fit is acceptable;

r = stem angle to be measured between the horizontal axis and the stem tangent at
the upper ice waterline, deg. (buttock angle as per Fig.1.2.3.2.1 measured on
the centreline);

1 = waterline angle measured in way of the stem at the upper ice waterline (UIWL), in deg.
(refer to Fig. 1.2.13.2.1-1);

0 = p ¢O0j6 ;

0 = moulded breadth corresponding to the Ul WL;

0 = bow length usedw i6njcOhjé® e q ui gnefémeoirigs. 1.2.13.2.1-1
and 1.2.13.2.1-2);

(o) = ship displacement 121l3n kot 8Be Heft &tk;dni hess t ha

0 = waterl icnoer rae,seppondi ng to the Ul WL;

00 = flexural failure class factor from Table 1.2.3.2.1.

Ly y
™ y
Y =xBy/2(x/Lp)* = ix, tan(@)
A ~_
-
By/2 v Astem
i < A4
X X
Bow stem Bow stem
UIWL UIwL
Spoon bow Wedge bow

Fig. 1.2.13.2.1-1

Bow shape definition
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[— 01 i
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— \
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0
20 18 16 14 12 10 8 6 4 2 0
X
Fig. 1.2.13.2.1-2

IllTustfaetfifectofon the bagamnthape for

1.2.13.3 Design vertical shear force.
1.2.13.3.1 The design vertical ice shear force "0, in MN, along the hull girder shall be
determined by formula

0 §0 (1.2.13.3.1)

where 0 longitudinal distribution factor to be taken as follows:

for positive shear force .

= 0,0in sections 0,0 Oy OO0,6;

= —f0 T 2insections0,6<ufd <0,9;

1,0 in sections 0,9 Ol  O1,0; for negative shear force
0,0 in section &0 =0,0;

10,2560 in sections 0,0 < a0 <0,2;

70,5 in sections 0,2 Octv OO0,6;

2500 T 2insections 0,6 <0 <0,8;

0,0 in sections 0,8 OG0 O1,0;

distance from of the design section to the aft perpendicular, in m;
ship length measured on the UIWL according to 1.2.1.2.

C:g- O: Oz Oz O O O3 O Os
|

1.2.13.3.2 The applied vertical shear stresses shall be determined according to 1.6.5.1,
Part Il "Hull" by substituting the design vertical ice shear force 0 , in kN, for the design vertical
wave shear force "0, in kN.

1.2.13.4 Design vertical ice bending moment.

1.2.13.4.1 The design vertical ice bending moment 0 shall be determined by formula

O rip6 0 OEM ¢ "0 (1.2.13.4.1)

where 0
]

ship length measured on UIWL according to 1.2.1.2;
according to 1.2.13.2.1;

O design vertical ice force at the bow, in MN;
0 longitudinal distribution factor for design vertical ice bending moment to be taken as
follows:
o) Timin section 60 = 0,0;
o) cfmafd in sections 0,0 < o0 < 0,5;
) pfrtin sections 0,5 Ol 00,7;
o) cho@ child in sections 0,7 < G0 < 0,95;
o) i in section 60 = 0,95;
6  ofit @fwHd in sections 0,95 < 0 < 1,0;
6  Timin section 60 = 1,0;
@ = distance from the design section to the aft perpendicular, in m.
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Where applicable, draught dependent quantities shall be determined at the waterline
corresponding to the loading condition under consideration.

1.2.13.4.2 The applied vertical bending stress A shall be determined according
to 1.6.5.1, Part Il "Hull" by substituting the design vertical ice bending moment 0 , in kN, for
the design vertical wave bending moment. The ship still water bending moment shall be taken
as the maximum sagging moment.

1.2.13.5 Longitudinal strength criteria.

1.2.13.5.1 The strength criteria provided in Table 1.2.13.5-1 shall be satisfied. The design
stress is not to exceed the permissible stress.

Table 1.2.13.5-1
Longitudinal strength criteria

Failure mode Applied stress Permissible stress when A TA X Permissible stress when A 7A 1
Tension A sk st pk A
Shear z sk To " sttpA K Tob
Buckling A A_for plating and for web plating of stiffeners A Fplp for stiffeners
t

zZ
where A = applied vertical bending stress, in N/mm?;
z = applied vertical shear stress, in N/mm?;
A = minimum upper yield stress of the material, in N/mm?;
K = ultimate tensile strength of material, in N/'mm?;
K = critical buckling stress in compression, according to 1.6.5.3, Part Il "Hull", in N/mm?;
z = critical buckling stress in shear, according to 1.6.5.3, Part Il "Hull", in N/mm?;
s=0,8.
s = 0,6 for ships with ice class mark Icebreaker.

1.2.14 Stem and sternframe construction.

1.2.14.1 Polar class ships shall have a solid section stem made of steel. The stems and
sternframes of polar class ships and icebreakers of PC1 and PC, as well as the sternframes
of polar class PC1, PC2, PC3, PC4 and PC5 ships, shall be made of forged or cast steel.
Stems and sternframes welded of cast or forged parts are admissible.

1.2.14.2 In PC3, PC4, PC5, PC6, PC7 polar class ships and polar class icebreakers less
than PC4, a stem of combined structure (a bar with thickened plates welded thereto) or plate
structure may be used. Welding seams of the combined or plated structure stems shall be
made with full penetration in compliance with the requirements of Part XIV "Welding".

In PC6 and PC7 polar class ships stemframes of combined structure or plate structure
may be used.

1.2.14.3 In PC3, PC4, PC5, PC6, PC7 polar class ships, the stem shall be strengthened
by a centre line web having its section depth equal to hp at least (refer to Table 1.2.14.3) with
a face plate along its free edge or a longitudinal bulkhead fitted on the ship centreline, on the
entire stem length from the keel plate to the nearest deck or platform situated above the area ¢
(refer to Fig. 1.2.2.1). The thickness of this plate shall not be less than that of the brackets
according to 1.2.14.4. In all polar class icebreakers and PC1l, PC2 polar class ships,
a longitudinal bulkhead may be substituted for the centre line web.

Table 1.2.14.3

"Q,inm
PC7 PC6 PC5 PC4 PC3
0,6 0,6 1,0 1,3 1,5

1.2.14.4 Within the vertical extent defined in 1.2.14.3, the stem shall be strengthened by
horizontal webs at least 0,6 m in depth and spaced not more than 0,6 m apart. Where in line
with side stringers, the webs shall be attached to them. In stems of combined or plate type,
the webs shall be extended beyond the welded butts of the stem and shell plating.
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Above the deck or platform located higher than the upper boundary of region B,
the spacing of horizontal webs may gradually increase to 1,2 m in polar class icebreakers and
PC1, PC2, PC3 polar class ships, and to 1,5 m in ships of other polar class.

The web thickness shall be adopted not less than half the stem plate thickness according
to 1.2.14.7. The free edges of webs shall be strengthened with face plates welded to
the frames at their ends. The side stringers of the fore peak shall be connected to the webs
fitted in line with them.

In case of a full bow, vertical stiffeners may be required additionally to be fitted to the stem
plates.

1.2.14.5 Where the stern frame has an appendage (ice knife), the clearance between
the latter and the rudder plate shall not exceed 100 mm. The appendage shall be reliably
connected to the stern frame. Securing the appendage to plate structures is not permitted.

1.2.14.6 In icebreakers, the lower edge of solepiece shall be constructed with a slope
of 1:8 beginning from the propeller post.

1.2.14.7 Cross-sectional area of the stem 0 , in cm?, irrespective of configuration shall
not be less than determined by formula

5  w®QO (1.2.14.7-1)

where & = coefficient according to Table 1.2.14.7;
"Q0 = 0o ®+137ifD <5kt
QO = pm@’ ifOO5kt;
(o) = displacement of the ship, in kt;
cZ) = coefficient equal to 1,0 for polar class ships; 1,4 for icebreakers.
W = coefficient according to Table 1.2.14.7.
Table 1.2.147
@
PC7 PC6 PC5 PC4 PC3 PC2 PC1
0,54 0,54 0,66 1,02 1,25 1,40 1,55

Section modulus @ , in cm?, of the stem cross-sectional area to the axis perpendicular to
the centreline, shall be not less than determined by formula

o pld (1.2.14.7-2)

where 0 =

To be included in the design cross-sectional area of a combined or plate stem are areas
of shell plates and centreline girder or of longitudinal bulkhead on the centreline on a breadth
not exceeding ten times the thickness of relevant plates.

The plate thickness of stem plate 6, in mm, of combined or plate stem, shall be not less
than determined by formula

0 plto O T K K (1.2.14.7-3)

net thickness of outer shell according to 1.2.4.2;
transverse frame spacing, in m;
distance between the brackets, in m;

minimum upper yield stress of outer shell material, in N/mm?;
minimum upper yield stress of stem material, in N/mm?2,



Rules for the Classification and Construction of Sea-Going Ships (Part XVII)

24

1.2.15 Appendages.

1.2.15.1 All appendages shall be designed to withstand forces appropriate for the location
of their attachment to the hull structure or their position within a hull area.

1.2.15.2 Load definition and response criteria shall be determined by the Register.

1.2.16 Local details.

1.2.16.1 Hull supporting structures for equipment and machinery located in way of ice
strengthening region.

1.2.16.1.1Hull supporting structures for azimuth thrusters.

1.2.16.1.1.1 The supporting structures for azimuth thrusters shall withstand loads
transmitted to them from azimuth thrusters. Scantlings of supporting structures shall be
checked using direct calculation methods. This shall include a check that there are no stresses
exceeding the allowable stresses and a buckling strength check.

1.2.16.1.1.2 When finite element analysis is used, the design model shall include all
structures of thruster compartment including bulkheads forming its boundaries as well as
framing at least up to the first deck above the thruster compartment. The size of the model
shall be sufficient to avoid the effect of boundary conditions.

1.2.16.1.1.3 When carrying out direct calculations, the following permanent loads shall be
taken into account:

gravitational force;

buoyancy force;

maximum load determined from orientation of the thruster to the maximum angle at which
the azimuth thruster can be oriented on each side when the ship navigates at its maximum
speed;

lateral pressure calculated for all possible thruster orientations up to the maximum rotation
angle on each side when the ship navigates at its maximum speed. The design lateral pressure
is defined as the greatest pressure taken from obtained values for all possible orientations
of the azimuth thruster on each side when the ship navigates at its maximum speed. The total
force acting on the propulsion system is calculated by integrating the lateral pressure on
the external surface of the azimuth thruster;

maximum loads calculated for the crash stop of the ship obtained through inversion
of the propeller rotation;

maximum loads calculated for the crash stop of the ship obtained through a 1 8 Goation
of the pod.

1.2.16.1.1.4 Loads.

Ice loads are calculated in accordance with 6.2.2 and 6.2.3 of the Rules for Active Means
of Polar Class Ships' Steering.

1.2.16.1.1.5 Allowable stresses.

When making calculations, the following criterion shall be met:

A ply
where A = Von Mises equivalent stress, in MPa;
A @ ds 1 allowable stress, in MPa;
s = factor indicating application of steel mechanical properties determined in accordance

with 1.1.4.3, Partllg Hul | ¢ of these Rul es.
For design cases related to the crash stop of the ship, the following criterion shall be met:
A A

where A plt 4
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When models with fine mesh (size of a finite element is approximately equal
to 50 mm = 50 mm) are used for calculation, the following criteria shall be met:

A phy of i for elements not adjacent to welds;
A plo ™A I for elements adjacent to welds.

Where the criteria are not met, the A values may be assumed taking into account their
location and particulars of the design model. Such possibility is determined in each particular
case.

1.2.16.2 Structures in way of cut-outs.

The loads carried by a member in way of cut-outs shall not cause buckling. Where
necessary, the structure shall be stiffened.

1.2.17 Direct calculations.

1.2.17.1 Application.

Direct calculations shall be used for load carrying stringers and web frames forming part
of a grillage system and shall not to be utilised as an alternative to the analytical procedures
prescribed for the shell plating and local frame requirements specifiedin 1.2.4,1.2.6 and 1.2.7.

Direct calculations shall be made by the finite element method in the static nonlinear
elastoplastic design. While calculating, the nonlinear dependence between the stresses and
deformations shall be considered, if the yield stress reached.

The tensile diagram with linear hardening shall be used to describe the material
properties.

1.2.17.2 Requirements for finite element model (FEM).

3-D finite element model shall be used for calculations. The model dimensions shall be
specified so that to include web frames forming part of a grillage system in the ice
reinforcement area as given in 1.2.2, and to comply with the minimum requirements to the
finite element model as specified in Table 1.2.17.2-1.

Table 1.2.17.2-1
Minimum requirements for finite element model dimensions
Type of side structure

Boundary Double side structure | Single side structure
Fore Transverse bulkhead
Aft Transverse bulkhead
Upper Upper deck Deck, platform or double bottom, located above icebelt region
Lower Double bottom Deck, platform or double bottom, located above icebelt region

The FEM model shall represent the geometry of the hull form.

Boundary conditions for FEM model shall comply with the requirements given in
Table 1.2.17.2-2.

Structures to be modelled shall include side shell, web frames, stringers, local frames,
inner skin and attached local frames, web stiffeners and brackets.

Structural idealization shall reasonably represent the non-linear behaviour of the structure
with the following minimum requirements to be satisfied:

shell elements shall be used for representing the side shell, inner skin, web frames,
stringers, and local frames web and flange;

beam elements shall be used for representing local frames outside ice belt region;

rod elements shall be used for representing web stiffeners.
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Table 1.2.17.2-2
Boundary conditions

Location of finite element model Translational Rotational
boundaries ] ] ) J I i
Top and bottom boundaries T 3 3 3 3 3
Fore and aft boundaries 3 3 T 3 3 3
Note.3 & fixed.

Mesh size shall be selected such that the modelled structures reasonably represent
the non-linear behaviour of the structures with the following minimum requirements to be
satisfied:

it is preferable to use quadrilateral elements that are nearly square in shape, the aspect
ratio of the elements shall be kept below 1/3;

triangular elements shall be avoided as much as practical;

web of the web frames shall be divided into at least five elements;

web of the local frames shall be divided into at least three elements;

areas where high local stress or large deflections are expected could be modelled with
finer mesh, while the areas outside ice belt region could be modelled with coarser mesh.

Finite elements thickness shall be equal to the net thickness of the structure.

1.2.17.3 Acceptance criteria.

The direct calculation shall demonstrate that ultimate structural capacity of the grillage
structure, 0, in MPa, is not less than the design ice pressure within the hull area under
consideration, as specified in 1.2.3.4. The criteria shall be satisfied for representative locations
of the design load patch, as specified in 1.2.17.4.

The ultimate structural capacity of the grillage structure shall be calculated in accordance
with 1.2.17.5.

1.2.17.4 Load patch.

The design load patch specified in 1.2.3.3 shall be applied, without being combined with
any other load.

The design load patch shall be applied normal to the side shell plating.

The load patch shall be located where the bending and shear capacity of the web frame
or load carrying stringer is minimized. The minimum required locations of the design load patch
are as follows:

top edge of the load patch is in line with top boundary of the ice belt, at the central web
frame of the grillage;

bottom edge of the load patch is in line with the bottom boundary of the ice belt, at
the central web frame of the grillage;

load patch centroid is located at the midspan of the central web frame of the grillage;

| oad patch centroid iscéontcraled adadtdar mydsgasnt «

1.2.17.5 Ultimate structural capacity.

The ultimate structural capacity of the grillage shall be based on a non-linear static FEM
analysis with the gradually increasing loads. The load increment shall be sufficiently fine to
ensure the accuracy of the curve (0 ).

The analysis shall reliably capture buckling of the elements by the method agreed with
the Register.

Ultimate structural capacity 0 shall be based on pressure-deflection (0 1) curve using
modified tangent intersection method according to Fig. 1.2.17.5.



file:///G:/Vers/20200918%20AG%20Translate%20RMRS/Rules%20for%20the%20Classification%20and%20Construction%20of%20Sea-Going%20Ships,%20Part%20XVII_vers.docx%23p_1_2_17_5_fig

Rules for the Classification and Construction of Sea-Going Ships (Part XVII)

P
[  — o ’/
Py |\ N
| I \
¥ /
/
.0'1 % of span, § + 0% of span
: 7 0.1% %
i of sptin = 0,1% of span
o~ 02 % of span

)

Note. 0 8 pressure applied to the grillage structure;
1 0 maximum deflection of the web frame or load-carrying stringer in the grillage structure.

Fig. 1.2.17.5
Ultimate structural capacity calculation using tangent intersection method

1.2.17.6 Requirements for software.

FEM computation program shall be able to address the aspects of non-linear material
behaviour, structural idealization, meshing, load application and elasto-plastic calculations
according to the requirements specified in 1.2.17.16 1.2.17.5. In addition, applicable
software shall be able to address all possible computational errors.

1.2.18 Welding.

1.2.18.1 All welding within ice-strengthened areas shall be of the double continuous type.

1.2.18.2 Continuity of strength shall be ensured at all structural connections.
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1.3 REQUIREMENTS FOR MACHINERY OF POLAR CLASS SHIPS

131 Application.

The requirements of this Chapter apply to main propulsion, steering gear, emergency and
auxiliary systems essential for the safety of the ship and the crew.

The ice descriptions for polar class ships are provided in chapter 1.1.

The requirements herein are additional to those applicable for ships without an ice class
assigned.

1.3.2 General.

1.3.2.1 The documentation submitted to the Register in accordance with Section 3,
Part | "Classification" shall contain the following information with regard to the requirements
of this Chapter:

.1 details of the intended environmental operational conditions and the required ice
strengthening for the machinery, if different from ship's polar class;

.2  detailed drawings and descriptions of the main propulsion, steering, emergency and
auxiliary machinery and information on the essential main propulsion load control functions.
The descriptions shall include operational limitations;

.3 description detailing where main, emergency and auxiliary systems are located and
how they are protected to prevent problems from freezing, ice and snow accumulation and
evidence of their capability to operate in intended environmental conditions;

.4 calculations and documentation indicating compliance with the requirements of this

Chapter.

1.3.2.2 System design.

1.3.2.2.1 Systems, subject to damage by freezing, shall be drainable.

13222 Ships cR@lseCh ncl usive shall have means

sufficient shicpasoepeafatgrompeln eetrhedamage i ncl
mechanism. Sufficient ship operation means that the ship shall be able to reach safe haven
(safe location) where repairs can be undertaken. This may be achieved either by a temporary
repair at sea, or by towing, assuming assistance is available, which has to be approved by the
Register.

1.3.2.2.3 Means shall be provided to free a stuck propeller by turning it in reverse
direction. This shall also be possible for a propulsion plant intended for unidirectional rotation.

1.3.2.2.4 The propeller shall be fully submerged at the ships LIWL.

1.3.3 Materials.

Materials shall be of an approved ductile material. Ferritic nodular cast iron may be used
for parts other than bolts. For nodular cast iron an averaged impact energy value of 10 J at
testing temperature is regarded as equivalent to the Charpy V test requirements defined
below.

1.3.3.1 Materials exposed to sea water.

Materials exposed to sea water, such as propeller blades, propeller hubs and cast thruster
bodies shall have an elongation not less than 15 % on a test specimen according to
requirements of 2.2.2 of Part Xlll "Materials".

Charpy V-notch impact testing (determination of impact energy v wfor sharply-notched
specimen) shall be carried out for materials other than bronze and austenitic steel. The tests
shall be carried out on three specimens at minus 10 A C,  a raderade lereergy value shall
be not less than 20 J. However, Charpy V impact test requirements of 3.7 of Part XIll
"Materials" or 3.12 of Part Xlll "Materials" as applicable for ships with a polar class notation,
shall also be applied to ships covered by this Chapter.

1.3.3.2 Materials exposed to sea water temperature.

Charpy V-notch impact testing shall be carried out for materials other than bronze and
austenitic steel. The tests shall be carried out on three specimens at minus 10 A C,
the average energy value shall be not less than 20 J. However, the Charpy V impact test

udi

and

ng
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requirements of 3.7 of Part XIIl "Materials" as applicable for ships with a polar class notation,
shall also be applied to ships covered by this Chapter.

This requirement applies to components such as but not limited to blade bolts,
CP-mechanisms, shaft bolts, propeller shaft, strut-pod connecting bolts, etc. This requirement
does not apply to surface hardened components, such as bearings and gear teeth or sea water
cooling lines (heat exchangers, pipes, valves, fittings, etc.). For a definition of structural
boundaries exposed to sea water temperature refer to Fig. 1.2.12.3.

Materials exposed to low air temperature.

Materials of exposed machinery and foundations shall be manufactured from steel or

other approved ductile material. An average impact energy value of 20 J taken from three

1.3.3.3

Charpy V tests shall be obtained at 100AC bel ow the | owest deVign t e
impact tests are not required for bronze and austenitic steel.

This requirement does not apply to surface ha
gerd eet h. For a definition of structur al bounc
t &ig.1.2.12.3.

1.34 Definitions.

1.3.4.1 Definition of symbols.

Table 1.34.1

Symbol Unit Definition

8 m Chord length of the blade section

(:)ﬁ m Chord length of the blade section at 0,7'Y propeller radius

60 8 Controllable pitch

Q m Propeller hub external diameter (at propeller plane)

Q mm Diameter of shear pin

(0] m Propeller diameter

(@) m Limit value for the propeller diameter

00 'Y 0 Expanded blade area ratio

"0 KN g/ilgan)ximum backward bl ade force fo

O kN Ultimate blade load resulting from blade failure through plastic bending

O kN Maximum forward bladef or ce f or the shipds

O kN Ice load

O kN Maximum ice load for the ship's service life

"00 8 Fixed pitch

Q m Depth of the propeller centreline from lower ice waterline (LIWL)

O m Ice block dimension for propeller load definition

0 kgm? Equivalent mass mom.ent o_f inertia of all parts on engine side of
component under consideration

O kgm? Equivalent mass moment of inertia of the whole propulsion system

o) o} Shape parameter for Weibull distribution

0 Owd 3 Lower ice waterline

a o} Slope for S-N curve in log/log scale

0 kKNm Blade bending moment

0DO'Y ) Maximum continuous rating

£ rev/s Propeller rotational speed
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Symbol Unit Definition
& revis Nom!nal rotational propeller speed at 0 6 'Yin free running open water
conditions
0 3 Number of ice load cycles
5 5 Reference number of ice impacts per propeller revolution per a polar
class
5 5 I':'fztal number of load cycles on propeller blade for the ship's service
0 o} Reference number of loads for equivalent fatigue stress (108 cycles)
0 o} Number of propeller revolution during a milling sequence
0 A m Propeller pitch at 0.7 Y radius
0 R m Propeller pitch at 0,7 "Y radius at MCR in bollard condition
0 R m Propeller pitch at 0,7 "Y radius at MCR in free running condition
060 mm Pitch circle diameter
03 kNm Torque
0 kNm Maximum response torque amplitude as a simulation result
0 kNm Maximum engine torque
0 3 kNm Ice torque excitation for frequency domain calculations
0 kNm Friction torque in pitching mechanism, reduction of spindle torque
0 kNm Maximum torque on a propeller due to propeller-to-ice interaction
0 kKNm Electric motor peak torque
0 kNm Nominal torque at MCR in free running condition
0 0 kNm Response torque along the propeller shaft line
0 kKNm Maximum of the response torque 0 ©
0 kKNm Extreme spindle torque corresponding to the blade failure load "O
0 kKNm Maximum blade spindle torque for the ship's service life
5 KNm Vibrat_ory torque at considered component, taken from frequency
domain open water TVC
i m Blade section radius
Y m Propeller radius
Y 0 Safety factor
Y d Safety factor for fatigue
Y o} Ice strength index for blade ice force
0 m Maximum blade section thickness
Y kN Hydrodynamic propeller thrust in bollard condition
Y kN Maximum backward propeller ice thrust for the ship's service life
Y kN Maxi mum forward propeller ice t}
Y kNm Maximum torque capacity of flexible coupling
Y kNm Y at0 = 5 tldadcycles
Y kNm "Y at0 =1load cycle
Y kNm Vibratory torque amplitude at 6 = 106 load cycles
Y kN Nominal propeller thrust at MCR in free running condition
Y kN Maximum response thrust along the shaft line
Yo 6 3 Torsional vibration calculation
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Symbol Unit Definition
2% kNm Maximum range of Y  at0 = 5 4lda@cycles
@ o} Number of propeller blades
a Number of shear pins
| deg Duration of propeller blade/ice interaction expressed in rotation angle
r o} Reduction factor for fatigue; scatter and test specimen size effect
r o} Reduction factor for fatigue; variable amplitude loading effect
r o} Reduction factor for fatigue; mean stress effect
" 5 Reduction.factor for.fatigue correlating the maximum stress amplitude
to the equivalent fatigue stress for 108 stress cycles
A& MPa Proof yield strength of material at 0,2 % plastic strain
£ MPa Mean fatigue strength of blade material at 108 cycles to failure in sea
water
A MPa Equivalent fatigue ice load stress amplitude for 108 stress cycles
A MPa Characteristic fatigue strength for blade material
A MPa Reference stress, equal to A hpA 5 T A
K MPa Reference stress, equal to A - Efx A frfwA 5 i A
A MPa Maximum stress, resulting from "O or "O
A MPa Ultimate tensile strength for blade material
A 0 MPa Blade stress amplitude distribution
A MPa Maximum ice load stress amplitude at the considered location on the blade
A MPa Principal stress caused by the maximum backward propeller ice load
A MPa Principal stress caused by the maximum forward propeller ice load
A MPa Mean stress
1.3.4.2 Definition of loads.

Tab 1242

Definition Use of the load in design process

The maximum lifetime backward force on a
propellerbl ade resul ti#@-c
interacti diry,driondcylnuadmirn

Design force for strength calculation of the
propeller blade

O |that blade. Thhe df D
perpendi cuYamortdo 10i.n7
Fif.3)4.2

The maximum lifetime forward force on a
propeller blade resulting from propeller-to-
O ice interaction, including hydrodynamic loads
on that blade. The direction of the force is
perpendicular to 0,7 Y chord line

Design force for strength calculation of the
propeller blade

The maximum lifetime spindle torque on a
propellerbl ade resulti#tg@c
i nteract i dydrodynamic loadsldanr
that blade

When designing the propeller strength, the
spindle torque is automatically taken into
account because the propeller load is acting
on the blade as distributed pressure on the
leading edge or tip area
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Definition

Use of the load in design process

The maximum lifetime thrust on propeller (all
blades) resulting from propeller-to-ice
interaction. The direction of the thrust is the
propeller shaft direction and the force is
opposite to the hydrodynamic thrust

Used for estimating of the response thrust
Y.

“Y can be used as an estimate of excitation
in axial vibration calculations. However, axial
vibration calculations are not required by the
rules

The maximum lifetime thrust on propeller (all
blades) resulting from propeller-to-ice
interaction. The direction of the thrust is the
propeller shaft direction acting in the
direction of hydrodynamic thrust

Used for estimating of the response thrust
Y.

“Y can be used as an estimate of excitation
in axial vibration calculations. However, axial
vibration calculations are not required by the
rules

The maximum ice-induced torque resulting
from propeller-to-ice interaction on one
propeller blade, including hydrodynamic
loads on that blade

Used for estimating of the response torque
(0 ) along the propulsion shaft line and as
excitation for torsional vibration calculations

Ultimate blade load resulting from blade loss
through plastic bending. The force that is
needed to cause total failure of the blade so
that plastic hinge appear in the root area.
The force is acting on 0,8 'Y

Blade failure load is used to dimension the
blade bolts, pitch control mechanism,
propeller shaft, propeller shaft bearing and
trust bearing. The objective shall guarantee
that total propeller blade failure does not lead
to damage to other components

Maximum spindle torque
blade failure load

resulting from

Used to ensure pyramid strength principle for
the pitching mechanism

Maximum response torque along the | Design torque for propeller shaft line
propeller shaft line, with account for the | components

dynamic behaviour of the shaft line for ice

excitation (torsional  vibration) and

hydrodynamic mean torque on propeller

Maximum response thrust along shaft line, | Design thrust for propeller shaft line
with account for the dynamic behaviour of | components

the shaft line for ice excitation (axial
vibration) and hydrodynamic mean thrust on
propeller
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Shaft direction

3

Direction of
rotation

Fig. 1.3.4.2
Direction of the backward blade force resultant taken perpendicular to chord line at radius 0,7 °Y.
Ice contact pressure at the leading edge is shown with small arrows

1.3.5 Design ice loads.

1.3.5.1 General.

1.3.5.1.1 The present requirements cover open and ducted type propellers situated at
the stern of a ship having controllable pitch or fixed pitch blades. Ice loads on bow-mounted
propellers shall be agreed with the Register.

1.3.5.1.2 The given loads are expected, single occurrence, maximum values for
thewhol e shipbs service |ife for nor maultingfrgner at i o
directional change of rotation where applicable. These loads do not cover off-design
operational conditions, for example when a stopped propeller is dragged through ice.

1.3.5.1.3 These requirements also cover loads due to propeller ice interaction for
azimuthing and fixed thrusters with geared transmission or an integrated electric motor
("geared and podded propulsors"). However, the load models of the regulations do not include
propeller-to-ice interaction loads when ice enters the propeller of a turned azimuthing thruster
from the side (radially) or loads when ice blocks hit on the propeller hub of a pulling propeller.
Ice loads resulting from ice impacts on the body of thrusters shall be estimated on
a case-by-case basis, considering provisions of Section 6 of the Rules for Active Means
of Polar Class Ships' Steering.

1.3.5.1.4 The loads given in 1.3.5.3 are total loads including ice-induced loads and
hydrodynamic loads (unless otherwise stated) during ice interaction and shall be applied
separately (unless otherwise stated) and are intended for component strength calculations
only.

"0 is the maximum force experienced during the lifetime of the ship that bends a propeller
blade backwards when the propeller mills an ice block while rotating ahead.

"O is the maximum force experienced during the lifetime of the ship that bends a propeller
blade forwards when the propeller mills an ice block while rotating ahead.

"0 and "0 originate from different propeller-to-ice interaction phenomena, which do not act
simultaneously. Hence, they shall be applied separately.
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1.3.5.2 Polar class factors.

The dimensions of the considered design ice block are O ¢to ot
The design ice block and ice strength index "Y are used for the estimation of the propeller-
to-ice loads. Both 'O and Y are defined for each polar class in Table 1.3.5.2.

Table 1.3.5.2
Design polar-class factors
Elg':‘sf ‘ PC1 ‘ PC2 PC3 ‘ PC4 ‘ PC5 PC6 PC7
O ,inm 400 | 350 300 250 | 200 1,75 | 1,50
Y 1,20 1,10 1,10 1,10 1,10 1,00 1,00

1.3.5.3 Propeller-to-ice interaction loads.
1.3.5.3.1 Maximum backward blade force "O for open propellers.
The maximum backward blade force "0, in kN, for open propellers is equal to:

whenO O : O cxy ¢0Oh — 0O, (1.3.5.3.1-1)

whenO O : O c¢d& ¢Oht — O ho (1.3.5.3.1-2)

mpuvO M inm;

nominal rotational speed at MCR in free running open water condition_in rps, taken as
follows:

¢ ¢ for CP propellers;

¢ Thp @ for FP propellers.

where (@)
3

For ships with the additional notation Icebreaker, the above stated backward blade

force "Q@shall be multiplied by a factor of 1,1.
1.3.5.3.2 Maximum forward blade force "O for open propellers.

The maximum forward blade force "0, in kN, for open propellers is equal to:

whenO O : O cuvw0, (1.3.5.3.2-1)
whenO O : O vmHw-"0 —0, (1.3.5.3.2-2)
where O —0 .

1.3.5.3.3 Loaded area on the blade for open propellers.
Load cases 1 to 4 given in Table 1.3.5.3.3 shall be verified for both the CP and

FP propellers. In order to obtain blade ice loads for a reversing propeller, load case 5 shall
also be checked for propellers where reversing is possible.
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Loaded areas and load case definition

Table 1.3.5.3.3
for open propeller

Load .
case Force Loaded area Right handed propel!er blade seen from
behind
No.
1 O Uniform pressure applied on the back
of the blade (suction side) to an area from
0, ®ibo the tip and from the leading edge
to 0,2 times the chord length
2 "0 Uniform pressure applied on the back
of the blade (suction side) on the propeller
tparea out sYraties of 0, 9L
998
3 O Uniform pressure applied on the blade face
(pressure side) Ytothedim
and from the leading edge to 0,2 times
the chord length
4 m'Q, Uniform pressure applied on propeller face

(pressure side) on the propeller tip area
out si dreadids, 9 L
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Load Right handed propeller blade seen from
case Force Loaded area 9 propet
behind
No.
5 |mip- A @RO  Uniform pressure applied on propeller face

(pressureside)toanar e a f rYaorthe fip,
and from the trailing edge to 0,2 times
the chord length

1.3.5.3.4 Maximum backward blade force "O for ducted propellers.
The maximum backward blade force "0, in kN, for ducted propellers is equal to:

o > h
whenO O : O o0y &¢O" — O, (1.3.5.3.4-1)
. h L
whenO O : O o@¢y ¢O"P — O hoh, (1.3.5.3.4-2)
where O = 1to ,inm;
13 = nominal rotational speed at MCR in free running open water condition in rps, taken as
follows:

¢ & for CP propellers;
¢ Tthp & for FP propellers.

For ships with theebdbdgiakkenabormnet atndoedQ@backwa

shall be multiplied by a factor of 1.1.

1.3.5.3.5 Maximum forward blade force "O for ducted propellers.
The maximum forward blade force "0, in kN, for ducted propellers is equal to:

whenO O : O qqu+w-0, (1.3.5.3.5-1)
whenO O : O vnmHw—-"10 —0O, (1.3.5.3.5-2)
where O —'0 8

1.3.5.3.6 Loaded area on the blade for ducted propellers.
Load cases 1 and 3 given in Table 1.3.5.3.6 shall be verified for all propellers. In order to

obtain blade ice loads for a reversing propeller, the load case 5 shall also be covered for
propellers where reversing is possible.
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Table 1.3.5.3.6
Loaded areas and load case definition for ducted propeller

Load ,
case Force Loaded area Right handed propeller blade seen from
No behind

1 O Uniform pressure applied on the back
of the blade (suction side) to an area from
0 , "6t the tip and from the leading edge
to 0,2 times the chord length

3 O Uniform pressure applied on the blade
face (pressure sid¥d
to the tip and from the leading edge to
0,5 times the chord length

5 np- A @DRO | Uniform pressure applied on propeller face
(pressure side) t"Yoto
the tip and from the trailing edge to
0,2 times the chord length

1.3.5.3.7 Maximum blade spindle torque 0 for open and ducted propeller.

The spindle torque 0 around the axis of the blade fitting shall be calculated both for
the maximum backward blade force "O and forward blade force "O, which are applied as per
Table 1.3.5.3.3 and Table 1.3.5.3.6.

If the above method gives a value which is less than the default value given by the formula
below, in KNm, the default value shall be used.

0 . | O 0, (1.3.5.3.7-1)

where 'O - A@O$hO . (1.3.5.3.7-2)

1.3.5.3.8 Load distributions (spectra) for blade loads.

The Wetiybpuel | di stri buti cO,exprel@asbi |l,itws tlgatven
Fi &. 3. 5s.u8ed®rthe fatigue design of the blade.

0 Q (1.3.5.3.8-1)
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shape parameter of the spectrum;
number of load cycles in the spectrum, as defined in 1.3.5.3.9;
random variable for ice loads on the blade, suchas t O O

The resulting blade stress amplitude distribution is given by the following formula:

where

=1E7

Propability of exceeding for N

¥
0 A p — (1.3.5.3.8-2)
A = maximum ice load stress amplitude at the considered location on the blade, in MPa,
as given by:
A _—
Q = shape parameter for the ice force distribution to be taken as:
for open propeller "0=0,75;
for ducted propeller 0=1,0.
1E+00 =
=i 07 e oE TE 1
1E01 ==l
£.02 — !11 -= Weibull distribution/k=1 i
1.E- S ~ Weibull distribution/k=0.75
1,E-03 i S
N
1,E-04 =3 L.
- -
- b |

Fice / (Fice)max

Fig. 1.3.5.3.8
Weibull-type distribution for fatigue design

1.3.5.3.9 Number of ice loads.
The number of load cycles, 0 , used in the load spectrum per blade is given by
the following formula:

6 Qi &, (1.3.5.3.9)

where Q

coefficient defined as:

"Q =1 for centre propeller;

"Q = 2 for wing propeller;

"Q = 3 for pulling propeller, wing and centre;
coefficient defined as:

~

Q mp Q for "Q
Q my ™Q for M Q p;
O my mQ for p Q chy;
0 rp for "Q cl;
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"Q = coefficient taken equal to "Q — P

when "Q is unknown, 'Q Of¢;
0 = reference number of impacts per propeller revolution for each polar class taken according
to Table 1.3.5.3.9.

For components that are subject to loads resulting from propeller-to-ice interaction with
all the propeller blades, the number of load cycles, 6 , shall be multiplied by the number
of propeller blades, .

Table 1.3.5.3.9
Reference number of impacts

Polar class PC1 PC2 PC3 PC4 PC5 PC6 PC7
0 21181 17L%1C¢ 15181 13L%1C 11151 9490 6L1Y4O

1.3.5.4 Blade failure load for both open and ducted propellers.

1.3.5.4.1 Bending force "O .

The minimum load required resulting in blade failure through plastic bending shall be
calculated iteratively along the radius of the blade from blade root to 0,5 'Y using the following
formula with the ultimate load assumed to be acting at 0,8 Y in the weakest direction.

» h
o - £ p (1.3.5.4.1)
where "O = blade failure load, in kN;

&) = chord length of the considered blade section, in m;

001 = values as defined in Symbols taken at the cylindrical root section of the blade, i.e. at

the weakest section outside the root fillet located typically at the termination of the fillet
into the blade profile;
K etk it tA in [MPa],
where A (minimum ultimate tensile strength to be specified on the drawing) and A ;; (minimum yield
or 0,2 % proof strength to be specified on the drawing) are representative values for the blade
material.

Register may approve alternative means of failure load calculation by means
of an appropriate stress analysis reflecting the non-linear plastic material behaviour
of the actual blade. A blade is regarded as having failed, if the tip is bent by more than 10 %
of the propeller diameter.

1.3.5.4.2 Spindle torque 0

The force that causes blade failure typically reduces when moving from
the propeller centre towards the leading and trailing edges. The maximum spindle torque
occurs at a certain distance from the blade centre of rotation.

The maximum spindle torque, 0 , due to a blade failure load acting at 0,8 'Yis defined
either by an appropriate stress analysis or with the following formula:

0 -Ad iyt 5 t6 1O, (1.3.5.4.2)

where leading edge portion of the chordl engt h'Y;at 0, 8L

@

® K

0 coefficient defined by the following formula without being less than 0,3:

8 8 te

where 6 = non-dimensional parameter with account for the spindle arm equal to 0,7;
6 = non-dimensional parameter with account for the reduction of blade failure
force at the location of maximum spindle torque, taken as:

6 p Tt—

trailing edge portionY,of the chord | ength

at

0,
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Figure 1.3.5.4.2 illustrates the spindle torque values due to blade failure loads across
the whole chord length.

Location of max Location of max
blade failure load spindle torgue

Force needed to cause

the blade to fail C Spindle torque caused

] by blade failure load

05 Y
C‘TE:"E
0 L 2
0 0,25 0,5 0,75 1

-0,5

-1

Force location on chord line at 0.8 /R

Fig. 1.3.5.4.2
Force location on chord line at i 7Y. Schematic figure showing the blade failure load and the related
spindle torque when the force acts at different location on the chord line at radius 0,8 Y

1.3.5.5 Axial design loads acting on open and ducted propellers.
1.3.5.5.1 Maximum ice thrust acting on open and ducted propellers.
The maximum forward and backward ice thrusts, "Y and Y, in kN, acting on open or

ducted propellers are given by the following formula:

Y plpt O, (1.3.5.5.1-1)
Y piptTO. (1.3.5.5.1-2)

However, the attention is drawn that the load models within this Chapter do not include
propeller-to-ice interaction loads where an ice block hits the propeller hub of a pulling propeller.

1.3.5.5.2 Design thrust along the propulsion shaft line for open and ducted propellers.

The design thrust along the propeller shaft line, "Y, in kN, shall be calculated with
the following formulae. The greater value of the forward and backward directional loads shall
be taken as the design load for both directions. Factors 2,2 and 1,5 take into account
the dynamic magnification resulting from axial vibration.

In forward direction:

Y OUY cletry: (1.3.5.5.2-1)
in backward direction:

Y phivy, (1.3.5.5.2-2)

where "Y = hydrodynamic bollard thrust, in kN.
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When the hydrodynamic bollard thrust is unknown, “Yshall be taken from Table 1.3.5.5.2.

Table 1.3.5.5.2
Guidance for hydrodynamic bollard thrust values

Propeller type "\

Open 1,25°Y

CP propellers Ducted 11°Y
FP propellers driven by turbine or electrical motor Y

. . . Open 0,857Y

FP propellers driven by diesel engine Ducted 0.75 Y

1"Y & the nominal propeller thrust at MCR in the free running open water condition

For pulling type propellers, ice interaction loads on propeller hub shall be considered
in addition to the above and to be submitted to the Register for consideration.

1.3.5.6  Torsional design loads acting on open and ducted propellers.

1.3.5.6.1 Design ice torque on propellers.

The design ice torque, 0, in KNm, acting on propellers is equal to:
when'O O
. S R
L Q tp -t — teO" t0O; (1.3.5.6.1-1)
whenO 0O
~ N~ wau~h v f h ey Rt [
L phwtQ Op -tO0O't — te O" tO", (1.3.5.6.1-2)
where O = plpo ;
o) = coefficient depending on the propeller type and taken as:
o) Q for open propeller;
o) o) for ducted propeller;
o = coefficient taken as:
ko] p 1 for PC1 to PC5;
o) p tw for PC6 and PC7;
ko] = coefficient taken as:
0 p fi for PC1 to PCS5;
o) xhx for PC6 and PC7,;
3 = rotational propeller speed in bollard condition, in rps;

If unknown, £ shall be taken from Table 1.3.5.6.1.

For CP propellers, the propeller pitch 0 j shall correspond to MCR in bollard condition.
If not known, U  shall be taken as 0,7 0 ; where 0 j is the propeller pitch at MCR in free
running condition.

Table 1.3.5.6.1
Guidance for rotational propeller speed =

‘ Propeller type €
CP propellers ¢
FP propellers driven by turbine or electrical motor £

\FP propellers driven by diesel engine T &
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1.3.5.6.2 Ice torque excitation for open and ducted propellers.

The given excitations are used to estimate the maximum torque likely to be experienced
once during the service life of the ship. The following load cases are intended to reflect
the operational loads on the propulsion system when the propeller interacts with ice and
the corresponding reaction of the complete system. The ice impact and system response
cause loads in the individual shaft line components. The ice torque 0 may be taken as
a constant value in the complete speed range. When considerations at specific shaft speeds
are performed a relevant 0 may be calculated using the relevant speed.

Diesel engine plants without an elastic coupling shall be calculated at the least favourable
phase angle for ice versus engine excitation, when calculated in time domain. The engine
firing pulses shall be included in the calculations and their standard steady state harmonics
can be used. A phase angle between ice and gas force excitation does not need to be regarded
in frequency domain analysis. Misfiring does not need to be considered.

If there is a blade order resonance just above MCR speed, calculations shall cover
the rotational speeds up to 105 % of MCR speed.

Refer also to guidelines for calculations given in 1.3.5.7.

1.3.5.6.2.1 Excitation for the time domain calculation.

The propeller ice torque excitation for shaft line transient dynamic analysis (time domain)
is defined as a sequence of blade impacts which are of half sine shape and occur at the blade.
The torque due to a single blade ice impact as a function of the propeller rotation angle is then
defined as:

when 3 rotates from 0 to | plus integer revolutions:
03 61ti0 tOE}—, (1.3.5.6.2.1-1)

when 3 rotates from | to 360 plus integer revolutions:

c
N
A

(1.3.5.6.2.1-2)

rotation angle, in deg, starting when the first ice impact occurs;

parameter given in Table 1.3.5.6.2.1;

duration of propeller blade/ice interaction expressed in propeller rotation angle, given in
Table 1.3.5.6.2.1, in deg.

(@]
I omnn

The total ice torque is obtained by summing the torque of single blades, with account for
the phase shift o @7 in deg.

At the beginning and at the end of the milling sequence (within calculated duration), linear
ramp functions shall be used to increase 6 to its maximum within one propeller revolution and
vice versa to decrease it to zero.

The number of propeller revolutions during a milling sequence shall be obtained from
the formula:

0 ¢cto , (1.3.5.6.2.1-3)
with &t 0 = number of impacts for blade order excitation.

An illustration of all excitation cases for different blade numbers is given in the Appendix.
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The dynamic simulation shall be performed for all excitation cases starting at MCR
nominal, MCR bollard condition and just above all resonance speeds (1% engine and 1% blade
harmonic), so that the resonant vibration responses can be obtained. For a fixed pitch
propeller plant the dynamic simulation is also to cover bollard pull condition with
a corresponding speed assuming maximum possible output of the engine.

If a speed drop occurs down to stand still of the main engine, it indicates that the engine
may not be sufficiently powered for the intended service task. For the consideration of loads,
the maximum occurring torque during the speed drop process shall be applied. The excitation
shall follow the shaft speed, if a speed drop occurs.

Table 1.3.5.6.2.1
Ice impact magnification and duration factors for different blade numbers

Tqrqqe Propeller-to-ice interaction 6 - - 1.1n de"g -
excitation O o T v &9
Case 1 Single ice block 0,75 90 920 72 60
Case 2 Single ice block 1,00 135 135 135 135
Case 3 Two ice blocks | 0,50 45 45 36 30

(phaseshift3 6 0/ ( 2L Z)
Case 4 Single ice block 0,50 45 45 36 30

1.3.5.6.2.2 Frequency domain excitation.

For frequency domain calculations the following torque excitation, 0 3 , may be used.
The excitation has been derived so that the time domain half sine impact sequences have
been assumed to be continuous and the Fourier series components for blade order and twice
the blade order components have been derived. The frequency domain analysis is generally
considered as conservative compared to the time domain simulation provided there is a first
blade order resonance in the considered speed range.

0 « 0 6y 6,t0EdtOts 4, 06, t0EJtotais 1. , (1.3.5.6.2.2-1)
where 0 = mean torque component given in Table 1.3.5.6.2.2;

0 = first blade order excitation amplitude given in Table 1.3.5.6.2.2;

0 = second blade order excitation amplitude given in Table 1.3.5.6.2.2;

3 = rotation angle, in deg;

1 ,1 = phase angles of excitation component given in Table 1.3.5.6.2.2;

® = number of blades.

Torsional vibration responses shall be calculated for all excitation cases.

The results of the relevant excitation cases at the most critical rotational speeds shall be
used in the following way:

The highest response torque (between the various lumped masses in the system) is in
the following referred to as peak torque 0

The highest torque amplitude during a sequence of impacts shall be determined as half
of the range from max to min torque and is referred to as 0 , that can be determined,
in KNm, by the following formula:

0 . (1.3.5.6.2.2-2)

An illustration of 0 is given in Fig. 1.3.5.6.2.2.



Rules for the Classification and Construction of Sea-Going Ships (Part XVII)

44
Torque
................................. Peak torque
[\
"'L" \
: | A
A | A
L adinn e 1
....... "....V‘. “!];i.'lp'q‘l I Ave(age torque
J f v V U t‘u / n
AR :__ + ‘_ _______ U___ _‘"__f
) L} | Y M"| !"u
el 1117
v d
Time
Fig. 1.3.5.6.2.2

Interpretation of different torques in a measured curve, as example

Table 1.3.5.6.2.2
Coefficients for simplified excitation torque estimation

No. of Excitation - - v .

blades, ® Case 0 0 1 0 1 0
1 0,3750 0,375 -90 0,0000 0 1

3 2 0,7000 0,330 -90 0,0500 -45 1

3 0,2500 0,250 -90 0,0000 0 2

4 0,2000 0,250 0 0,0500 -90 1

1 0,4500 0,360 -90 0,0600 -90 1

4 2 0,9375 0,000 -90 0,0625 -90 1

3 0,2500 0,251 -90 0,0000 0 2

4 0,2000 0,250 0 0,0500 -90 1

1 0,4500 0,360 -90 0,0600 -90 1

5 2 1,1900 0,170 -90 0,0200 -90 1

3 0,3000 0,250 -90 0,0480 -90 2

4 0,2000 0,250 0 0,0500 -90 1

1 0,4500 0,375 -90 0,0500 -90 1

6 2 1,4350 0,100 -90 0,0000 0 1

3 0,3000 0,250 -90 0,0480 -90 2

4 0,2000 0,250 0 0,0500 -90 1

1.3.5.6.3 Design torque along shaft line.

1.3.5.6.3.1If there is no relevant first order propeller torsional resonance in
the range 20 % of ¢ above and 20 % below the maximum operating speed in bollard
condition ( r etb Bable 1.3.56.1.) , t he f onlalt o winng fedthie maxi mum r e
0, i n canNewsed to calculate the design torque along the propeller shaft line:

For directly coupled two stroke diesel engines without flexible coupling:

0 O 0 0 t- (1.3.5.6.3.1-1)

for all other plants:
0 O 0 t- (1.3.5.6.2.2-2)
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where O = equivalent mass moment of inertia of al | part
consideration;
o = equivalent mass moment of inertia of the whole propulsion system;
8] = maximum torque, in KNm.
Ij 0 ,js not known, it shall be taken as follows: B
0 =0 for propellers driven by electric motor, where 0 is the electric motor peak
B B torque, in kNm,
v =u for CP propellers not driven by electric motor,
v =0 for FP propellers driven by turbine,
i} =0,750 for FP propellers driven by diesel engine.
All the torques and the inertia moments shall be reduced to the rotation speed
of the component being examined.
1.3.5.6.3.2 If there is a first blade order torsional resonance in the range 20 % of ¢ above
and 20 % below the maximum operating speed (bollard condition), the design torque 0
of the shaft component shall be determined by means of a dynamic torsional vibration analysis
of the entire propulsion line in the time domain or alternatively in the frequency domain.
ltisthenassumed that the plant is rsmffdli copetdtyi dresii

speed range.

1.3.5.7 Guideline for torsional vibration calculation.

The aim of torsional vibration calculations is to estimate the torsional loads for individual
shaft line components over the life time in order to determine scantlings for safe operation.
The model can be taken from the normal lumped mass elastic torsional vibration model
(frequency domain) including the damping. Standard harmonics may be used to consider
the gas forces. The engine torque - speed curve of the actual plant shall be applied.

For time domain analysis the model shall include the ice excitation at propeller, the mean
torques provided by the prime mover and the hydrodynamic mean torque produced by
the propeller as well as any other relevant excitations. The calculations shall cover
the variation of phase between the ice excitation and prime mover excitation. This is extremely
relevant for propulsion lines with direct driven combustion engines.

For frequency domain calculations the load shall be estimated as a Fourier component
analysis of the continuous sequence of half sine load peaks. The first and second order blade
components shall be used for excitation. The calculation shall cover the whole relevant shaft
speed range. The analysis of the responses at the relevant torsional vibration resonances
may be performed for open water (without ice excitation) and ice excitation separately.
The resulting maximum torque can be obtained for directly coupled plants by the following
superposition:

0 0 0 0 , kNm, (1.3.5.7)
where l:) = the maximum engine torque at considered rotational speed,;
] = is the maximum open water response of engine excitation at considered shaft speed

and determined by frequency domain analysis;

[e]
1

is the ctalrcqwleatuesd ng frequency domain analysis

iceexcitati dmreeassuddilng in the maxi mum response t

1.3.6 Design.

1.3.6.1 Design principle.

The propulsion line shall be designed according to the pyramid strength principle in terms
of its strength. This means that the loss of the propeller blade shall not cause any significant
damage to other propeller shaft line components.

The propulsion line components shall withstand maximum and fatigue operational loads
with the relevant safety margin. The loads do not need to be considered for shaft alignment or
other calculations of normal operational conditions.
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1.3.6.2 Fatigue design in general.

The design loads shall be based on the ice excitation and where necessary (shafting)
dynamic analysis, described as a sequence of blade impacts (refer to 1.3.5.6.2.1). The shaft
response torque shall be determined according to 1.3.5.6.3.

The propulsion line components shall be designed so as to prevent accumulated fatigue
failure when considering the relevant loads using the linear elastic Miner's rule as defined
below:

0O B — p (1.3.6.2)
where 'O = Miner's damage sum;
"Q = number of stress levels;

O
Q
0 number of load cycles to failure of the individual stress level class, ‘Grom 1 to Q

€ accumulated number of load cycles of the case under consideration, per class, Cirom 1 to Q

Note. The stress distribution shall be divided into a frequency load spectrum having min. 10
stress blocks (every 10 % of the load). The maximum allowable load is limited to A for propeller

blades and yield strength for all other components. The load distribution (spectrum) shall be
in accordance with the Weibull distribution.

1.3.6.3 Propeller blades.

1.3.6.3.1 Calculation of blade stresses due to static loads.

The blade stresses, i.e. equivalent and principal stresses, shall be calculated for
the design loads given in 1.3.5.3. Finite element analysis (FEA) shall be used for stress
analysis as part of the final approval for all propeller blades.

The von Mises stresses, £; y in MPa, shall comply with acceptability criterion given
in 1.3.6.3.2.

Alternatively, the following simplified equation can be used in estimating the blade
stresses for all propellers in the root area (i Y  riv) for final approval:

Ai 5 6 t—i (1.3.6.3.1)
where 6 = ratio between the actual stress and the one obtained from beam theory. If 6 is not
available, 6 ply;
0 = bending moment applied on the blade taken equal to:
0 iy v - Yt Qfor relative radius i 7Y v,

where O - A @NO.

1.3.6.3.2 Acceptability criterion for static loads.
The following criterion for calculated blade stresses shall be fulfilled:

A (1.3.6.3.2)

F] 1
where A = calculated stress for the design loads, in MPa.

I'f finiamaly®imgnits used in estimating the stre:
1.3.6.3.3 Fatigue design of propeller blade.
1.3.6.3.3.1 General.
For materials with a two slope S-N curve (refer to Fig. 1.3.6.3.3.1-1), the fatigue
calculations defined in this rule are not required if the following criterion is fulfilled:
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A 0 tA t11ic , (1.3.6.3.3.1-1)
where 0 ,0 ,0 = coefficients defined according to Table 1.3.6.3.3.1:
Table 1.3.6.3.3.1

Coefficient Open propeller Ducted propeller

B1 0,00328 0,00223

B> 1,0076 1,0071

Bs 2,101 2,471

Where the above criterion is not fulfilled the fatigue requirements defined below shall be
applied:

the fatigue design of the propeller blade is based on an estimated load distribution for
the service life of the ship and the S-N curve for the blade material;

an equivalent stress A  that produces the same fatigue damage as the expected load
distribution shall be calculated according to Miner's rule;

the acceptability criterion for fatigue shall be fulfilled as given in this requirement;

the equivalent stress is normalised for 108 cycles.

The blade stresses at various selected load levels for fatigue analysis shall be taken
proportional to the stresses calculated for maximum loads given in 1.3.5.3.

The peak principal stresses A and A are determined from "O and "O using FEA.

The peak stress range YA, in MPa, is given by the following formula:
YK C K A sk S (1.3.6.3.3.1-2)
where YA peak stress range, in MPa;

A maxi mum stress amplitudé,e ibmrsVMBa,ofdeétoardmicmesecdsonl

The load spectrum for backward loads is normally expected to have a lower number of
cycles than the load spectrum for forward loads. Taking this into account in a fatigue analysis
introduces complications that are not justified considering all uncertainties involved.

For the calculation of equivalent stress, two types of S-N curves are available:

two slope S-N curve (slopes 4.5 and 10), refer to Fig. 1.3.6.3.3.1-1;

one slope S-N curve (the slope can be chosen), refer to Fig. 1.3.6.3.3.1-2.

The type of the S-N-curve shall be selected to correspond with the material properties
of the blade. If the S-N-curve is not known the two slope S-N curve shall be used.
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Constant-slope S-N curve
1.3.6.3.3.2 Equivalent fatigue stress.

The equivalent fatigue stress, in MPa, for 108 cycles which produces the same fatigue
damage as the load distribution is given by the following formula:

A m A , (1.3.6.3.3.2-1)

where A = value of the principal stress amplitudes resulting from design forward

and backward blade forces at the location being studied, in MPa, taken equal to:

A v A A
In the calculation of A , case 1 and case 3 or case 2 and case 4 are considered
as pairs for A and A calculations. Case 5 is excluded from

the fatigue analysis.

A = principal stress resulting from forward load, in MPa;
A = principal stress resulting from backward load, in MPa.
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parameter related to S-N curve, taken as follows:

1 for two-slope S-N curve:

the error of the following method to determine mis sufficiently small, if the number of load
cycles0 iswithintherangev pm 0O p T

parameter mrelates the maximum ice load to the distribution of ice loads according to
the regression formula:

M =

m 6fK tA i1 (1.3.6.3.3.2-2)
A = blade material fatigue strength at 102 load cycles, in MPa, given as:

A r fr tr tr TA (refelr.3. 6 fo3. 3t Be
t hfeor mul a) ;

where

6,6,6,0 = coefficients given in Table 1.3.6.3.3.2-1;
2 for constant-slope S-N curve:
for materials with a constant-slope S-N curve mshall be calculated from the following
formula:
. T,
m  ot— I 10 T, (1.3.6.3.3.2-3)
where Q  =shape parameter of ~the Weibull distribution:
for ducted propellers~: Q ph
for open propellers: 'Q T1ix v
0 =number of load cycles to be taken betweenuv p mandp T
0 =reference number of load cycles, 0 p T

"C= parameter defined in Table 1.3.6.3.3.2-2. Linear interpolation may be
used to calculate the value of "Ofor intermediate values of & FQratios.

Table 1.3.6.3.3.2-1

parameters

Coefficients ¢, F, F,and r

0 o} 0 0
Open propeller 0,000747 0,0645 10,0565 2,220
Ducted propeller 0,000534 0,0533 10,0459 2,584

Table 1.3.6.3.3.2-2
1 parameter as a function of O ¥

arQ 3 3,5 4 4,5 5 5,5 6 6,5
"0 6 11,6 24 52,3 120 287,9 720 1871
arQ 7 7,5 8 8,5 9 9.5 10
ko) 5040 @ 14034 | 40320 @ 119292 @ 362880 1, 138 3,628

Note. A more general method of determining the equivalent fatigue stress of propeller blades is
described in 1.3.6.5, where the principal stresses are considered according to 1.3.5.3 using
p m,7both methods deliver the same result.

the Mi

Therefore, they are regarded as equivalent.

1.3.6.3.3.3
The equivalent fatigue stress, A

the following acceptability criterion:

A

where

h 1

> >
I n

n eruled Bor a total number of load blocks £

Acceptability criterion for fatigue.
, in MPa, at all locations on the blade shall fulfil

(1.3.6.3.3.3)

fatigue strength, in MPa, corresponding to the fatigue limit at 108 load cycles;
blade material fatigue strength at 108 load cycles, in MPa, given as:

u








































































































































































































































































































































































































































































