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ABSTRACT
This paper develops and validates a simple, nondimensional decision metric for jetty berthing that compares

the combined environmental disturbance loads from wind and current against the effective corrective capability
provided by assisting tugs. The approach formulates wind‑induced lateral force using a drag‑based expression
on the vessel’s exposed lateral area and current‑induced force using a hydrodynamic drag formulation on the pro‑
jected underwater area, while tug control is represented through the sum of available bollard pull adjusted by an
efϐiciency factor. These components are combined into the Approach Safety Index (ASI), deϐined as the ratio of to‑
tal environmental forcing to effective tug‑assisted control, where lower values indicate greater controllability and
values approaching unity indicate insufϐicient control margin. Model performance is evaluated through a full mis‑
sion Wärtsilä simulator exercise using a Handysize bulk carrier in ballast, supported by two ASD tugs rated at 36 t
bollard pull each, with wind and current progressively increased across scenarios. The computed ASI values align
closely with the harbour pilot’s qualitative controllability assessments, distinguishing clearly betweenmanageable,
marginal, and unsafe operating states. Based on the simulation outcomes, provisional empirical screening bands
were identiϐied to support ϐirst‑pass pilotage judgement under simpliϐied live berthing conditions. The ϐindings
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suggest that ASI can serve as a practical decision support and screening tool for pilots and port operators using
limited readily available inputs.
Keywords: Jetty Approach Safety; Mathematical Model; Approach Safety Index (ASI); Meteorology‑Based Pilotage
Decision; Maritime Risk Assessment

1. Introduction
Berthing a vessel at a jetty is a complex manoeuvre

that requires the careful balancing of environmental dis‑
turbances against the control forces available to the ves‑
sel. These disturbances, speciϐically wind and current,
vary markedly between ports and can change rapidly
in real time [1, 2]. Notwithstanding advances in simula‑
tion, automation, and situational monitoring technolo‑
gies, berthing safety assessment in most ports remains
predominantly experience‑based. Pilots often depend
on intuition and local knowledge rather than a consis‑
tent quantitative standard for determining whether en‑
vironmental loads can be safely counteracted during the
approach [3, 4].

Early research on berthing mechanics proposed
force‑based and energy‑based frameworks to describe
ship‑to‑quay interactions [5, 6], while classical tug and
manoeuvring studies established the operational impor‑
tance of wind disturbance, tug power, and low‑speed
control limitations during berthing [7, 8]. These studies
remain important because they established the physi‑
cal basis for force balance during approach and con‑
tact. However, contemporary berthing research has
moved beyond these early formulations toward more
structured low‑speed manoeuvring models, Computa‑
tional Fluid Dynamics (CFD)‑assisted hydrodynamic es‑
timation, sensor based berthing perception, and intelli‑
gent decision support systems.

Recent reviews show that modern berthing mod‑
els commonly decompose manoeuvring forces into hull
hydrodynamic loads, propulsion and steering forces,
environmental disturbances, and auxiliary device in‑
puts, often within related modular frameworks adapted
for low speed, high drift, and high yaw rate opera‑
tion [9]. In thesemodels, force distributions are no longer
treated only in aggregate form. Instead, they are es‑
timated through data‑based, system‑based, and CFD‑

basedmethods, with explicit treatment of wind, current,
shallow water effects, and tug assistance as part of the
overall manoeuvring response. Parallel to this, recent
autonomous berthing studies have expanded the ϐield
through sensing technology, control logic, and evalua‑
tion methods that combine mathematical models with
real‑time operational data [10].

In addition, recent smart port and berthing aid
studies have introduced real‑time LiDAR tracking, multi‑
sensor fusion, and spatial state monitoring to improve
relative position awareness and support safer berth ap‑
proach decisions [11–13]. Tug research has also advanced
toward intelligent escort control and sea trial validated
autonomous assistance functions [14]. Against this back‑
ground, the contribution of the present study is not
to compete with high‑ϐidelity Mathematical Modelling
Group (MMG), CFD, or sensor fusion‑based berthing
systems, but to provide a simpler operational index
that compresses the most decision‑critical relationship,
namely, environmental disturbance versus effective tug‑
assisted control, into a transparent and quickly inter‑
pretable threshold metric for live pilotage.

The literature therefore shows strong develop‑
ment in berthing mechanics and control support, but
a weaker contribution in relation to a compact, non‑
dimensional indicator that integrates the two domi‑
nant transverse disturbances, namely wind and cur‑
rent, with effective tug‑assisted control in a form us‑
able for rapid go or no‑go assessment. In particu‑
lar, a gap remains in translating complex environmen‑
tal loading into a pilot usable index that can support
pre‑arrival planning, tug sufϐiciency checks, and trans‑
parent operational justiϐication across ports. This
study addresses that gap by developing the Approach
Safety Index (ASI) as a simpliϐied load‑to‑control ra‑
tio and examining whether its values correspond with
observed controllability in both simulator‑based and
ϐield‑referenced conditions.
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Research Objective, Research Question, and Novelty
The primary objective of this study is to develop

and validate a mathematical model for evaluating the
safety of a vessel’s approach to a jetty by accounting for
the combined effects ofwind, current, and tug assistance.
More speciϐically, the study seeks to convert these inter‑
acting factors into a simple operational index that can be
interpreted quickly by harbour pilots and port operators
during approach planning and execution.

The study is guided by the following research ques‑
tion: Can a simple non‑dimensional ratio between com‑
bined environmental disturbance loads and effective tug
assisted control provide an operationally meaningful
measure of jetty approach safety and produce usable
threshold bands consistent with pilot controllability as‑
sessments?

The novelty of this study lies in translating these in‑
teracting forces into a compact decision metric for oper‑
ational use during live pilotage, rather than examining
them only through detailed manoeuvring analysis, auto‑
mated control design, or tug allocation optimisation.

The proposed ASI is intended as a simpliϐied ϐirst‑
level pilotage support tool for live berthing situations in
which full manoeuvring information is not immediately
available to the pilot. It is therefore designed to support
rapid preliminary judgement based on the most observ‑
able operational inputs, rather than to replace full dy‑
namic assessment of ship response.

2. Literature Review

2.1. Wind Force as a Dominant Berthing Pa‑
rameter

Wind force consistently appears as one of the
most inϐluential external forces affecting berthing safety
across the reviewed literature. Research on cooperative
manoeuvring [15], tugboat handling elements [16], and tug
operation optimisation [17] emphasises that wind acting
on a vessel’s exposed superstructure can generate sub‑
stantial lateral drift, particularly during low‑speed ap‑
proaches. This effect is further underscored in early
studies by Takashina [7] and Honda [8], which show that
even moderate winds can markedly degrade steering
response. Similarly, CFD‑based investigations of un‑

manned ship berthing [18] and autonomous tug opera‑
tions [19] identify wind as a primary destabilising fac‑
tor that increases control complexity and challenges the
robustness of automatic control algorithms. More re‑
cent reviews on ship particular design [20] and emerging
berthing simulation technologies [9] reafϐirm that wind
loadsmay exceed a vessel’s available manoeuvring capa‑
bility, reinforcing wind induced drift as a persistent and
critical theme in berthing research.

2.2. Current‑Induced Hydrodynamic Force

Current forces acting on the underwater hull con‑
stitute the second major variable identiϐied in the lit‑
erature, with many studies emphasising their effects
on approach stability and positional accuracy. Hydro‑
dynamic resistance modelling and CFD‑based simula‑
tions [9, 18] indicate that currents can induce substan‑
tial surge, sway, and yaw responses, particularly in
conϐined port environments characterised by complex
ϐlow ϐields. Research on emergency unberthing scenar‑
ios [21] and integrated port operation assessments [22]
further demonstrates that current induced drift can re‑
duce rudder effectiveness at lowspeeds, thereby increas‑
ing the likelihood of unintended lateral displacement.
Studies on autonomous berthing support systems [23–25]
similarly show that current estimation and prediction
must be embedded within control algorithms to min‑
imise track deviation and improve trajectory adherence.
Overall, the literature recognises current as a dominant
hydrodynamic parameter that introduces nonlinear be‑
haviour, often complicating both manual and automated
approach strategies. From a modelling perspective, re‑
cent berthing studies increasingly treat environmen‑
tal and manoeuvring forces within modular low speed
ship motion frameworks rather than as isolated empir‑
ical terms. Contemporary automatic berthing models
commonly separate hull forces, propulsion and steer‑
ing forces, external disturbances, and auxiliary device
actions so that the resulting sway, surge, and yaw re‑
sponses can be resolved more explicitly under berthing
conditions [9, 18]. This is particularly important because
lowspeedoperation, large drift angles, andhigh yawsen‑
sitivity cause force distributions during berthing to dif‑
fer materially from those assumed in conventional mod‑

195



Sustainable Marine Structures | Volume 08 | Issue 02 | June 2026

erate speed manoeuvring models. The present study
draws on this modern understanding, but simpliϐies the
problem deliberately by retaining only the force compo‑
nents most directly relevant to rapid pilotage interpreta‑
tion, namely wind, current, and tug‑assisted control.

2.3. Tug‑Assisted Control as the Corrective
Mechanism

The third recurrent parameter concerns the correc‑
tive role of tugboats, which most studies identify as the
primary counterforce to environmental disturbances
during berthing. Foundational research on tug power
requirements [8, 26] and tug handling procedures [16] in‑
dicates that tug‑generated forces largely determine a
vessel’s ability to maintain its intended trajectory un‑
der the inϐluence of wind and current. Optimisation
studies [17, 27, 28] further show that appropriate tug al‑
location, effective bollard pull distribution, and coordi‑
nated pushing or pulling strategies can materially re‑
duce berthing risk. Recent work has extended the tug
allocation literature beyond berth‑level assistance to
broader waterway‑level deployment and risk manage‑
ment. A recent study proposed a systematic framework
for optimal tugboat placement in the Dardanelles us‑
ing Fuzzy Delphi, P‑Median, and Linear Programming,
showing that improved tug positioning can reduce acci‑
dent frequency and severitywhile improving emergency
response [29]. Another study developed a risk‑based
ship‑tug allocation approach for the Istanbul Strait and
demonstrated how vessel classiϐication and structured
allocation logic can support safer tug assignment in com‑
plex waterways [30]. Although these studies focus on
strategic straits rather than jetty berthing, they reinforce
the broader importance of structured tug allocation and
support the present study’s emphasis on quantifying
whether available tug assisted control is sufϐicient under
prevailing environmental conditions.

Research addressing shuttle tankers, container
terminals, and dual carbon operational contexts [31, 32]
similarly reinforces the reliance on tug assistance for
safe manoeuvre execution, particularly for large ves‑
sels with limited inherent manoeuvrability. In addition,
mathematical models of cooperative ship tug manoeu‑
vring [15, 33] emphasise that tug‑assisted control is cru‑

cial for maintaining heading, managing speed reduction,
and achieving accurate lateral positioning during the ϐi‑
nal metres of approach. Overall, the literature indicates
that tugboats function as the essential corrective mecha‑
nism through which ships counteract wind and current
loads during berthing.

Taken together, the reviewed studies consistently
identify wind, current, and tug assistance as principal
variables shaping berthing controllability, but recent
literature also shows that these variables are increas‑
ingly embedded within broader MMG‑based manoeu‑
vring models, CFD‑informed hydrodynamic estimation,
sensor fusion perception systems, and intelligent con‑
trol frameworks. Accordingly, the present study adopts
a simpliϐied force‑basedmethodology not because these
higher ϐidelity approaches are unimportant, but because
pilotage operations often still require an interpretable
threshold tool that can be applied quickly with a lim‑
ited set of observable inputs. The contribution of the
present study is therefore to complement, rather than re‑
place,modernberthing support technologies by express‑
ing the balance between disturbance and control as the
ASI, a non‑dimensional load‑to‑control ratio intended to
support transparent go‑or‑no‑go judgments during jetty
approaches.

3. Mathematical Model

In practical pilotage, full information on yaw mo‑
ment balance, pivot pointmigration, tug lever arm geom‑
etry, and time‑varying hydrodynamic interaction is not
always available in a form that can be quantiϐied quickly
during a live approach. For this reason, the present
model is intentionally simpliϐied to use a limited num‑
ber of inputs that are more readily observable or oper‑
ationally estimable by pilots and port operators during
berth approach. The resulting ASI is therefore intended
as a preliminary screening aid for live judgement, rather
than as a complete mathematical representation of all
manoeuvring dynamics.

This study adopts a simpliϐied analytical modelling
approach because its purpose is not to reproduce the
full dynamics of berthing with high ϐidelity, but to de‑
velop a practical decision metric that can be interpreted
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quickly during live pilotage. In line with the literature
reviewed above, the method focuses on the three vari‑
ables that recur most consistently in shaping control‑
lability, namely wind, current, and tug assistance. Be‑
cause these forces are directional in practice, their effec‑
tive contribution to berth approach control depends on
the angle at which they act relative to the ship’s longi‑
tudinal axis. In the most general case, only the trans‑
verse component of each force contributes directly to lat‑
eral drift or corrective control. However, for the present
study, the ASI is formulated as a conservativeworst‑case
screening index by adopting the maximum transverse
loading condition, namely when wind and current act
approximately at right angles to the ship and tug correc‑
tive action is also taken in its maximum effective trans‑
verse direction. This choice preserves interpretability,
transparency, and operational usability while retaining
a clear grounding in force‑based berthing research and
tug assisted manoeuvring studies.

3.1. Wind‑Induced Force

Consistent with the literature review, the model
formulation represents wind and current as the domi‑
nant disturbance forces and tug assistance as the princi‑
pal corrective mechanism during berthing. Building on
the drag formulation presented by Fuss [34], the lateral
wind force can be approximated as follows:

Fw = 0.5ρairCdwindAwindW
2 (1)

Where:
ρair = 1.225 kg/m3;
Cdwind

= Empirical drag coefϐicient for ship super‑
structure;

Awind = Exposed lateral area abovewaterline (m2);
W = Mean wind speed (m/s).

3.2. Current‑Induced Force

The current induced force is represented using a
drag‑based hydrodynamic formulation applied to the
projected underwater area, adapted from standard force
expressions used in hydrodynamic and manoeuvring
studies [18, 22].

Fc = 0.5 ρwater Cdcurrent Acurrent C
2 (2)

Where:
ρwater = 1,025 kg/m3;
Cdcurrent = Hydrodynamic drag coefϐicient for under‑

water hull;
Acurrent = Projected underwater area normal to cur‑

rent;
Acurrent = Block Coefϐicient × B (beam) × T (draft);
C = Current Velocity (m/s);

3.3. Tug Assisted Control

Available tug‑assisted control is represented oper‑
ationally as the sum of available bollard pull reduced
by an effective efϐiciency factor that depends on tug op‑
erating condition. Rather than being treated as univer‑
sally constant, tug efϐiciency is better understood as a
dynamic variable inϐluenced by speed through water,
current, tow or push geometry, and operational mode.
This is consistentwith recent tug performance literature
showing that bollard pull alone may be insufϐicient as
a stand‑alone capability measure, and with escort trial
practice in which tug performance is evaluated across
multiple speeds and towing angles rather than by a sin‑
gle ϐixed value [8, 16, 26]. Accordingly, the available correc‑
tive force is written as:

FT = η(Urel)

n∑
i=1

BPi (3)

Where:
η (Urel)=effective tug efϐiciency factor as a function

of relative speed through water;
Urel = tug speed through water or equivalent rela‑

tive ϐlow condition during assistance;
BPi = bollard pull of assisting tug i.
In the present study, η = 0.7 is retained only as

a nominal reference value for simpliϐied harbour assis‑
tance screening under controlled low‑speed conditions.
It should not be interpreted as a universally valid ASD
tug efϐiciency. As the relative water ϐlow acting on the
tug increases, the effective corrective force available for
push or pull assistance may be reduced by hydrody‑
namic resistance, thrust deduction, and operational ge‑
ometry effects. The simpliϐied ASI therefore uses η = 0.7

as a practical ϐirst‑pass assumption, while recognising
that the true corrective capability may be lower in de‑
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manding current conditions.

3.4. Approach Safety Index (ASI)

To assess operational safety, this study proposes
the ASI as a nondimensional ratio between transverse
disturbing force and available transverse corrective
force. In the general case, if the wind and current act at
angles θw and θc relative to the ship’s longitudinal axis,
their effective transverse componentsmay bewritten as:

Fw,⊥ = Fw sin θw (4)

Fc,⊥ = Fc sin θc (5)
and if the assisting tug or tugs act at an effective angle
βi relative to the ship’s longitudinal axis, the transverse
corrective component may be written as:

FT,⊥ = η

n∑
i=1

BPi sinβi (6)

Accordingly, a more general directional form of the
index can be expressed as:

ASI =
Fw sin θw + Fc sin θc
η
∑n

i=1 BPi sinβi
(7)

Where:
θw = wind angle relative to the ship’s longitudinal

axis;
θc = current angle relative to the ship’s longitudinal

axis;
βi =effective angle of tug iforce relative to the ship’s

longitudinal axis;
Fw,⊥ = transverse component of wind force;
Fc,⊥ = transverse component of current force;
FT,⊥ = total effective transverse corrective force

from assisting tugs.
For the purpose of the present study, a conservative

worst‑case transverse loading assumption is adopted.
Under this condition, wind and current are taken to act
approximately at right angles to the ship, and tug correc‑
tive action is taken in its maximum effective transverse
direction, so that:

θw ≈ 90◦, θc ≈ 90◦, βi ≈ 90◦

Since sin 90◦ = 1, Equation (7) reduces to the sim‑
pliϐied operational form used in this study:

ASI =
Fw + Fc

η
∑n

i=1 BPi
(8)

This simpliϐied form should therefore be inter‑
preted as a conservative upper‑bound screening metric
for transverse environmental loading rather than as a
full vector‑resolved manoeuvring model. Lower ASI val‑
ues indicate greater controllability, whereas values ap‑
proaching or exceeding unity indicate an inadequate cor‑
rective margin.

Accordingly, the ASI should not be interpreted as
a full substitute for detailed manoeuvring analysis that
explicitly resolves rotational moments, pivot point be‑
haviour, and tug leverage effects. Its intended purpose
is to provide a simpliϐied and conservative ϐirst pass in‑
dication ofwhether the observed environmental loading
is likely to challenge the available corrective capability
during live berthing.

4. Simulation‑Based Validation

4.1. Experimental Setup

Model validation was designed in two stages. First,
a Wärtsilä full mission ship simulator was used to test
whether the proposed ASI varies in a manner consis‑
tentwithpilot perceived controllability under controlled
and progressively more demanding environmental con‑
ditions. The simulator was selected because it allows
wind and current to be varied systematically while ves‑
sel type, tug conϐiguration, and operational context re‑
main controlled, thereby making it suitable for initial
validation of a simpliϐied decision metric. Second, a
ϐield‑based application using an actual jetty approach
by an LPG tanker at Johor Port was included to exam‑
ine whether the index also retains operational mean‑
ing outside the simulator environment. This combined
validation design was chosen because the study seeks
to demonstrate practical usefulness and interpretability,
rather than only mathematical consistency.

For the purpose of ASI calculation, the environ‑
mental and corrective forces were interpreted conserva‑
tively using the maximum transverse effect assumption,
so that the index represents an upper‑bound screening
condition for lateral drift risk during approach. Like‑
wise, tug efϐiciency was treated in the simulations us‑
ing a nominal reference value for simpliϐied comparison
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across cases, rather than as a fully speed‑dependent per‑
formance function.

All trials employed a Handysize bulk carrier in bal‑
last condition, supported by two ASD tugs with a rated
bollard pull of 36 t each, thereby providing a consistent
level of available control authority. Seven simulation sce‑
narios were executed, with wind and current speeds in‑
creasedprogressively between runs. The scenarioswere

conducted under the command of a newly licensed har‑
bour pilot to represent a conservative, worst‑case expe‑
rience level [35].

4.2. Vessel Particulars

The particulars of the selected vessel for the study
are summarised in Table 1.

Table 1. Vessel particulars.
Ship’s Particular Details

Vessel Category Bulk carrier
∆ 23,565.0 t

Approach Speed 1.0 knots
Engine Category Slow speed diesel (1 × 8,827 kW)

Propeller Category Fixed Pitch Propeller
Length 183 m
Breadth 23 m
Draft 7.6 m

Freeboard 9.0 m

4.3. Results

Across the seven trials, the ASI values showed a
clear correspondence with the pilot’s qualitative as‑
sessment of vessel controllability. When the calculated
ASI was below 0.40, the vessel remained consistently
manageable, with predictable drift behaviour and only
simple corrective actions required. As wind and cur‑
rent effects increased and the ASI fell within the range

of 0.40 to 0.70, the available control margin was no‑
ticeably reduced. Under these conditions, continuous
corrective inputs, greater rudder utilisation, and closer
operational monitoring were necessary. When the ASI
reached or exceeded 0.70, the environmental loads ex‑
ceeded the available tug‑assisted control capability, re‑
sulting in unsafe drift behaviour and an operational de‑
cision to abort the approach. These observations are
summarised in Table 2.

Table 2. Simulation results.
Case Wind

(kn)
Current
(kn)

Fwind

(kN)
Fcurrent

(kN)
ASI Simulation Result

1 6 1 9.61 23.71 0.07 Safely alongside
2 9 1 21.63 23.71 0.09 Safely alongside
3 12 2 38.44 94.84 0.27 Safely alongside
4 15 2.5 60.07 148.18 0.42 Signiϐicant corrections needed. Delayed berthing
5 18 3 86.50 213.38 0.61 Continuous corrections needed. Difϐicult to control. Delayed berthing
6 21 3 117.74 213.38 0.67 Continuous corrections needed. Difϐicult to control. Delayed berthing
7 25 3 166.86 213.38 0.77 Highly difϐicult to control. Abort berthing

4.4. Operational Thresholds
Based on the seven simulator runs, provisional

empirical screening bands were derived by comparing
calculated ASI values with the pilot’s qualitative con‑
trollability assessment in each case. In the present
dataset, all cases completed safely without notable dif‑
ϐiculty fell below ASI 0.30, the ϐirst case requiring sig‑

niϐicant correction and delayed berthing occurred at
ASI 0.42, the next twodifϐicult but still completed cases
occurred at ASI 0.61 and 0.67, and the ϐirst aborted
case occurred at ASI 0.77, as shown in Table 3. On
that basis, the lower transition boundary was conser‑
vatively rounded to 0.40 to separate clearly manage‑
able cases from those requiring materially increased
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corrective effort, while the upper transition boundary
was conservatively rounded to 0.70 to provide an early
warning band below the ϐirst observed abort case. The

resulting values are therefore not presented as univer‑
sal safety limits, but as provisional screening thresh‑
olds calibrated to the present simulation dataset.

Table 3. Provisional empirical screening bands derived from the present simulation dataset.
No. ASI Proposed Operational Status Description

1 <0.40 Manageable Vessel remains controllable with standard pilotage effort.
2 0.40–0.70 Conditional/Increased control demand Marginal conditions; operation possible with reduced control margin.
3 >0.7 Critical/High abort likelihood High risk of uncontrolled drift; approach should be suspended.

Although these provisional screening bands are not
intended to function as universal operational limits, they
remain useful as a structured interpretive aid for pi‑
lotage planning. In practical terms, the bands help dis‑
tinguish between conditions that are broadly manage‑
able under normal corrective effort and those that re‑
quire greater caution, additionalmonitoring, or stronger
tug support. This is particularly valuable in live pilotage,
where decisions often must be made rapidly and un‑
der incomplete dynamic information. By converting the
simulator‑observed transition from manageable to difϐi‑
cult to abort‑prone conditions into a simple numerical
screening framework, the ASI bands provide an initial
reference point that can support more transparent pre‑
berthing discussion between pilots, tug masters, port
control, and terminal operators.

These bands should be interpreted as provisional
empirical screening thresholds rather than ϐixed opera‑
tional limits. They were derived from a limited dataset
comprising seven simulation cases assessed by a single
pilot and are intended to support ϐirst‑pass interpreta‑
tion of increasing disturbance severity relative to avail‑
able corrective force. They are not intended to replace
full pilotage assessment, and their practical meaning re‑
mains dependent on ship type, loading condition, tug
conϐiguration, environmental directionality, and effec‑
tive tug performance. A reduction in effective tug per‑
formance at higher relativewater speedswould increase
ASI and reduce the available safety margin.

The ASI captures key elements of approach safety
by representing controllability as a simple load‑to‑
control ratio. Importantly, the index can be used not only
to interpret present conditions, but also to test opera‑
tional alternatives such as increasing tug allocation, se‑
lecting higher bollard pull support, or delaying the ma‑

noeuvre until environmental loading decreases. This
gives pilots andport operators a structuredbasis for doc‑
umenting berthing decisions and for aligning tug deploy‑
ment with measurable environmental demand.

5. Field Validation Using an LPG
Tanker at Johor Port
To further examine the operational realism of the

proposed ASI, the framework was applied to an actual
jetty approach conducted at Pengerang Jetty 6212, Jo‑
hor Port Berhad. The manoeuvre was executed by a se‑
nior pilot with 14 years of licensed experience, under
close monitoring by port control, which provides a cred‑
ible professional benchmark for evaluating controllabil‑
ity under challenging conditions. The vessel particulars
and manoeuvring parameters are presented in Table 4.

Using the ASI formulation, the wind and current
disturbances were interpreted under the conservative
worst‑case transverse loading assumption and com‑
pared against the effective transverse corrective capabil‑
ity of the assisting tugs, using η = 0.7 as a nominal refer‑
ence value. Because the ϐield case involved a transverse
current of 4.5 knots, this ASI should be interpreted as a
simpliϐied screening estimate rather than an exact repre‑
sentation of actual tug effectiveness, since the true effec‑
tive corrective force may have been lower under the pre‑
vailing relative ϐlow condition. This means that the re‑
ported ASI of 0.630may be viewed as a nominal baseline
rather than an upper certainty value. If the effective tug
efϐiciency in the ϐield case were lower than 0.7, the cor‑
responding ASI would increase and the operation would
move closer to, or further into, the high‑risk range. For
example, at η = 0.6, ASI becomes 0.735, and at η = 0.5,
ASI becomes 0.882.
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In the pilot’s assessment, the operation was cate‑
gorised as Hard, primarily because the vessel was ex‑
posed to a strong transverse current within a restricted
manoeuvring area. The current created a persistent lat‑
eral set that reduced the available margin for positional
correction and increased the difϐiculty of maintaining
the intended approach line. Unlike a more open water

manoeuvre, the limited sea room around the jettymeant
that even a small delay in corrective action could result
in rapid drift toward an unsafe position. For this rea‑
son, the pilot had to maintain a high level of situational
awareness and continuously balance the vessel’s head‑
ing, speed, drift, and tug response throughout the ap‑
proach.

Table 4. Maneuvering parameters.
Parameter Value

Vessel Type LPG Tanker
Length Overall (LOA) 119 m

Beam (B) 17 m
Draft (T) 8.0 m
Freeboard 3.0 m

Current Speed 4.5 knots
Wind Speed 15 knots

Number of Tugs 2
Tug Type ASD (Azimuth Stern Drive)

Bollard Pull per Tug 45 t
Total Bollard Pull 90 t
Tug Efϐiciency 0.7 (pushing/backing mode)

The pilot’s narrative assessment indicated that safe
completion of themanoeuvre depended heavily on keep‑
ing the vessel’s heading as close as practicable into the
current. This was necessary to reduce the transverse
component of the current acting on the hull and to pre‑
vent excessive sideways movement during the ϐinal ap‑
proach. At the same time, the assisting tugs were re‑
quired to provide almost continuous corrective force, es‑
pecially at the bow, where drift control was critical. The
need for sustained tug input showed that the vessel was
not operating with a large reserve of control capability,
but rather within a reduced safety margin where rapid
communication and immediate tug responsewere essen‑
tial.

This operational description is consistent with the
computed ASI value of 0.630, which falls within the con‑
ditional operating band identiϐied in the simulation re‑
sults. The value indicates that the environmental dis‑
turbance forces were signiϐicant in relation to the avail‑
able tug‑assisted control capability. Although the ma‑
noeuvre remained possible, it required continuous cor‑
rection, close monitoring, and limited tolerance for de‑
viation. Therefore, the ASI did not merely produce an
abstract numerical result, but reϐlected the practical dif‑
ϐiculty experienced by the pilot during the actual ap‑

proach.
The close agreement between the computed ASI

and the pilot’s professional judgement supports the use‑
fulness of the index as a practical decision support mea‑
sure. It demonstrates that ASI can translate operational
experience into a repeatable quantitative indicator that
may assist pilots, tug masters, port control, and termi‑
nal operators in discussing berthing risk more trans‑
parently. While the index does not replace pilot exper‑
tise, it provides a simple and structured way to express
whether the prevailing wind and current conditions are
approaching the available tug control limit. This makes
ASI useful as a preliminary screening tool for operational
planning, tug adequacy assessment, and post‑operation
review using inputs that are readily observable during
live pilotage.

6. Conclusion
This study developed a streamlined mathematical

framework for assessing the safety of a vessel’s approach
to a jetty by integratingwinddisturbance, current distur‑
bance, and tug‑assisted corrective capability into a sin‑
gle non‑dimensional ratio, namely the Approach Safety
Index, or ASI. Unlike earlier work that primarily em‑
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phasizes detailed manoeuvring mechanics, automatic
berthing control architectures, or tug optimisation at a
more complex modelling level, the present study con‑
tributes a simpler operational index intended for direct
pilotage interpretation. This distinction is important be‑
cause much recent berthing research has increasingly
relied on Modular Mathematical Group type modelling,
Computational FluidDynamics assisted force estimation,
real‑time LiDAR based perception, and multi‑sensor fu‑
sion systems. While such approaches offer high analyt‑
ical value and can represent ship response with much
greater ϐidelity, they also demand levels of data, mod‑
elling detail, and system integration that are not always
available in a live pilotage setting. In this respect, the
ASI should be understood as a conservative transverse
screening indexbasedonamaximumadverse loading as‑
sumption, rather than as a full vector resolved manoeu‑
vring model.

The simulator‑based validation demonstrated that
the proposed index is capable of distinguishing broad
levels of controllability in a manner that corresponded
well with the pilot’s practical assessment of the ap‑
proach. Across the seven full mission simulator trials,
lower ASI values were associated with manageable con‑
ditions in which the vessel remained controllable with
relatively standard pilotage effort, predictable drift be‑
haviour, and limited corrective demand. As the ASI in‑
creased, the available control margin visibly reduced,
and the scenarios moved into a condition requiring con‑
tinuous correction, closer monitoring, and greater oper‑
ational caution. At the highest values observed in the
study, the index alignedwith a critical condition inwhich
the vessel was no longer considered safely controllable
and the manoeuvre was aborted. Although these re‑
sults donot establishuniversal safety limits, theydemon‑
strate that the ASI captures a meaningful relationship
between environmental loading and available correc‑
tive capability and can therefore contribute to practical
berthing judgement in a structured way.

An important contribution of the present study
lies in its operational interpretability. The ASI does
not attempt to replace detailed hydrodynamic models,
surge sway yaw equations, or pilot expertise. Instead,
it translates a complex decision environment into a sim‑

pler form that can support rapid preliminary assess‑
ment. In practice, pilots and port operators often need
to make timely decisions under conditions where only a
limited set of immediately observable or operationally
estimable parameters is available. Wind speed, cur‑
rent speed, tug bollard pull, and general awareness of
ship condition are more readily usable in live situa‑
tions than complete dynamic information on turningmo‑
ments, pivot point behaviour, or time varying force redis‑
tribution. By focusing on this limited but operationally
relevant input set, the ASI offers a pragmatic method for
screening whether the prevailing environmental forces
are likely to challenge the available tug‑assisted control
margin.

From a practical and policy perspective, the ASI of‑
fers several potential applications. At the operational
level, it can supportmore structured pre‑arrival and pre‑
berthing assessments by helping pilots and port opera‑
tors translate prevailing environmental conditions into
a quantiϐied indication of controllability. At the organ‑
isational level, it may assist pilotage service providers
and terminal operators in deϐining preliminary operat‑
ing windows, identifying cases in which additional tug
support may be prudent, and documenting the basis on
which a manoeuvre was permitted, delayed, or discon‑
tinued. At the governance level, the ASI may also sup‑
port post‑operation review, incident analysis, simulator
based training, and the development of more transpar‑
ent local berthing guidance. In that sense, the proposed
metric has value not only as a manoeuvring aid, but also
as a governance support tool that may improve consis‑
tency, accountability, and communication in tug assisted
berthing operations.

The ϐield based application further strengthened
the practical relevance of the study. The case involving
an LPG tanker approach at Pengerang showed that the
computed ASI of 0.630 corresponded closelywith the se‑
nior pilot’s narrative assessment of the manoeuvre as
hard, particularly under the inϐluence of strong trans‑
verse current and the need for persistent corrective tug
action. This agreement is signiϐicant because it suggests
that, even when applied in a simpliϐied form, the ASI
can provide a quantitative frame for understanding pi‑
lot judgment rather thanmerely reproducing an abstract
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mathematical ratio. The value of the index in such a case
is not that it eliminates the need for pilot expertise, but
that it offers a transparent numeric reference that can
support discussion, decision making, and retrospective
evaluation under demanding environmental conditions.

At the same time, the present formulation remains
intentionally simpliϐied. It does not explicitly resolve
yaw moment balance, rate of turn effects, wave‑induced
forces, bank effect, shallow water interaction, or time‑
varyinghydrodynamic control dynamics. It also does not
fully represent the geometry‑dependent effectiveness of
tug forces under every operating condition. These omis‑
sions were not accidental. They reϐlect a deliberate
design choice to preserve usability, transparency, and
speed of interpretation for operational decision support.
Nevertheless, these simpliϐications also deϐine the clear
boundary of the present contribution. The ASI is best un‑
derstood as a conservative ϐirst‑level screening tool that
helps interpret whether a manoeuvre is moving from
manageable toward critical conditions, rather than as a
complete substitute for full ship handling analysis.

Future work should therefore move in two related
directions. First, additional validation should be con‑
ducted across a wider range of vessel types, loading con‑
ditions, tug conϐigurations, and port geometries so that
the empirical interpretation of the index can be strength‑
ened and reϐined. Second, the model itself may be ex‑
tended to incorporate more realistic treatment of direc‑
tional effects, tug performance reduction, and coupled
force and moment considerations while preserving the
core simplicity thatmakes the index operationally attrac‑
tive. In this way, the present study should be seen as an
initial butmeaningful step toward amore structured and
transparent method for supporting live berthing judg‑
ment under environmental uncertainty.
Limitations of the Study

The present ASI formulation is intentionally sim‑
pliϐied and should be understood as a live pilotage
screening tool rather than a full manoeuvring model.
In practical berthing, pilots do not always have access
to complete real‑time information on yaw moment bal‑
ance, pivot point migration, tug leverage arm, or time‑
varying hydrodynamic interaction in a form that can be
quantiϐied immediately. The ASI therefore focuses on

the most readily usable operational inputs to support
rapid preliminary judgement, while recognising that ϐi‑
nal berthing decisions must still incorporate pilot exper‑
tise and broader ship handling considerations.

A further limitation of the present study is that the
simulator validation was conducted using only one ves‑
sel type, namely a Handysize bulk carrier in ballast con‑
dition. The resultingASI interpretationmay therefore re‑
ϐlect the response characteristics of this vessel class and
loading conditionmore strongly than those of other ship
types, sizes, propulsion arrangements, or loading states.
Although the provisional screening bands are explained
in Section 4.4, their broader applicability remains lim‑
ited because the validation dataset is small and tied to
one pilot’s qualitative assessment.

The present formulation uses a nominal tug efϐi‑
ciency assumption for screening purposes, whereas ac‑
tual ASD tug effectiveness varies with speed through
water, current, and operating geometry. Future de‑
velopment should therefore replace the ϐixed efϐiciency
factor with tug‑speciϐic performance curves or speed‑
dependent correction functions.

In addition, the threshold bands proposed in this
study are based on a limited simulation dataset and one
pilot’s qualitative assessment, and should therefore be
interpreted as provisional calibration values rather than
universal safety thresholds.
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[22] Tannuri, E., Câmara, J., Silva, D., et al., 2016. As‑
sessment of New Port Operations Using Integrated
Analysis: A Case Study in Port of Mucuripe (CE,
Brazil). Social Science ResearchNetwork. Available
from: https://consensus.app/papers/assessmen
t‑of‑new‑port‑operations‑using‑integrated‑tan
nuri‑c%C3%A2mara/44ee5c5eede857b4b39ca
576d3cbf6f0/

[23] Nguyen, V.S., 2019. Investigation on a novel sup‑
port system for automatic ship berthing in marine
practice. Journal of Marine Science and Engineer‑
ing. 7(4), 114. DOI: https://doi.org/10.3390/jmse
7040114
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