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COLLISIONS AS A FACTOR OF MARINE ACCIDENT

From 2019-2022, collision has become the main factor in marine accidents.
It contributes 691 cases from 2589 cases or about 26.69% of total accidents that happened in
2019-2022 (as of June 30, 2022).
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“Maneuvering performance has traditionally received little attention during the design 
stages of a commercial ship. 

A primary reason has been the lack of maneuvering performance standards for the ship 
designer to design to, and/or regulatory authorities to enforce. 

Consequently, some ships have been built with very poor maneuvering qualities that have 
resulted in marine casualties and pollution. 

Designers have relied on the ship-handling abilities of human operators to compensate for 
any deficiencies in the inherent maneuvering qualities of the hull. 

The implementation of maneuvering standards will ensure that ships are designed to a 
uniform standard so that an undue burden is not imposed on ship handlers in trying to 

compensate for deficiencies in inherent ship maneuverability.
MSC/Circular. 1053 – Explanatory Notes to the Standards for Ship Maneuverability – Chapter 1 General Principles – 1.1 Philosophy and 

Background – 1.1.2.
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MSC.137(76) – Standards for Ship 
Maneuverability – Annex – 2 General – 2.1

MSC/Circular. 1053 – Explanatory Notes to the 
Standards for Ship Maneuverability – Chapter 3 

Prediction Guidance – 3.1 General – 3.1.1

MSC/Circular. 1053 – Explanatory Notes to the 
Standards for Ship Maneuverability – Chapter 3 

Prediction Guidance – 3.1 General – 3.1.3

EXISTING STANDARDS

“Scale model tests and/or computer 
predictions using mathematical 

models can be performed to predict 
compliance at the design stage. In 
this case, full-scale trials should be 

conducted to validate these results.”

“To be able to assess the 
maneuvering performance of a new 

ship at the design stage, it is 
necessary to predict the ship 

maneuvering behavior on the basis 
of main dimensions, lines drawings, 

and other relevant information 
available at the design stage.”

“The first and simplest method is to 
base the prediction on experience 

and existing data, assuming that the 
maneuvering characteristics of the 
new ship will be close to those of 

similar existing ships.”

MSC/Circular. 1053 – Explanatory Notes to the 
Standards for Ship Maneuverability – Chapter 3 

Prediction Guidance – 3.1 General – 3.1.4

MSC/Circular. 1053 – Explanatory Notes to the 
Standards for Ship Maneuverability – Chapter 3 

Prediction Guidance – 3.1 General – 3.1.5

“The second method is to base the 
prediction on results from model 

tests. Model tests are described in 
section 3.2.”

“The third method is to base the 
prediction on results from 

calculation/simulation using a 
mathematical model. Mathematical 

models are described in section 3.3.”
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Introducing the proposal for implementation of maneuvering standards since design phases 
in order to have a uniform standard on understanding maneuverability to minimize 
maneuverability failure. 
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MANEUVER TESTS

Turning Test Stopping Test

Zig-zag Test
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TURNING CIRCLE 
MANEUVER
“Turning circle maneuver is the maneuver to be
performed to both starboard and port with 35°
rudder angle or the maximum rudder angle
permissible at the test speed, following a steady
approach with zero yaw rate”

MSC.137(76) – Standards for Ship Maneuverability – Annex – 4 Definitions –
4.2 Standard Maneuvers and Associated Terminology

References : [1]

“The advance should not exceed 4.5 ship lengths
(L) and the tactical diameter should not exceed 5
ship lengths in the turning circle maneuver.”

MSC.137(76) – Standards for Ship Maneuverability – Annex – 5 Standards –
5.3 Criteria
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EXISTING GUIDANCE

“In such cases, it will be required to
predict the manoeuvring performance in
full load condition by means of some
method that uses the results of the sea
trial.
As an alternative to scale model tests,
usually conducted during the ship design
phase, a numerical simulation using a
mathematical model is a useful method
for predicting ship manoeuvring
performance in full load condition.”

MSC/Circular. 1053 – Explanatory Notes to the Standards 
for Ship Maneuverability – Chapter 3 – Prediction Guidance 
– 3.3 Mathematical Model – 3.3.1.2
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MANEUVER ASSESSMENT AT 
DESIGN STAGE
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Ship’s main dimension

Non-dimensional 
parameters

HullRudders

Force calculation
Added mass and 

moment of inertia
Hydrodynamic 

Coefficients

Simulation set-up Time domainStorage Vector

Simulation loop 

Results plot

ValidationsExisting data Experimental data

Criteria Check Course-keeping abilityAdvance and Tactical 
Diameter

Accepted

Yaw RateTrajectory
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MOERI CONTAINER SHIP (KCS)

References : [7]

HULL CHARACTERISTICS

Length between 
Perpendiculars 230.0 m

Moulded Breadth 32.2 m

Immersed Draft 10.8 m

Coefficient Block 0.651
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RUDDER CHARACTERISTICS

Lateral Area 54.45 m2

Height 9.90 m

Mean Chord Length 5.50 m



VERIFICATION RESULTS
Turning Circle Maneuver Yaw Rate

Criteria Acceptance

Characteristics Criteria Experimental Simulation Differences Status

Advance < 4.5 L 2.855 L 2.882 L 0.032 1.10% Passed

Tactical 
Diameter 

< 5 L 2.716 L 2.693 L -0.017 -0.63% Passed

Course Keeping C > 0 - 8.829x10-7 - - Passed

References : [8] 17/32The simulation was conducted using MATLAB R2018b. The time domain is set to 50.0 s with a 0.1s interval for each step.



COLLIDED SHIP – JANE DOE
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HULL CHARACTERISTICS

Length between 
Perpendiculars 190.0 m

Moulded Breadth 32.26 m

Immersed Draft 10.8 m

Coefficient Block 0.842
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RUDDER CHARACTERISTICS

Lateral Area 54.45 m2

Height 9.90 m

Mean Chord Length 5.50 m



JOHN DOE MANEUVER RESULTS
Turning Circle Maneuver Yaw Rate

Criteria Acceptance

Characteristics Criteria Simulation Status

Advance < 4.5 L 4.482 L Passed

Tactical Diameter < 5 L 4.292 L Passed

Course Keeping C > 0 -3.511x10-5 Not Passed

19/32The simulation was conducted using MATLAB R2018b. The time domain is set to 50.0 s with a 0.1s interval for each step.



COMPARISON SUMMARY

Ships KCS JANE DOE

Characteristics Results
Safety 
Margin

Status Results
Safety 
Margin

Status

Advance 2.882 L 1.618L Passed 4.482 L 0.018L Passed

Tactical Diameter 2.693 L 2.307L Passed 4.292 L 0.708L Passed

Course Keeping 
Ability 8.829x10-7 - Passed -3.511x10-5 - Not 

Passed

20/32

Characteristics KCS JANE DOE

Length between Perpendiculars 230.0 m 190.0 m

Moulded Breadth 32.2 m 32.26 m

Immersed Draft 10.8 m 10.8 m

Coefficient Block 0.651 0.842

Rudder Lateral Area 54.45 m2 54.45 m2

Rudder Height 9.90 m 9.90 m

Rudder Mean Chord Length 5.50 m 5.50 m



SUMMARY OF JANE DOE CASE
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• Based on MSC.137(76) – Standards for Ship Maneuverability – Annex – 5 Standards – 5.3 
Criteria of Turning Circle Maneuver test, Jane Doe passed the standards with a relative 
minimum margin of safety. But still, this ship is considered to have “good” turning circle 
maneuverability with 4.482L for Advance, and 4.292L for Tactical Diameter. 

• With an amendment of additional guidance proposed to access maneuverability since the 
design stage, the Jane Doe ship is considered to have “poor” turning circle maneuverability, 
indicated by the high value of Advance, and Tactical Diameter compared to ships with 
similar characteristics. Even though it still passed the existing criteria which are required by the 
IMO, it failed the Course Keeping Ability criteria check, where the ship’s characteristics can 
be improved for better maneuverability performances to prevent a collision.

• A better ship’s design could be chosen to have better Course Keeping Ability, and a better 
rudder could be chosen to lower the value of the Advance and Tactical Diameter.

• With a better understanding of ships’ maneuverability since the design stage as proposed, it is 
believed that other “poor” maneuverability ships could be prevented which resulting a better 
future for ships’ operation.
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PROPOSED IDEAS

References : [2]

Section Existing Standards Analysis Proposed Solutions

MSC.137 – 4 
Definitions

Geometry of the ship and 
Standard manoeuvres and 

associated terminology

There is still a lack of 
definitions required in 

maneuverability checks
since the design stage.

Additional information 
regarding ships’ geometry 

and an additional section for 
Geometry of Rudders.  

MSC/Circular. 1053 
– Chapter 3.3

Prediction of Manoeuvring 
Performance

There is no guidance about 
how to perform the 

mathematical models based 
on the section

An additional section explain 
how mathematical models 

should be performed to 
evaluate maneuverability 

since the design stages 
should be added.

MSC/Circular. 1053 
–Appendix 4 

Additional trials to evaluate 
ships’ course-keeping ability 

based on the overshoot 
angles from zig-zag 

maneuver

Course keeping stability can 
be preliminary analyzed 

using the empirical formula 
of hydrodynamic 

coefficients. 

An additional section to 
explain how mathematical 

models should be performed 
to preliminary assess the 

course-keeping ability since 
the design stages should be 

added.
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1. DEFINITIONS
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MSC.137 – 4 Definitions  
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4.1.8 CB is the moulded block coefficient at Mean
Draught (TM)

4.2 Geometry of the Rudders
4.2.1 Mean height (hR) is the mean of the rudder
blade, see figure 4.1 Coordinate system of
rudders
4.2.2 Mean chord length (C) is the mean breadth
of the rudder blade, see figure 4.1 Coordinate
system of rudders
4.2.3 Lateral Area (AR) is the total lateral area of
the rudder blade, see figure 4.2 Rudder areas
4.2.4 Aspect Ratio (L) is the ratio of the height of
the rudder (hR) divided by the breadth (C) of the
rudder

Figure 4.1 Coordinate 
system of rudders

Figure 4.2 Rudder areas

Existing Course Keeping Ability assessment

Amendment Proposal 
Additional sub-section 4.1.8 and 4.1.9 for 

Geometry of the Ship

Amendment Proposal 
Additional Section 4.2 for Geometry of Rudders



2. TURNING CIRCLE 
MANEUVER CHECK

References : [2] 25/32

Existing Prediction of Maneuvering Performance

MSC/Circular. 1053 –
Chapter 3.3 – Mathematical Model

.1 When and where to use;
(i) Since the design stage, mathematical models

should be applied to assess ships’
maneuverability.

(ii) Mathematical models are to be applied to ships
of all rudder and propulsion types, of 100 m in
length and over, and chemical tankers and gas
carriers regardless of the length.

.2 How to use:
(i) Mathematical model are to be applied by using

empirical formulas, and databases, incorporated
with the theoretical calculations.

(ii) By using the available ship’s geometry and
rudder characteristics, numerical simulations
of maneuverability predictions shall be applied to
meet the maneuver criteria.

.3 Accuracy level or predicted results;
(i) Numerical simulation of maneuver results shall

comply with MSC. 137(76) – 5.3.1 Turning ability,
which shall be validated by model test or full-
scale maneuver test.

.4 Description of the mathematical model
(i) The mathematical models are to be applied in

accordance with the available data provided such
as ships’ geometry and rudder characteristics to
evaluate the maneuverability by using the
empirical formula, database, or any possible
methods.

Amendment Proposal 
Additional explanation

Note: MSC. 137(76) – 5.3.1 Turning ability
The advance should not exceed 4.5 ship lengths (L) and the tactical diameter should not exceed 5 ship lengths in the turning 
circle manoeuvre.



3. COURSE KEEPING 
ABILITY CHECK
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1.3 In a stable ship, any initial oscillation will
decay to zero, or any disturbances will affect the
ship’s course only for a moment.

1.4 Course-keeping ability can be preliminary
analyzed using the empirical formula of
hydrodynamic coefficients. Which represents the
effect of small disturbances such as wind or
waves on the ship's course.

1.5 Standard Criteria:
(i) The course-keeping ability can be
calculated by using the empirical formula
of hydrodynamic coefficients;
(ii) The course-keeping coefficients shall
not be less than 0;
(iii) The course-keeping coefficient can
be calculated as follow:

𝑁𝑟
′

𝑌𝑟
′ −𝑚′ >

𝑁𝑣
′

𝑌𝑣
′

𝑁𝑟
′𝑌𝑣

′ − 𝑁𝑣
′ 𝑌𝑟

′ −𝑚′ > 0

Amendment Proposal 
Additional sub-section of 1.3, 1.4, and 1.5 for 

Course Keeping Ability check 

Existing Course Keeping Ability Assessment

MSC/Circular. 1053 –
Appendix 4 – 1 Additional Methods to
Assess Course Keeping Ability
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SUMMARY

PROPOSED 
SOLUTIONS

PROBLEMS ANALYSIS

Collisions have become the main 
factor in marine accidents.

Ship operators who can 
compensate for ships’ poor 
maneuverability will be absent as 
MASS develops.

But still, maneuverability received 
little attention at the design stages 
due to a lack of standards and 
references.

Amendments to MSC.137 - Chapter 
4, regarding definitions of ships’ 
geometry and rudder’s geometry.

Amendments to MSC/Circular 
1053 – Chapter 3.3, regarding 
additional explanations about 
maneuver prediction in the design 
stages.

Amendments to MSC/Circular 
1053 - Appendix-4, regarding 
additional requirements of course-
keeping ability check in the design 
stages.

The turning Circle Maneuver is one 
of the maneuvers which perform 
the ships’ maximum turning ability.

There is still no specific guidance 
regarding ships’ turning ability for 
designers to design.

The ships’ turning ability will be 
known after the full-scale trials, 
which lead to future remedial 
actions.
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CONCLUSIONS (2/2)

LESS FUEL 
CONSUMPTION

LESS PRODUCTION 
WASTE

SAFE AND 
ENVIROMENTALLY 
SOUND

BENEFICIAL 
CHANGES IN SHIPS 
DESIGN
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“
Prepare and prevent,

Don’t repair and repent.
-unknown-
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