Rudder Horns and Rudders

Object of Amendment
Rules for the Survey and Construction of Steel Ships Part C
Guidance for the Survey and Construction of Steel Ships Parts C and CS
Guidance for the Survey and Construction of Inland Waterway Ships

Reason for Amendment
IACS Unified Requirement (UR) S10 stipulates requirements for rudders, sole pieces and
rudder horns, and these requirements have already been incorporated into Part C, Part CS
and other parts of the NK Rules.

IACS recently reviewed certain requirements of the UR and amended requirement related
to rudder horns and rudder trunks as a result. The amended requirements were then adopted
as UR S10 (Rev.8) in September 2025.

Accordingly, relevant requirements are amended based on UR S10 (Rev.8).

Outline of the Amendment

The main details of this amendment are as follows:

(1) Amends the calculation method for the sectional areas of rudder horns used in the
formulae for evaluating the torsional stress acting on each section and for determining
the torsional stiffness factor of the rudder horns.

(2) Amends the reference waterline used for the installation positions of sealing devices
on rudder carriers.

(3) Amends various figures and symbols for clarification purposes.

Effective Date and Application
This amendment applies to ships for which the date of contract for construction is on or
after 1 January 2027. This includes those ships to which Part C of the Rules for the Survey
and Construction of Steel Ships applied prior to its comprehensive revision.

An asterisk (*) after the title of a requirement ID:DH25-14
indicates that there is also relevant information in
the corresponding Guidance.
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

RULES FOR THE SURVEY AND
CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND
EQUIPMENT

Part 1 GENERAL HULL REQUIREMENTS

Chapter 11 STRUCTURES OUTSIDE CARGO

REGION
11.5 Stern Construction

11.5.1 Stern Frames

11.5.1.5 Rudder Horns*

1  The scantlings of each cross section of the rudder
horn are to be determined by the following formulae (1) to
(3), considering the bending moment, shear force and torque
acting on the rudder horn when the rudder force specified in
13.2.2 is applied to the rudder.

((1) to (2) are omitted.)

(3) At no section within the height of the rudder horn,
the equivalent stress is not to exceed
120/K,p, (N/mm?). The equivalent stress o, is to be
obtained from the following formulae:

0, =0p2 + 3(T2 + 1,2) (N/mm?)

RULES FOR THE SURVEY AND
CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND
EQUIPMENT

Part 1 GENERAL HULL REQUIREMENTS

Chapter 11 STRUCTURES OUTSIDE CARGO

REGION
11.5 Stern Construction

11.5.1 Stern Frames

11.5.1.5 Rudder Horns*

1  The scantlings of each cross section of the rudder
horn are to be determined by the following formulae (1) to
(3), considering the bending moment, shear force and torque
acting on the rudder horn when the rudder force specified in
13.2.2 is applied to the rudder.

((1) to (2) are omitted.)

(3) At no section within the height of the rudder horn,
the equivalent stress is not to exceed
120/K,p, (N/mm?). The equivalent stress o, is to be
obtained from the following formulae:

0o = \JOp% + 3(T% + 1:2) (N/mm?)
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended |

Original

Remarks

Bending stress, shear stress and
torsional stress acting on the rudder
horn, respectively, as obtained
from the following formulae:

(N/mm?)

0p, T and T;:

Bending stress: g3, =

B

xX—gr
(N/mm?)
10007,

2At—grth—gr
M and B: As specified in (1) and (2) above.
Ty,: Torsional moment, as deemed appropriate
by the Society.

Ai_gr: Area (mm?) enclosed by a dotted line in
Fig. 11.5.1-4. This area is calculated as
the mean of areas enclosed by the outer
and inner boundaries of the thin-walled
section of rudder horn at the considered
cross-section.

th—gr: Plate thickness (mm) of the rudder horn
Zy—gr: As specified in (1).
Ap_gr: As specified in (2).

5 The connection to the hull structure is to be in
accordance with the following (1) to (7).

(1) The rudder horn plating is to be effectively
connected to the aft ship structure, e.g. by
connecting the plating to the side shell of the hull
and transverse or longitudinal girders, in order to
achieve a proper transmission of force. (See Fig.
11.5.1-5)

Brackets or stringers are to be fitted internally in the
horn, in line with the outside shell plate (See Fig.

Shear stress: T =
h—gr

Torsional stress: 7, = (N/mm?)

2

Bending stress, shear stress and
torsional stress acting on the rudder
horn, respectively, as obtained
from the following formulae:

(N/mm?)

0p, T and T;:

Bending stress: g3, =
x—gr

(N/mm?)
h—gr
10007,

2At—grth—gr
M and B: As specified in (1) and (2) above.
Ty,: Torsional moment, as deemed appropriate
by the Society.
Ai_gr: Area (mm’) in_the horizontal section
enclosed by the rudder horn
th—gr: Plate thickness (mm) of the rudder horn

Shear stress: 7 =

Torsional stress: 7, = (N/mm?)

Zy_gr: As specified in (1).
Ap_gr: As specified in (2).

5 The connection to the hull structure is to be in
accordance with the following (1) to (7).

(1) The rudder horn plating is to be effectively
connected to the aft ship structure, e.g. by
connecting the plating to the side shell of the hull
and transverse or longitudinal girders, in order to
achieve a proper transmission of force. (See Fig.
11.5.1-4)

Brackets or stringers are to be fitted internally in the
horn, in line with the outside shell plate (See Fig.

2

Amendment (1)
IACS UR S10(Rev.8)
9.2.1

Reference correction

Reference correction
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

3)
“4)

®)
(6)

(7

11.5.1-5), except in cases where not practicable.
Transverse webs of the rudder horn are to be led into
the hull up to the next deck in a sufficient number.
Strengthened plate floors are to be fitted in line with
the transverse webs of the rudder horn to achieve
sufficient connection with the hull.

The centre line bulkhead (wash bulkhead) in the
after peak is to be connected to the rudder horn.
Scallops are to be avoided in way of the connection
between transverse webs and the shell plating. (See
Fig. 11.5.1-5)

The weld at the connection between the rudder horn
plating and the shell plating is to be full penetration.
The welding radius is to be as large as practicable
and may be obtained by grinding. (See Fig. 11.5.1-5)

€)
(4)

)
(6)

(7

11.5.1-4), except in cases where not practicable.
Transverse webs of the rudder horn are to be led into
the hull up to the next deck in a sufficient number.
Strengthened plate floors are to be fitted in line with
the transverse webs of the rudder horn to achieve
sufficient connection with the hull.

The centre line bulkhead (wash bulkhead) in the
after peak is to be connected to the rudder horn.
Scallops are to be avoided in way of the connection
between transverse webs and the shell plating. (See
Fig. 11.5.1-4)

The weld at the connection between the rudder horn
plating and the shell plating is to be full penetration.
The welding radius is to be as large as practicable
and may be obtained by grinding. (See Fig. 11.5.1-4)

Fig. 11.5.1-4 Cross-sectional View of Thin-walled Section of Rudder Horn

wdd ddd bl ddddko....
/

Reference correction

Reference correction

(Newly added)

Add a figure to clarify
the definition of the
sectional areas of rudder
horns.
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

Fig. 11.5.1-54 Connection of Rudder Horn and Hull

\ L/

Position where a scallop is to
be avoided. (Example) \ i

- #

/
[}

Welding Radius

.

Welding Radius

11.5.1.8 Rudder Trunk
2 The material, welding, and connection to the hull are
to be in accordance with the following (1) to (4).

((1) and (2) are omitted.)

(3) For rudder trunks extending below shell or skeg, the
fillet shoulder radius r (mm) (See Fig. 11.5.1-6) is
to be as large as practicable and to comply with the
following formula:

r =0.1d; /Ky

However, this value is not to be less than:
When ¢ > 40/K; N/mm?> r =60 mm
When o < 40/K; N/mm?> v =30 mm

d;: Diameter of the rudder stock defined in
13.2.5.2.

o: Bending stress (N/mm?) of the rudder trunk

Kp: Material factor for the rudder trunk as given

in 13.2.1.2.
The fillet radius may be obtained by grinding. If disk
grinding is carried out, score marks are to be avoided

11.5.1.8 Rudder Trunk
2 The material, welding, and connection to the hull are
to be in accordance with the following (1) to (4).

((1) and (2) are omitted.)

(3) For rudder trunks extending below shell or skeg, the
fillet shoulder radius r (mm) (See Fig. 11.5.1-5) is
to be as large as practicable and to comply with the
following formula:

r = 0.1d; /Ky

However, this value is not to be less than:
When ¢ > 40/K; N/mm*> v =60 mm
When o < 40/K; N/mm?> v =30 mm

d;: Diameter of the rudder stock defined in
13.2.5.2.

o: Bending stress (N/mm?) of the rudder trunk

Kr: Material factor for the rudder trunk as given

in 13.2.1.2.
The fillet radius may be obtained by grinding. If disk
grinding is carried out, score marks are to be avoided

Figure number
adjustment

Reference correction
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended |

Original

Remarks

in the direction of welding. The fillet radius is to be
checked with a template for accuracy. At least four
profiles are to be checked. A report is to be
submitted to the Surveyor.

(4)  (Omitted)

Fig. 11.5.1-6 Fillet Radius of Fillet Weld

W

| Position to consider the radius
| )

Posm on to consider the radius

g2

Chapter 13 RUDDERS

13.2 Rudders

13.2.11 Rudder Accessories

13.2.11.1 Rudder Carriers*

1  Suitable rudder carriers are to be provided according
to the form and the weight of the rudder, and care is to be
taken to provide efficient lubrication at the support.

2 In rudder trunks which are open to the sea, a seal or
stuffing box is to be fitted above the waterline at scantling
draught (without trim) to prevent water from entering the

in the direction of welding. The fillet radius is to be
checked with a template for accuracy. At least four
profiles are to be checked. A report is to be
submitted to the Surveyor.

(4)  (Omitted)

Fig. 11.5.1-5 Fillet Radius of Fillet Weld

ey 0 4o

Position to consider the radius

Position to consider the radius

Chapter 13 RUDDERS

13.2 Rudders

13.2.11 Rudder Accessories

13.2.11.1 Rudder Carriers*

1  Suitable rudder carriers are to be provided according
to the form and the weight of the rudder, and care is to be
taken to provide efficient lubrication at the support.

2 In rudder trunks which are open to the sea, a seal or
stuffing box is to be fitted above the deepest load waterline
to prevent water from entering the steering gear compartment

Figure number
adjustment

Amendment (2)
IACS UR S10(Rev.8)
1.2.3
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

steering gear compartment and the lubricant from being
washed away from the rudder carrier. If the top of the rudder
trunk is below the waterline at scantling draught (without
trim), two separate watertight seals or stuffing boxes are to
be provided.

and the lubricant from being washed away from the rudder
carrier. If the top of the rudder trunk is below the waterline at
scantling draught (without trim), two separate watertight
seals or stuffing boxes are to be provided.
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

GUIDANCE FOR THE SURVEY AND
CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND
EQUIPMENT

Part 1 GENERAL HULL REQUIREMENTS

C11 STRUCTURES OUTSIDE CARGO
REGION

C11.5 Stern Structure

C11.5.1 Stern

C11.5.1.5 Rudder Horn
In the application of 11.5.1.5, Part C of the Rules,
the bending moment, shear force, torque, and stresses to be
considered are to be obtained by the direct calculation or the
simple calculation method. Data used in the direct
calculation are to be in accordance with C13.2.4. The simple
calculation method is to be according to the following (1)
and (2).
(1)  Rudder horn with single-point elastic support
(a) The bending moment M of the cross section
under consideration is to be as obtained from the
following equation (See Fig. C11.5.1-1):

GUIDANCE FOR THE SURVEY AND
CONSTRUCTION OF STEEL SHIPS

Part C HULL CONSTRUCTION AND
EQUIPMENT

Part 1 GENERAL HULL REQUIREMENTS

C11  STRUCTURES OUTSIDE CARGO
REGION

C11.5 Stern Structure

C11.5.1 Stern

C11.5.1.5 Rudder Horn
In the application of 11.5.1.5, Part C of the Rules,
the bending moment, shear force, torque, and stresses to be
considered are to be obtained by the direct calculation or the
simple calculation method. Data used in the direct
calculation are to be in accordance with C13.2.4. The simple
calculation method is to be according to the following (1)
and (2).
(1)  Rudder horn with single point elastic support
(a) The bending moment M of the cross section
under consideration is to be as obtained from the
following equation (See Fig. C11.5.1-1):
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended |

Original

Remarks

M =Bz (Mg, = Bd X 1073) (N-m)
B: Supporting force (N) of the pintle bearing
obtained by 13.2.4, Part C of the Rules.

(b) The torsional moment Tj of the cross section
under consideration is to be as obtained from the
following equation (See Fig. C11.5.1-1):

T, = Be(z) (N-m)
(2) Rudder horn with two-point elastic support

(a) Bending moment

The bending moment (N-m) acting on the general

cross section of the rudder horn is to be as obtained

from the following equations:
i) Between the upper and lower supports of
the rudder horn

M =Fyz

i1) Above the upper support of the rudder horn

M = Fy z + Fjp(z — dpp, X 1073)

F41:Supporting force (N) at the lower
support of the rudder horn, which is B,
in Fig. C13.2.4-8.

F4,:Supporting force (N) at the lower
support of the rudder horn (N), which is
B, in Fig. C13.2.4-8.

z: Distance specified (m) in Fig.
C11.5.1-2, which is to be less than the
distance d (mm) specified in the
drawing.

dy,: Distance (mm) between the bottom
bearing and upper bearing of the rudder
horn (d;,, = d — A in Fig. C13.2.4-8).

(b) Shear force

The shear force B (N) acting on the general cross

)

M =Bz (M, = Bd X 1073) (N-m)
B: Supporting force (V) of the pintle bearing
obtained by 13.2.4, Part C of the Rules.

(b) The torsional moment Tj of the cross section
under consideration is to be as obtained from the
following equation (See Fig. C11.5.1-1):

T, = Bc(z) (N-m)

Rudder horn with two-point elastic support

(a) Bending moment

The bending moment (/) acting on the general cross

section of the rudder horn is to be as obtained from

the following equations:
i) Between the upper and lower supports of
the rudder horn

M =F,z

i1)) Above the upper support of the rudder horn

M = Fy 1z + Fyp(z — dpp, X 1073)

F41:Supporting force (N) at the lower
support of the rudder horn, which is B,
in Fig. C13.2.4-7.

F4,:Supporting force (N) at the lower
support of the rudder horn (V), which is
B, in Fig. C13.2.4-7.

z: Distance specified (m) in Fig.
C11.5.1-2, which is to be less than the
distance d (mm) specified in the
drawing.

dy,: Distance (mm) between the bottom
bearing and upper bearing of the rudder
horn (d;, = d — A in Fig. C13.2.4-7).

(b) Shear force

The shear force B (N) acting on the general cross

Amendment (3)

Due to inconsistencies
in the symbols for the
torsion lever of the
ladder horn, the symbols
are unified as follows:
the torsion lever is
denoted by e(z), and
specifically, the lever at
z = d/2 is denoted by
c.

Reference correction

Reference correction

Reference correction
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original | Remarks

section of the rudder horn is to be as obtained from
the following equations:

i) Between the upper and lower bearings of
the rudder horn

B =Fy
i1) Above the upper bearing of the rudder horn
B =Fy1 + Fyy
Fy1, Fyo: Supporting force (V)
(c) Torque

The torque (N-m) acting on the general cross section
of the rudder horn is to be as obtained from the
following equations:
i) Between the upper and lower bearings of
the rudder horn
Ty = Faie(2)
i1) Above the upper bearings of the rudder horn
Ty = Fp16(2) + Fype(2)
F41, F43: Supporting force (V).
e(z): Lever arm length (m) of the torsional
moment specified in Fig. C11.5.1-2.
(d) Calculation of shearing stress and torsional
stress
i) Stresses in the general cross section of the
rudder horn between the lower bearing and
upper bearing are to be obtained from the
following equations:
7:  Shear stress (N/mm?) according to the
following equation
_Fu
Ap
17,: Torsional stress (N/mm?) for the hollow
rudder horn according to the following

section of the rudder horn is to be as obtained from
the following equations:

i) Between the upper and lower bearings of
the rudder horn

B =Fy
i1) Above the upper bearing of the rudder horn
B = Fyq + Fy,
Fu1, Fyp: Supporting force (N)
(c) Torque

The torque (N-m) acting on the general cross section
of the rudder horn is to be as obtained from the
following equations:
1) Between the upper and lower bearings of
the rudder horn
Ty = Fpiez)
ii) Above the upper bearings of the rudder horn
Ty = Faie(z) + Fpze(z)
F41, F43: Supporting force (V).
ez): Lever arm length (m) of the torsional
moment specified in Fig. C11.5.1-2.
(d) Calculation of shearing stress and torsional
stress
1) Stresses in the general cross section of the
rudder horn between the lower bearing and
upper bearing are to be obtained from the
following equations:
7:  Shear stress (N/mm?) according to the
following equation
_Fa
Ay
7,: Torsional stress (N/mm?) for the hollow
rudder horn according to the following
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original Remarks
equation equation
T, T, Unification of symbols
T, = —" _x10°® T = " %1073 Y
24¢_grth 2Frty,

For solid rudder horns, the calculation

method is to be as deemed appropriate by

the Society.

Fu1, Epp: Supporting force (V)

Ap,: Effective shear area (mm?) of the rudder
horn in the Y-axis direction.

T;,: Torque (N-m)

Ai_gr: Area (m?*) enclosed by a dotted line

in Fig. C11.5.1-2. This area is
calculated as the mean of areas
enclosed by the outer and inner

boundaries of the thin-walled section of
rudder horn at the considered
cross-section.

tp: Thickness (mm) of the outer wall of the
rudder horn. The maximum 7; in any
cross section of the rudder horn is to be
calculated at the position where t; is
minimum.

Stresses in the general cross section of the

rudder horn above the upper bearing are to

be obtained from the following equations.

7:  Shear stress (N/mm?®) according to the
following equation
L= Far + Fpp

Ap

7, Torsional stress (N/mm?) for the hollow
rudder horn according to the following
equation

For solid rudder horns, the calculation

method is to be as deemed appropriate by

the Society.

Fy1, Fay: Supporting force (V)

Ay, Effective shear area (mm?) of the rudder
horn in the Y-axis direction.

Ty: Torque (N-m)

Fr: Average area (m?) of the outer wall of

the rudder horn

tn: Thickness (mm) of the outer wall of the
rudder horn. The maximum t, in any
cross section of the rudder horn is to be
calculated at the position where t; is
minimum.

Stresses in the general cross section of the

rudder horn above the upper bearing are to

be obtained from the following equations.

7:  Shear stress (N/mm?®) according to the
following equation
L= Fai + Fyp

A

7,: Torsional stress (N/mm?) for the hollow
rudder horn according to the following
equation

Amendment (1)
IACS UR S10(Rev.8)
Annex S10.6

Unification of symbols
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original Remarks
T, Th
— -3 _ -3
= 24;_grty x 10 e = 2Fty, x 10 Unification of symbols

For solid rudder horns, the calculation
method is to be as deemed appropriate by
the Society.

FAl: FA29 Ah’ Th’ At—gT9 tp: As

specified in i) above.
(e) Calculation of bending stress
The stress in the general cross section of the rudder
horn within the region of length d is to be obtained
according to the following equation:
0,: Bending stress (N/mm?®) according to the

following equation
M
gy, = ZX
M: Bending moment (N-m) of the cross section
under consideration
Zy: Section modulus (cm®) about X-axis (See

Fig. C11.5.1-2)

For solid rudder horns, the calculation
method is to be as deemed appropriate by
the Society.
FAl’ FA2> Ah, Th, FT, th: As
specified in i) above.
(e) Calculation of bending stress
The stress in the general cross section of the rudder
horn within the region of length d is to be obtained
according to the following equation:
0,: Bending stress (N/mm?”) according to the
following equation
o, = ZX
M: Bending moment (N-m) of the cross section
under consideration
Zy: Section modulus (cm®) about X-axis (See
Fig. C11.5.1-2)

Unification of symbols
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original Remarks
Fig. C11.5.1-1  Geometry Parameters of Rudder Horn (Single-pPoint Elastic Support) Amendment (3)
Bed i Beciz) Due to inconsistencies
il % in the symbols for the
torsion lever of the
ladder horn, the symbols
are unified as follows:
B the torsion lever is
) ) denoted by e(z), and
z (2} | Bending moment Shear force e SpeCiﬁcaHy’ the lever at
- . «—| diagram diagram diagram z = d/2 is denoted by
X C.
B-d B

il L LA d L Ll 2L eereeeeeeen

Bending moment  Shear force Torsional moment
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original Remarks
Fig. C11.5.1-2  Geometry Parameters of Rudder Horn (Two2-point Elastic Support) Amendment (3)
Fu+Fp Due to inconsistencies
in the symbols for the
. Epd+ Fpd() Fy (Fyy+ Fiyp )e(z) torsion lever of the
ALLLLLLAL .. e R I — ' ladder horn, the symbols
/ ,' are unified as follows:
I the torsion lever is
................ - v denoted by e(z). and
d ( specifically, the lever at
z = d/2 is denoted by
c.
V4
Bending moment |  Shear force |
diagram diagram

Fyid + Fyph Fp1+ Fap  (Faq + Fpp)e(2)

i Fndy, Fyq Fyie(2)
- , L .
ereneenepaneeneeneenens u‘./.z.u/.f.z. /20 SISt SOSUUUU SO TSt I S K =
‘ 7
7 ]
7 ]
/ /
--------------------- Y
d ,’ TN
y ] X "= X
z=d/2 | ]
. ] w ly
]
............................................. ]

Bending moment  Shear force ~ Torsional moment

c= e(d/g)
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended |

Original

Remarks

C13 RUDDERS

C13.2 Rudders

C13.2.4 Rudder Strength Calculation

C13.24.1 Rudder Strength Calculation

1  The bending moment, shear force, and supporting
force acting on the rudder and rudder stock may be evaluated
using the basic rudder models shown in Fig. C13.2.4-1 to
Fig. C13.2.4-8.

2  The bending moment M, and the shear force Q,
acting on the rudder body, the bending moment M, acting
on the bearing, and the bending moment M, acting on the
coupling between the rudder stock and the rudder main piece
and the supporting forces B;, B,, B3 are to be obtained.
These moments and forces are to be used for analysing the
stresses in accordance with the requirements in Chapter 13,
Part C of the Rules.

3 The method of evaluating moments and forces is to
be as in the following (1) to (3) below. Notwithstanding the
above, for Type D rudders with two-point elastic supports by
rudder horns, the method of evaluating moments and forces
is to be as in 4.

(1) General data

Data on the basic rudder models shown in Fig.

C13.2.4-1 to Fig. C13.2.4-7 is as follows:

?10~fs50: Lengths (m) of individual girders of the
system

I;0~Iso: Moments (cm*) of inertia of these girders

For rudders supported by a shoe piece, the length

L,y is the distance between the lower edge of the

C13 RUDDERS

C13.2 Rudders

C13.2.4 Rudder Strength Calculation

C13.24.1 Rudder Strength Calculation

1  The bending moment, shear force, and supporting
force acting on the rudder and rudder stock may be evaluated
using the basic rudder models shown in Fig. C13.2.4-1 to
Fig. C13.2.4-7.

2  The bending moment M, and the shear force 0,
acting on the rudder body, the bending moment M, acting
on the bearing, and the bending moment M acting on the
coupling between the rudder stock and the rudder main piece
and the supporting forces By, B,, B3 are to be obtained.
These moments and forces are to be used for analyzing the
stresses in accordance with the requirements in Chapter 13,
Part C of the Rules.

3  The method of evaluating moments and forces is to
be as in the following (1) to (3) below. Notwithstanding the
above, for Type D rudders with 2-conjugate elastic supports
by rudder horns, the method of evaluating moments and
forces is to be as in 4.

(1) General data

Data on the basic rudder models shown in Fig.

C13.2.4-1 to Fig. C13.2.4-6 is as follows:

10~f50: Lengths (m) of individual girders of the
system

L;0~Iso: Moments (cm*) of inertia of these girders

For rudders supported by a shoe piece, the length

L,y is the distance between the lower edge of the

Reference correction

Reference correction
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

2

rudder body and the centre of the shoe piece and I,
is the moment of inertia of the pintle in the shoe
piece.

h. 1is the vertical distance (71) from the mid-point of
the length of that pintle to the centroid of the
rudder area.

Direct calculation

The standard data to be used for direct calculation

are as follows:

Load acting on rudder body (Type B rudder)

Pr=——7(k

R~ 1000310 (kV/im)
Load acting on rudder body (Type C rudder)
Pr=——7(k

R~ 1000310 (kV/im)

Notwithstanding the above, the value is as follows for
rudders with rudder trunks supporting rudder stocks.

Fg
Pr = 100002, 1 255y VM)

Load acting on rudder body (Type 4 rudder)

Prip = m (kN/m)
Prao = m (kN/m)
Load acting on rudder body (Type D and E rudder)
Prio = m (kN/m)
Prao = m (kN/m)

Fr, Fri, Fry: As specified in 13.2.2.1 and 13.2.3,
Part C of the Rules
k: Spring constant of the supporting point of the

2

rudder body and the centre of the shoe piece and I,
is the moment of inertia of the pintle in the shoe
piece.

h. 1is the vertical distance (71) from the mid-point of
the length of that pintle to the centroid of the
rudder area.

Direct calculation

The standard data to be used for direct calculation

are as follows:

Load acting on rudder body (Type B rudder)

P —

R 1000{710 (kv/m)
Load acting on rudder body (Type C rudder)
Pr=——7 (k

R 10001910 (kv/im)

Notwithstanding the above, the value is as follows for
rudders with rudder trunks supporting rudder stocks.
FR
Pr = kN/
R = 10000, + £59) VM
Load acting on rudder body (Type 4 rudder)

Prio = m (kN/m)
Prao = m (kN/m)
Load actlng on rudder body (Type D and E rudder)
Prio = m (kN/m)
Proo = M (kN/m)

Fgr, Fgri, Fgry: As specified in 13.2.2.1 and 13.2.3,
Part C of the Rules
k: Spring constant of the supporting point of the
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

shoe piece or rudder horn respectively, as shown
below
For the supporting point of the shoe piece:

k =225 (kN/m)  (See Fig. C13.2.4-1 and

250°
Fig. C13.2.4-2)
Iso: The moment (cm?) of inertia of shoe piece
around the Z-axis
€5, Effective length () of shoe piece
For the supporting point of rudder horn:

k =—— (kN/m) (See Fig. C13.2.4-1, Fig.
fp+fe

C13.2.4-4 and Fig. C13.2.4-5)

Where:

fp: Unit displacement of rudder horn due to a
unit force of 1 AN acting in the centre of
support as shown below.

£, =13 3 (m/kN)

Where:
I,,: The moment (cm*) of inertia of rudder
horn around the X-axis
fi: Unit displacement due to torsion, as shown
below.

£ = dc?Y ui/t;

© 3144, 7
At_gr: Area (m?) enclosed by a dotted line

C11.5.1-2. This area is
calculated as the mean of areas
enclosed by the outer and inner
boundaries of the thin-walled section of
rudder horn__at the considered
cross-section.

6.181,

x 1078 (m/kN)

in Fig.

shoe piece or rudder horn respectively, as shown
below
For the supporting point of the shoe piece:

k=225 (kN/m)  (See Fig. C13.2.4-1 and

50°
Fig. C13.2.4-2)
Iso: The moment (cm?) of inertia of shoe piece
around the Z-axis
?5,: Effective length (m2) of shoe piece
For the supporting point of rudder horn:

k =—— (kN/m) (See Fig. C13.2.4-1, Fig.
fp+fe

C13.2.4-4 and Fig. C13.2.4-5)

Where:

fp : Unit displacement of rudder horn due to a
unit force of 1 kN acting in the centre of
support as shown below.

fr =13 3 (m/kN)

Where:
I, : The moment (cm?) of inertia of rudder
horn around the X-axis
f+ :Unit displacement due to torsion, as shown
below.
f _ dCZZ ui/ti
“T 3.14F2
Fr : Mean sectional area (m°) of the rudder

6.181,

x 1078 (m/kN)

horn

Unification of symbols

Amendment (1)
IACS UR S10(Rev.8)
Annex S10.5
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Original

Remarks

Amended
u;: Breadth (mm) of the individual plates
- forming the mean horn sectional area
At—gr
t;: Plate thickness (mm) within the

individual breadth u;

For ¢ and d, See Fig. C13.2.4-4 and Fig.
C13.2.4-5 (For the rudder horn of Type
A rudders, the same values are to be
also applied.)

(3)  (Omitted)

4  For Type D rudders with two-point elastic supports
by rudder horns, the method of evaluating moments and
forces is to be as in (1) and (2) below.

(1) General data

Ki1, K35, Ki,: Rudder horn compliance constants
calculated for rudder horn with
two-point elastic supports (See Fig.
C13.2.4-8). The two-point elastic
supports are defined in terms of
horizontal displacements, y;, by the
following equations:

at the lower rudder horn bearing:
Y1 = —Ki2B; — K33By

at the upper rudder horn bearing:
Y2 = —K11By — K12By

Vi, Yo Horizontal displacements (m2) at the
lower and upper rudder horn bearings,
respectively

B;, B,:  Horizontal support forces (kN) at the

lower and upper rudder horn bearings,
respectively
Ki1, K5, Ki5: Obtained (m/kN) from the following

u, : Breadth (mm) of the individual plates

forming the mean sectional area of the
rudder horn
Plate thickness (mm) within the

individual breadth u,

For ¢ and d, See Fig. C13.2.4-4 and Fig.
C13.2.4-5 (For the rudder horn of Type
A rudders, the same values are to be
also applied.)

tq

(3) (Omitted)

4  For Type D rudders with 2-conjugate elastic supports
by rudder horns, the method of evaluating moments and
forces is to be as in (1) and (2) below.

(1) General data

Ki1, K,5, Ki,: Rudder horn compliance constants
calculated for rudder horn with
2-conjugate elastic supports (See Fig.
C13.2.4-7). The 2-conjugate elastic
supports are defined in terms of
horizontal displacements, y;, by the
following equations:

at the lower rudder horn bearing:

Y1 = —Ki2B; — K33By
at the upper rudder horn bearing:
Y2 = —K11B; — K12By

Y1, Y. Horizontal displacements (m) at the lower
and upper rudder horn bearings,
respectively

Horizontal support forces (kN) at the

lower and upper rudder horn bearings,

respectively

Ki1, K,,, Kj,: Obtained

By, B5:

(m/kN ) from the

Unification of symbols

Reference correction
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original Remarks
formulae: following formulae:
Ki;=13 a +CZ/1 Ki,=13 a +ezl
Due to inconsistencies
Ko =13 A3 A%2(d — 1) .. 4P A3 A%2(d — 1) in the symbols for the
127 13K, 2El;, 127 13K L, 2E1;, torsion lever of the
21 02 ladder horn, the symbols
+— +— are unified as follows:
Glep Glin the torsion lever is
Bk A2(d = )] r 3 A2(d — D) denoted by e(z), and
3El,, El,, 3EL,, El, speflﬁcally', the lever at
A(d — 1)? A(d — 1)? z = d/2 is denoted by
K,, =1.3 _— K,, =1.3 _ c.
ElLy ElLy
(d—2)° (d—2)°
3EL, 3EL,
c?d e?d
Gl Gl

: Height of the rudder horn (m) defined in Fig.
C13.2.4-8. This value is measured downwards
from the upper rudder horn end, at the point of
curvature transition, till the mid-line of the lower
rudder horn pintle.
: Length (m) as defined in Fig. C13.2.4-8. This
length is measured downwards from the upper
rudder horn end, at the point of curvature
transition, till the mid-line of the upper rudder
horn bearing. For 4 =0, the above formulae
converge to those of spring constant Z for a
rudder horn with single-point elastic support, and
assuming a hollow cross section for this part.
Rudder-horn torsion lever () as defined in Fig.

d: Height of the rudder horn (m) defined in Fig.
C13.2.4-7. This value is measured downwards
from the upper rudder horn end, at the point of
curvature transition, till the mid-line of the lower
rudder horn pintle

A: Length (m) as defined in Fig. C13.2.4-7. This
length is measured downwards from the upper
rudder horn end, at the point of curvature
transition, till the mid-line of the upper rudder
horn bearing. For 4 =0, the above formulae
converge to those of spring constant Z for a
rudder horn with 1-elastic support, and assuming
a hollow cross section for this part

e: Rudder-horn torsion lever () as defined in Fig.

Reference correction

Reference correction

Reference correction
Amendment (3)
Due to inconsistencies
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

2

C13.2.4-8 (value taken at z = d/2).

I;,: Moment of inertia of rudder horn about the X
axis (m*) for the region above the upper rudder
horn bearing. Note that I;; is an average value
over the length 4 (See Fig. C13.2.4-8).
Moment of inertia of rudder horn about the X
axis (m*) for the region between the upper and
lower rudder horn bearings. Note that I, is an
average value over the length d — A (See Fig.
C13.2.4-8).
I;,: Torsional stiffness factor of the rudder horn for

any thin wall closed section (m*) is as

Ith

follows:
2
_ 4At—g7"
th = w
il

Area (m%) enclosed by a dotted line in Fig.

C11.5.1-2. This area is calculated as the
mean of areas enclosed by the outer and
inner boundaries of the thin-walled section
of rudder horn at the considered
cross-section.

u;: Length (mm) of the individual plates forming the
mean horn sectional area A;_ g,

t;: Thickness (mm) of the
mentioned above
Note that the I, value is taken as an average value,
valid over the rudder horn height.
Direct calculation
The standard data to be used for direct calculation
are as follows:

Ap_gr:

individual plates

2

C13.2.4-7 (value taken at z = d/2)

Moment of inertia of rudder horn about the X
axis (m*) for the region above the upper rudder
horn bearing. Note that I;; is an average value
over the length A (See Fig. C13.2.4-7)

Moment of inertia of rudder horn about the X
axis (m") for the region between the upper and
lower rudder horn bearings. Note that I, is an
average value over the length d — A (See Fig.
C13.2.4-7)

Ilh:

IZh:

I+,: Torsional stiffness factor of the rudder horn for
any thin wall closed section (m*) is as
follows:

4F*

I, = ———
"y
i ti

Fr: Mean of areas enclosed by outer and inner

boundaries of the thin walled section of
rudder horn _(m%)

u;: Length (mm) of the individual plates forming the
mean horn sectional area
t;: Thickness (mm) of the
mentioned above
Note that the I, value is taken as an average value,
valid over the rudder horn height.

individual plates

Direct calculation
The standard data to be used for direct calculation
are as follows:

in the symbols for the
torsion lever of the
ladder horn, the symbols
are unified as follows:
the torsion lever is
denoted by e(z), and
specifically, the lever at
z = d/2 is denoted by
c.

Reference correction

Unification of symbols

Amendment (1)
IACS UR S10(Rev.8)
Annex S10.6
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original Remarks
Load acting on rudder body (kN/m) Load acting on rudder body (kN/m)
__fre __fre
Pr1o ETE Pr1o ETE
Fr1 Frq

Pr20 = 53— 7n3
Fr, Fgry, Fgrp: Asdefinedin 13.2.3.2

p = ——
Fgr, Fgri, Fgry: Asdefined in 13.2.3.2
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

Fig. C13.2.4-6  Type C Rudder with Rudder Trunk Supporting Rudder Stock (Pressure Applied on the Entire Rudder Area)

:,[,: .........

LLINELTTITTTTTE

Rudder stock

<

¥

Shear force

Bending moment

Amendment (3)
Harmonize the figure
with UR S10 Annex
S10.3
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original | Remarks
. B,
..... =L <}—> T o e
4 [ 4
5 ol 5
@ iz - @
1 1 _—
A i I Fr 5
it w
o Q ............
||' ..........
- 32
A, Fp
5] o)
= e}
g .
(a7 (7
4 Model Shear force Bending moment
)'L)X
Note:
Full rudder force Fp = Fp; + Fp, and total rudder torque Tp = Tpy + Tr,. with rudder stock bending moment M, =
Mgp, — M
Mgpy = Mgpy
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

| Amended | Original | Remarks
Fig. C13.2.4-7Type C Rudder with Rudder Trunk Supporting Rudder Stock (Pressure Applied only on Rudder Area below the | Amendment (3)
Middle of Neck Bearing) Harmonize the figure
g B with UR S10 Annex
e | | I e— L e e o 3103
= A
] ~
=
Fro ]

i
/
!

Rudder

Model Shear force Bending moment
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original | Remarks
B B
: 3
..... | R R R SRR WP ~ o R
|
] i i i
| 3] O Q
| w v w
. Lyo 5 5 — 5
i 3 ] - 3
: 5 5 —
! (7 ~ — M, ~
e o e S B e I AR
A ! i Ly Fr
!—-li--t_ir-! FR2
. r1 DS H T g Q ...... ’ —1..... e ez eeen s {comernnnny
e LI I s = I PN W e O O WM 4
v — <
L B 'M
| €1 2 ¢
A, My
PR = = =
3 ] 3
£ E Mp\] 2
~ (7 &
A .
/[ Model Shear force Bending moment
Y X
Note:
Rudder force Fp, corresponding to rudder torque Ty, acting at rudder blade area A,, with rudder stock bending moment
My = Mgp,
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

Fig. C13.2.4-8

Type D Rudder with 2-eenjugate Two-point Elastic Supports

Model

Share force

Bending moment

Amendment (3)

Due to inconsistencies
in the symbols for the
torsion lever of the
ladder horn, the symbols
are unified as follows:
the torsion lever is
denoted by e(z), and
specifically, the lever at
z = d/2 is denoted by
c.
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Amended |

Original

Remarks

Bending moment
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

GUIDANCE FOR THE SURVEY AND
CONSTRUCTION OF STEEL SHIPS

Part CS HULL CONSTRUCTION AND
EQUIPMENT OF SMALL SHIPS

CS3 RUDDERS

CS3.4Rudder Strength Calculation

CS3.4.1 Rudder Strength Calculation

1  General

The bending moment, shear force, and supporting force
acting on the rudder and rudder stock may be evaluated using
the basic rudder models shown in Fig. CS3.4.1-1 to Fig.
CS3.4.1-5.

2 Moments and forces to be evaluated

The bending moment Mz and the shear force Q; acting on
the rudder body, the bending moment M, acting on the
bearing, and the bending moment M; acting on the coupling
between the rudder stock and the rudder main piece and the
supporting forces Bi, B>_and B3 are to be obtained. These
moments and forces are to be used for analysing the stresses
in accordance with the requirements in Chapter 3, Part CS
of the Rules.

3 Method of evaluating moments and forces

The method of evaluating moments and forces is to be as
in the following (1) to (3) below.

(1) General data

GUIDANCE FOR THE SURVEY AND
CONSTRUCTION OF STEEL SHIPS

Part CS HULL CONSTRUCTION AND
EQUIPMENT OF SMALL SHIPS

CS3 RUDDERS

CS3.4Rudder Strength Calculation

CS3.4.1 Rudder Strength Calculation

1  General

The bending moment, shear force, and supporting force
acting on the rudder and rudder stock may be evaluated using
the basic rudder models shown in Fig. CS3.4.1-1 to Fig.
CS3.4.14.

2 Moments and forces to be evaluated

The bending moment Mz and the shear force @ acting on
the rudder body, the bending moment M, acting on the
bearing, and the bending moment M; acting on the coupling
between the rudder stock and the rudder main piece and the
supporting forces Bi, B2, B3 are to be obtained. These
moments and forces are to be used for analyzing the stresses
in accordance with the requirements in Chapter 3, Part CS
of the Rules.

3 Method of evaluating moments and forces

The method of evaluating moments and forces is to be as
in the following (1) to (3) below.

(1) General data

Reference correction
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

2

Data on the basic rudder models shown in Fig.
CS3.4.1-1 to Fig. CS3.4.1-5 is as follows:
lip~l50: Lengths (m) of individual girders of the
system

Lig~Iso: Moments (cm*) of inertia of these girders
For rudders supported by a shoe piece, the length /20
is the distance between the lower edge of the rudder
body and the centre of the shoe piece and /20 is the
moment of inertia of the pintle in the shoe piece.
h. 1is the vertical distance (m) from the mid-point of
the length of that pintle to the centroid of the rudder
area.
Direct calculation
The standard data to be used for direct calculation
are as follows:
Load acting on rudder body (Type B rudder)

Fr
10001,

Load acting on rudder body (Type C rudder)

Py = (kN/m)

10001 10

Notwithstanding the above, the value is as follows

for rudders with rudder trunks supporting rudder

stocks.
___FfrR
1000(l19+120)

Load acting on rudder body (Type 4 rudder)

Pp = (kN/m)

Fro
10001,

Prio = (kN/m)

Fp1
100013,

PRZO - (kN/m)

Where:

2

Data on the basic rudder models shown in Fig.
CS3.4.1-1 to Fig. CS3.4.1-4 is as follows:

lio~lso : Lengths (m) of individual girders of the
system
Iio~Iso : Moments (cm*) of inertia of these girders

For rudders supported by a shoe piece, the length /20
is the distance between the lower edge of the rudder
body and the centre of the shoe piece and /2 is the
moment of inertia of the pintle in the shoe piece.
h. 1is the vertical distance (m) from the mid-point of
the length of that pintle to the centroid of the rudder
area.
Direct calculation
The standard data to be used for direct calculation
are as follows:
Load acting on rudder body (Type B rudder)

Fr
10001,

Load acting on rudder body (Type C rudder)

Pp = (kNim)

Py = (kN/m)

1000l

Notwithstanding the above, the value is as follows
for rudders with rudder trunks supporting rudder
stocks.

Fg
1000(l19+120)

Load acting on rudder body (Type A4 rudder)

Pp = (kN/m)

_ _Fro

_ _Fm
Proo = 10000 (kN/m)
Where:

Reference correction
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Amended

Original

Remarks

Fr, Fri, Fra: As specified in 3.2 and 3.3, Part CS of
the Rules

k:  Spring constant of the supporting point of the
shoe piece or rudder horn respectively, as shown
below

For the supporting point of the shoe piece:

ke = 228550 vy

Iso

(See Fig. CS3.4.1-1 and Fig. CS3.4.1-2)

Where:

Iso: The moment (cm®*) of inertia of shoe piece
around the Z-axis

l5o: Effective length (m) of shoe piece

For the supporting point of rudder horn:

1

k= 7, (kN/m)

(See Fig. CS3.4.1-1)

Where:

fp: Unit displacement of rudder horn due to a unit
force of 1 kN acting in the centre of support as
shown below.

d3

fp =13 6180, (m/kN)

Where:

I: The moment (cm*) of inertia of rudder horn
around the X-axis

fr: Unit displacement due to torsion, as shown

below.
dc?Xu;/t; _
= ——UL x1078 (m/k
fi 3144, gr" (m/kN)
Arg:  Area (m*) enclosed by a dotted line in Fig.

Fr, Fri, Fr2: As specified in 3.2 and 3.3, Part CS of
the Rules

k:  Spring constant of the supporting point of the
shoe piece or rudder horn respectively, as shown
below

For the supporting point of the shoe piece:

ke = 228050 (v

lso

(See Fig. CS3.4.1-1 and Fig. CS3.4.1-2)

Where:

Iso: The moment (cm®*) of inertia of shoe piece
around the Z-axis

lso: Effective length (m) of shoe piece

For the supporting point of rudder horn:

1

k = o, (kN/m)

(See Fig. CS3.4.1-1)

Where:

fp: Unit displacement of rudder horn due to a unit
force of 1 kN acting in the centre of support as
shown below.

d3

fp =13 618l (m/kN)

Where:

I: The moment (cm*) of inertia of rudder horn
around the X-axis

fr: Unit displacement due to torsion, as shown
below.

_dcXu/t;

fe= 3.14F;°

x 1078 (m/kN)

Fr: Mean sectional area (%) of the rudder horn

Unification of symbols

Amendment (1)
IACS UR S10(Rev.8)
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Amended

Original

Remarks

(CS3.4.1-6. This area is calculated as the mean of

areas enclosed by the outer and inner boundaries

of the thin-walled section of rudder horn at the
considered cross-section.

Breadth (mm) of the individual plates forming

Annex S10.5

ui: Breadth (mm) of the individual plates forming i )
the mean horn sectional area A,_g;, ) the mean sectional area of the rudder horn Unification of symbols
) - o tir  Plate thickness (mm) within the individual
ti.  Plate thickness (mm) within the individual breadth u;
breadth ui (3) (Omitted)
(3)  (Omitted)
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Amended | Original | Remarks

Fig. CS3.4.1-4 Type C Rudder with Rudder Trunk Supporting Rudder Stock (Pressure Applied on the Entire Rudder Area) | Amendment (3)

) Harmonize the figure
----"E LT E ----------------------------- @ ------------------------ With UR SlO Annex

S10.3

/
]

-

\Rudderstock
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S
I

Model Shear force Bending moment
Y T—) X
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original | Remarks
Q
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Z Model Shear force Bending moment
YT—»\'
Note:
Full rudder force Fp = Fpy + Fp, and total rudder torque Tp = Ty + Tr,. with rudder stock bending moment M, =
M -M
Mgpy = Mgpy
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Amended | Original | Remarks
Fig. CS3.4.1-5 Type C Rudder with Rudder Trunk Supporting Rudder Stock (Pressure aApplied only on fRudder aArea Amendment (3)
below the mMiddle of aNeck bBearing) Harmonize the figure
g B with  UR S10 Annex
e | |y ————— . e " 3103
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Z Model Shear force Bending moment
L.
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Amended | Original | Remarks
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Note:
Rudder force Fp, corresponding to rudder torque Ty, acting at rudder blade area A,. with rudder stock bending moment
My = Mgp,
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Amended

Original

Remarks

Fig. CS3.4.1-6  Cross-sectional View of Thin-walled Section of Rudder Horn

wdd Ll d bl ddddko....

CS3.12 Rudder Accessories
CS3.12.1 Rudder Carriers
3 Watertightness of rudder carrier part

(1

2

In rudder trunks which are open to the sea, a seal or
stuffing box is to be fitted above the_ waterline at
scantling draught (without trim) to prevent water
from entering the steering gear compartment and the
lubricant from being washed away from the rudder
carrier. If the top of the rudder trunk is below the
waterline at scantling draught (without trim), two
separate watertight seals or stuffing boxes are to be
provided.

It is recommended that the packing gland in the
stuffing box have an appropriate clearance from the
rudder stock corresponding to the position of the
stuffing box. The standard clearance is to be 4 mm
for the stuffing box provided at the neck or
intermediate bearing, and 2 mm for the stuffing box
at the upper stock bearing.

CS3.12

CS3.12.1
Watertightness of rudder carrier part

3
(M

2

Rudder Accessories

Rudder Carriers

In rudder trunks which are open to the sea, a seal or
stuffing box is to be fitted above the deepest load
waterline to prevent water from entering the steering
gear compartment and the lubricant from being
washed away from the rudder carrier. If the top of
the rudder trunk is below the waterline at scantling
draught (without trim), two separate watertight seals
or stuffing boxes are to be provided.

It is recommended that the packing gland in the
stuffing box have an appropriate clearance from the
rudder stock corresponding to the position of the
stuffing box. The standard clearance is to be 4 mm
for the stuffing box provided at the neck or
intermediate bearing, and 2 mm for the stuffing box
at the upper stock bearing.

(Newly added)

Add a figure to clarify
the definition of the
sectional areas of rudder
horns.

Amendment (2)
IACS UR S10(Rev.8)
1.23
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original | Remarks
GUIDANCE FOR THE SURVEY AND GUIDANCE FOR THE SURVEY AND
CONSTRUCTION OF CONSTRUCTION OF
INLAND WATERWAY SHIPS INLAND WATERWAY SHIPS

Part 1 GENERAL RULES

HULL CONSTRUCTION AND
EQUIPMENT OF
TUGS AND PUSHERS

Part 4

Chapter 2 RUDDERS AND STERN FRAMES

2.1 Rudders

2.1.6  Rudder Strength Calculation

1  General

The bending moment, shear force, and supporting force
acting on the rudder and rudder stock may be evaluated using
the basic rudder models shown in Fig. 4.2.1.6-1 to Fig.
4.2.1.6-5.

2 Moments and forces to be evaluated

The bending moment My and the shear force Q; acting on
the rudder body, the bending moment M, acting on the
bearing, and the bending moment M acting on the coupling
between the rudder stock and the rudder main piece and the
supporting forces Bi, B> and B3 are to be obtained. These
moments and forces are to be used for analysing the stresses

Part 1 GENERAL RULES

Part4 HULL CONSTRUCTION AND
EQUIPMENT OF
TUGS AND PUSHERS
Chapter 2 RUDDERS AND STERN FRAMES

2.1 Rudders

2.1.6  Rudder Strength Calculation

1  General

The bending moment, shear force, and supporting force
acting on the rudder and rudder stock may be evaluated using
the basic rudder models shown in Fig. 4.2.1.6-1 to Fig.
4.2.1.6-5.

2 Moments and forces to be evaluated

The bending moment My and the shear force Q; acting on
the rudder body, the bending moment M, acting on the
bearing, and the bending moment M, acting on the coupling
between the rudder stock and the rudder main piece and the
supporting forces Bi, B2, B3 are to be obtained. These
moments and forces are to be used for analyzing the stresses
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Remarks

in accordance with the requirements in Chapter 2, Part 4 of
the Rules.

3
(D

2

Method of evaluating moments and forces

General data

Data on the basic rudder models shown in Fig.

4.2.1.6-1 to Fig. 4.2.1.6-5 is as follows:

lio~150: Lengths (m) of individual girders of the
system

Io~Iso: Moments (cm?) of inertia of these girders

For rudders supported by a shoe piece, the length /20
is the distance between the lower edge of the rudder
body and the centre of the shoe piece and /20 is the
moment of inertia of the pintle in the shoe piece.

h. 1is the vertical distance (m) from the mid-point of
the length of that pintle to the centroid of the rudder
area.

Direct calculation

The standard data to be used for direct calculation
are as follows:

Load acting on rudder body (Type B and C rudders)
Fr

Load acting on rudder body (Type A rudder)
_Fpy
P PR vy
R20 — 1000[ ( m)
Load acting on rudder body (Type D and E rudders)
Fpo
PRlO 100}8[ (kN/n’l)
P PR vy
R20 — 1000[ ( m)

Original
in accordance with the requirements in Chapter 2, Part 4 of
the Rules.
3 Method of evaluating moments and forces
(1) General data
Data on the basic rudder models shown in Fig.
4.2.1.6-1 to Fig. 4.2.1.6-5 is as follows:
l19~lso: Lengths (m) of individual girders of the
system
I;0~Iso: Moments (cm*) of inertia of these girders
For rudders supported by a shoe piece, the length /20
is the distance between the lower edge of the rudder
body and the centre of the shoe piece and /2 is the
moment of inertia of the pintle in the shoe piece.
h. 1s the vertical distance (m) from the mid-point of
the length of that pintle to the centroid of the rudder
area.
(2) Direct calculation

The standard data to be used for direct calculation
are as follows:

Load acting on rudder body (Type B and C rudders)
Fpr

Load acting on rudder body (Type 4 rudder)
__Fro
Pgrio = 100000 (kN/m)
_Fp
Load acting on rudder body (Type D and E rudders)
__Fro
PRlO = 1000110 (kN/m)
_Fp1
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

Where:
Fg: As specified in 2.1.4, Part 4 of the Rules
Frq, Fry:As specified in 2.1.5, Part 4 of the Rules
k: Spring constant of the supporting point of the
shoe piece or rudder horn respectively, as shown
below
For the supporting point of the shoe piece:

ke = 228550 vy

Iso

(See Fig. 4.2.1.6-1 and Fig. 4.2.1.6-2)

Where:

Iso: The moment (cm*) of inertia of shoe piece
around the Z-axis

lso: Effective length (m2) of shoe piece

For the supporting point of rudder horn:

k= (kN/m)

fb+ft
(See Fig. 4.2.1.6-1, Fig. 4.2.1.6-4 and Fig. 4.2.1.6-5)
Where:
fp: Unit displacement of rudder horn due to a unit
force of 1 kN acting in the centre of support as
shown below

(m/kN)

fo = 6181

Where:

I,: The moment of inertia (cm*) of rudder horn
around the X-axis

f:: Unit displacement due to torsion, as shown

below.
dc?Zu;/t; _
=——Y 1L x10"8 (mlk
ft 3-14At—gr2 (m/kN)

Where:

Fr: As specified in 2.1.4, Part 4 of the Rules

Frq, Frp: As specified in 2.1.5, Part 4 of the Rules

k: Spring constant of the supporting point of the
shoe piece or rudder horn respectively, as shown
below

For the supporting point of the shoe piece:

ke = 228050 v/

lso

(See Fig. 4.2.1.6-1 and Fig. 4.2.1.6-2)

Where:

Iso: The moment (cm*) of inertia of shoe piece
around the Z-axis

lso: Effective length (m2) of shoe piece

For the supporting point of rudder horn:

k = (kN/m)

fb+ft
(See Fig. 4.2.1.6-1, Fig. 4.2.1.6-4 and Fig. 4.2.1.6-5)
Where:
fp: Unit displacement of rudder horn due to a unit
force of 1 kN acting in the centre of support as
shown below

(m/kN)

fo = 6181

Where:

I,: The moment of inertia (cm*) of rudder horn
around the X-axis

fi: Unit displacement due to torsion, as shown

below.
dc?Zu;/t; _
— i/t 1 8
fz —3-14FT2 X 10™° (m/kN)

Unification of symbols

Amendment (1)
IACS UR S10(Rev.8)
Annex S10.5
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

Ap_gr: Area (m?) enclosed by a dotted line in Fig.

4.2.1.6-6. This area is calculated as the mean of
areas enclosed by the outer and inner boundaries
of the thin-walled section of rudder horn_at the
considered cross-section.

u;: Breadth (mm) of the individual plates forming
the mean horn sectional area A;_g,

t;: Plate thickness (mm) within the individual
breadth u;
For ¢ and d, see Fig. 4.2.1.6-4 and Fig. 4.2.1.6-5. (For
the rudder horn of Type 4 rudders, the same values are
to be also applied.)
(3) (Omitted)

Fr: Mean sectional area (m°) of the rudder horn

u;: Breadth (mm) of the individual plates forming
the mean sectional area_of the rudder horn
t;: Plate thickness (mm) within the individual
breadth u;
For ¢ and d, see Fig. 4.2.1.6-4 and Fig. 4.2.1.6-5. (For
the rudder horn of Type 4 rudders, the same values are
to be also applied.)
(3) (Omitted)

Fig. 4.2.1.6-6 Cross-sectional View of Thin-walled Section of Rudder Horn

il ddd kbl doddoko...

2.1.14 Rudder Accessories

3 Watertightness of rudder carrier part

(1)  In rudder trunks which are open to the water, a seal
or stuffing box is to be fitted above the waterline at
scantling draught (without trim) to prevent water
from entering the steering gear compartment and the

2.1.14 Rudder Accessories

3 Watertightness of rudder carrier part

(1)  In rudder trunks which are open to the water, a seal
or stuffing box is to be fitted above the_deepest
designed maximum load line to prevent water from
entering the steering gear compartment and the

Unification of symbols

(Newly added)

Add a figure to clarify
the definition of the
sectional areas of rudder
horns.

Amendment (2)
IACS UR S10(Rev.8)
1.2.3
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended

Original

Remarks

2

lubricant from being washed away from the rudder
carrier._If the top of the rudder trunk is below the
waterline at scantling draught (without trim), two
separate watertight seals or stuffing boxes are to be
provided.

It is recommended that the packing gland in the
stuffing box have an appropriate clearance from the
rudder stock corresponding to the position of the
stuffing box. The standard clearance is to be 4 mm
for the stuffing box provided at the neck or
intermediate bearing, and 2 mm for the stuffing box
at the upper stock bearing.

2

lubricant from being washed away from the rudder
carrier.

It is recommended that the packing gland in the
stuffing box have an appropriate clearance from the
rudder stock corresponding to the position of the
stuffing box. The standard clearance is to be 4 mm
for the stuffing box provided at the neck or
intermediate bearing, and 2 mm for the stuffing box
at the upper stock bearing.

[y

EFFECTIVE DATE AND APPLICATION

The effective date of the amendments is 1 January 2027.

Notwithstanding the amendments, the current requirements apply to ships for which the date of contract for

construction* is before the effective date.

For ships subject to Part C of the Rules for the Survey and Construction of Steel Ships and the Guidance for the
Survey and Construction of Steel Ships prior to its comprehensive revision by Rule No.62 on 1 July 2022 and
Notice No.47 on 1 July 2022 (herein after referred to as “old Part C of the Rules” and “old Part C of the
Guidance”), and which the date of contract for construction® is on and after the effective date, this amendment also

applies to following requirements.

C2.2.5, old Part C of the Guidance

Fig. C2.2.5-1, old Part C of the Guidance
Fig. C2.2.5-2, old Part C of the Guidance
C3.4.1-1, old Part C of the Guidance
C3.4.1-3, old Part C of the Guidance
C3.4.1-4, old Part C of the Guidance

Fig. C3.4.1-6, old Part C of the Guidance
Fig. C3.4.1-7, old Part C of the Guidance
Fig. C3.4.1-8, old Part C of the Guidance
C3.11.1-3, old Part C of the Guidance
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Amended-Original Requirements Comparison Table (Rudder Horns and Rudders)

Amended | Original

Remarks

Note:

*  “contract for construction” is defined in the latest version of IACS Procedural Requirement (PR) No.29.

TACS PR No.29 (Rev.0, July 2009)

The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the prospective owner and the shipbuilder. This date

and the construction numbers (i.e. hull numbers) of all the vessels included in the contract are to be declared to the classification society by the party applying for the

assignment of class to a newbuilding.

The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately exercised, is the date on which the

contract to build the series is signed between the prospective owner and the shipbuilder.

For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of vessels” if they are built to the same

approved plans for classification purposes. However, vessels within a series may have design alterations from the original design provided:

(1) such alterations do not affect matters related to classification, or

(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in effect on the date on which the
alterations are contracted between the prospective owner and the shipbuilder or, in the absence of the alteration contract, comply with the classification requirements in
effect on the date on which the alterations are submitted to the Society for approval.

The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the contract to build the series was signed.

If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for construction” for such vessels is the date on which

the amendment to the contract, is signed between the prospective owner and the shipbuilder. The amendment to the contract is to be considered as a “new contract” to which

1. and 2. above apply.

If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or vessels, is the date on which revised

contract or new contract is signed between the Owner, or Owners, and the shipbuilder.

This Procedural Requirement applies from 1 July 2009.
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