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Abstract. Emergency conditions in a port request special precaution measures taken by ships when in the major-
ity of cases they necessitate leaving port waters in the shortest time. Good management, awareness and timely actions
can help with avoiding difficulties encountered by ships under emergency conditions at ports. The conducted research
suggested in the article has been based on investigation into ship maneuverability considering complicated weather
conditions, theoretical methods for the feasibility of ship maneuverability referring to difficult conditions, experimental
tests using the calibrated Simulator and evaluation of real ships under similar conditions. The results of the presented
research could be used for analyzing the situation in different ports with different ships regarding practical preparation
for vessels to leave the port under emergency conditions without any delay.
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1. Introduction

Emergency conditions in ports request precaution meas-
ures taken by ships and in many cases a prompt leave of
port waters (James Molinary Ltd. 2011). Weather con-
ditions can change when approaching or departing a
port, and thus it is necessary to take into account exter-
nal forces like wind, waves, current, shallow water, etc.
(BS 6349-4:2000).

In the event of the ship calling at the port and in
case of emergency, it is necessary to leave the port fre-
quently with no chance of receiving attendance from the
port, i.e. pilot or tug assistance etc. In that case, the cap-
tain is fully responsible for a safe departure of the ship
from the port as soon as possible (Baublys 1997; Pau-
lauskas et al. 2008; Peckham 2001). The ships approach-
ing the port, in most instances, should consider weather
or other dangerous conditions so that to avoid potential
emergency situations. In the cases of emergency situa-
tions at the port during ship berthing, the vessel has no
possibilities of hesitation, and therefore the ship master
must consider all possible actions that could guarantee
safe departure from the port or terminal area (Strem
2004; Criteria for Movements... 1995). The cargo ter-
minals used for storing dangerous and hazardous goods
are mainly built close to port entrances, because these
places have greater depth (BS 6349-1:2000; Somanathan
et al. 2009; Strubbe 1987).

A theoretical study and methodology for calculat-
ing the preparation of ship maneuverability combining

external (wind, waves, current, shallow water effect, etc.)
and internal (ship propeller and ruder, thrusters) forces
having an impact on the ship and achieved employing
theoretical methods, simulator testing, a subsequent
evaluation of differences, the analysis of real conditions
(real ships and environmental conditions), practical so-
lutions and possibilities are the key subjects of research
presented in the article.

Good knowledge about the possibilities of ship ma-
neuverability and the impact of natural conditions on
the opportunities of ship maneuvers are based on re-
search results presented in the article and can be used
for ensuring the safety of ships leaving the port or termi-
nal area in the shortest time so that to avoid complicated
emergency situations (Figs 1 and 2).

2. Emergency Situations in Ports (Explosions
and Fire on Terminals, Attacks on Ships,
Sudden Weather Changes)

Emergency situations in ports are related to explosions
or fires on terminals, especially on those storing oil, gas
or chemical products, when staying alongside is impos-
sible due to the moored ships that must leave the port
as fast as possible. Terrorist attacks and other potential
dangers toward ships very often prompt a necessity for
speedy departure from the port in the shortest time
(Paulauskas 1999; Paulauskas et al. 2008; Paulauskas, V.,
Paulauskas, D. 2009).
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Fig. 1. Jetties at the oil terminal in the Port of Ventspils
(Latvia)

Fig. 2. Jetties at the oil terminal in the Port of Kalundborg
(Denmark)

Assistance for ships, port pilots and port tugs is
limited in emergency situations because of urgent ne-
cessity to leave the port for many ships at the same time.
Tug assistance is needed to solve the problems of port
emergency etc.

Although pilot assistance in emergency situations
could be provided, yet sometimes there are not enough
pilots and frequently the shipmaster is the only person
who takes full responsibility for safely leaving from a
terminal or port taking into consideration ship maneu-
verability and environmental conditions.

Good knowledge and awareness taking into ac-
count the possibilities of ship maneuverability under
adverse external and internal forces can be helpful for a
shipmaster in emergency situations. Currents and winds
often make the impact of external force on the ship hav-
ing different characteristic vectors and as a result can
be successfully used for implementing the approached
tasks.

The oil terminal (Berths 1 and 2) in the Port of
Klaipeda has been taken as a case study for ships leav-
ing the port (Fig. 3). In this place, current direction
is mainly parallel to quay walls, the wind blows in all
directions and a combination of variables like differ-
ent forces, values and directions, including additional
external conditions such as channel parameters can be
successfully used under emergency conditions.

The above mentioned emergency conditions re-
quest taking into account all possible internal and ex-
ternal factors that potentially affect the ship in order to

Fig. 3. Quays at the oil terminal in the Port of Klaipéda

ensure the safety of the vessel leaving the port in the
shortest time. Only a very deep knowledge of possible
acting forces, preliminary studies and calculations of
ship maneuvering possibilities under specific situations
can prevent from complications under such conditions.

3. Theoretical Basis for Ship Maneuverability
under Emergency Conditions

For calculating ship maneuverability (forces and mo-
ments) when leaving the port under emergency condi-
tions, the following formulas for determining the forces
and moments affecting the ship can be used (Paulauskas,
V., Paulauskas, D. 2009):

Xy + X+ Xg+ X, + Xy + X, +

X, + X+ X +T, + T, =0; (D

Yo +Y +Yp+Y, + Yy +Y, +

Y, +Y, +Y +Ty +Yy, =0; (2)

My, + My + Mg+ M, + My + M, +

M, + My, + M, +Mp+ M, =0, (3)
where: X;,, Y;,, M;, - inertial forces and moments; X,

Y}, M. - the force and moment acting on ship hull; Xp,
Yﬁ’ MB — ship hull as wing force and moment; Xp, Y,,
M, - the force and moment of the ship helm (ruderg;
Xy Ya» My — the force and moment produced by ship
thrusters; X, Y,, M, — aerodynamic forces and moments;
X Y, M, — the force and moment generated by cur-
rents; X, Yy, M, — the force and moment produced by
waves; X i Yoo M — the force and moment of shallow
effects; T, T, My - the force and moments produced by
the ship propeller; Xy, Yy, My, - the force and moment
created by tugs.

In many cases, ship propulsion equipment gener-
ates the force required for a ship moving in X direc-
tion (ahead or astern) at least in port conditions and
depending on wind and current activity. The main prob-
lem of ship emergency unmooring is moving in Y direc-
tion (abeam) and steering, which means the ship must
have enough power for steering in requested Y direction
(abeam) and overall ship control (Strem 2004).

Considering the above tasks, to ensure the move-
ment and operation of the ship leaving the quay, the
above Formulas (2) and (3) can be used for calculations
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(Paulauskas 1999) in the following way:
dv .

(V+7‘22)E‘Slnl3+yk Y Y, Yy +

Y, +Y, +Y, + Y +T, +Yy =0; 4)

(I+K66)Z—?-Sinﬁ-cosB+Mk +

Mg+ M, + My +M, + M, +

My + M, +Mp+M, =0, (5)
where: V' - ship weight (displacement); A,, — added wa-
ter mass in Y direction; — — ship acceleration; f - ship

drift angle; I - the moment of the inertia of the ship

hull; A4 - the added moment; do_ ship turning ac-
celeration. dt

Ship movement in Y direction during an unmoor-
ing operation is usually very slow because the ship en-
counters stiff resistance in Y direction (abeam); in such
cases, considering many situations, inertial forces and
moments cannot be taken into account.

The total ship hull resistance R, can be calculated
as follows:

—c Pr.or.v.2
Ry_cyzL T-y-v2, (6)

where: C,, - a hydrodynamic factor that could be cal-
culated on the basis of ship theory methods; p — water
density making 1000 kg/m® for fresh water; L - ship
length between perpendiculars; T - ship average draft;
y - a square coefficient of underwater hull projection on
the diametric square of the ship in most cases could be
taken as 0.95 to 1.0 depending on the construction of
ship hull; v, — calculated ship speed in Y direction.

The resulted wind force Y, can be calculated as fol-
lows:

Y,=C, %Sx -v2 -sing,, (7)

where: C, — an aerodynamic coefficient (in most cases
could be taken as 1.0 to 1.3); p; — air density (for cal-
culation purposes can be taken as 1.25 kg/m?); S, - the
space of projection onto a diametrical plane (DP) of the
wind surface area of the vessel; v, — wind velocity; g, -
wind course angle.

Current related force Y, can be calculated as fol-
lows (Paulauskas, V., Paulauskas, D. 2009):

Ysr=Cy§L~T-y~VC2-sinqC, (8)

where: v, - current velocity affecting the ship; g, - cur-
rent course angle.

If the current sets directly against ship course at an
angle, ship motion can involve ‘wing effect’ (Y) calcu-
lated as follows (Paulauskas, V., Paulauskas, D. 2009):

YB:CB§L~T-y-(vC—VX)'coqu, 9

where: v, — ship speed above water (‘- if the ship sails
against the current); Cg - a hydrodynamic wing coef-
ficient for practical angles up to 30 degrees can be cal-
culated as follows:

Cﬁ =sing,. (10)
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Propulsion force T, is defined as the difference be-
tween ship DP and propeller screw. The angle between
ship DP and propeller screw g, averages up to 3 degrees.
T, can be calculated as follows:

T, =K{-p-n? .Dg(l—t”)sinqy, (11)

where: K| - the coeflicient of propeller force (accepted
in calculations as 0.2); n, - propeller revolutions, rps
(revolutions per sec); D, — the diameter of the ship pro-
peller; t" - the coeflicient of propeller propulsion (in
most cases could be used as 0.2); g, - angle between ship
DP and propeller screw.

The force of the ship helm (ruder) in Y direction
can be expressed as follows:

P
Y=L, 41, (12)

where: C', - a hydrodynamic coefficient of the ship rud-
der (in case of ship movement can be accepted up to
1.0); S;, - the square of the rudder plate; v;, - the velocity
of the propeller screw on the ship rudder plate can be
calculated as follows:

vh=1.6-Dp-n§,. (13)

Thruster force values can be taken directly from
thruster application (manual).

Finally, ship force in Y direction (abeam) can be
expressed as follows:

CygL-T-y-vi+Ca%Sx-v§ -sing,, +
Cy%LT-yw/f -sing, +

p 2
CBEL'T'Y(VC —vx) cosq, =
Kl'.p.n;.D;}(l—t")sinqy+YN+Yp. (14)

Using Formula (14), the speed of the ship moving
in Y direction (abeam) can be arranged as follows:

vy:\/a+b+c+d+e+f, (15)

where:

a= Ca Py 'Sx'vg sing,, .
b=v2-sing,;

o (vC -V, )2 cosq,

c= ;
s
d:2~Kl~np~Dp(1—t )smqy'
Cy.p.L.T.'Y
.S, p2
e:Cyh S Vo
Cy~L-T-y
= 2-Yy '

The latter formula expresses ship speed in Y direc-
tion (abeam) during mooring or unmooring to or from
the quay and can be used for calculating ship speed in
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emergency situations. The last formula did not include
tug bollard pull and the inertial force of the ship because
inertial forces are insignificant in comparison to other
possible forces at very low speed. Tug forces can also
be taken into account and Formula (15) may, in such a
case, include tug force involved in creating ship speed
in Y direction (abeam) (if tugs are used). If using tugs,
Formula (15) could be written as follows:

vy:\/a+b+c+d+e+f+g, (16)
where:
_C,py-S, v2-sing,
h C,-p-L-T-y

02 i
b=v; -sinq,;

a

CB (vc -V, )2 cosq,

c= 5
Cy
dzZ.Kl’.nIZJ.D;f(l—t")sinqs,‘
.S 12
ezcyh Sh VP_
C, LTy
fo_2Wy

2T; (cosocT +cosBT)
h C,-p-L-Tey

where: T - horizontal pull power of tugs in the direc-
tion perpendicular to ship DP; o — a vertical angle of
the tug line from the ship to the tug; 1 — a horizontal
angle of the tug line from the ship to the tug.

Horizontal force F' as produced by ship motion
at speed vy in Y direction (abeam) could be calculated
as follows:

F':Cy~§-L-T-y-vy. (17)

Horizontal ship speed and/or force in Y direction
(abeam) alone are not enough to take the final decision
because the ship should be steering well enough. For as-
sessing the possibilities of ship steering, the calculation
of moments is necessary. If the moments generated by
the ship propeller and tugs (a ship moving back, in the
majority of cases, does not use the rudder) are longer
than the other moments, the ship is able to steer, and
the moment can be formulated as follows:

Mg +M,+My+M,+M, +M, =0. (18)

In that particular case, when for unmooring opera-
tions or leaving the quay, horizontal pull power perpen-
dicular to the direction of ship DP is required, Formula
(18) can be successfully applied:

Y, x) +T, -x) — Yy - x
T, = a "a’7y "p B 70

s , (19)
xp -singp

where: x - the distance from the aerodynamic center
to the pivot point of the ship, which in case of the ship

moving back, is located about 0.3 L to the stern of the
ship midship section; x/ - the distance from the ship
propeller to the pivot point of the ship; x; - the distance
from the point adding force to the ship hull to the pivot
point of the ship accepting the hull as a ‘wing’; x}. - the
distance from the fixing point of the tug line to the pivot
point of the ship; g - the angle of the course in tug
pulling.

In case when the horizontal pulling force of the tug
in the direction perpendicular to ship DP is enough, the
ship could be steering.

The simulations of ship movement on the basis of
a theoretical methodology and real ship characteristics
could explain ship movement under different conditions
and find optimal possible solutions to emergency condi-
tions (Kose et al. 2003; Hensen 1999).

At the same time, it is necessary to take in account
that frequently the moments created by the ship hull,
wind and current have different directions and do not
have maximum values. In such a case, even a small tug
or boat, like a pilot bout, could be very useful for follow-
ing the right ship direction moving away from the quay
wall (Thiers, Janssens 1998).

4. A Case Study on Ship Unmooring Calculations
and Testing under Emergency Conditions

As a case study on ship unmooring under emergency
conditions, PANAMAX type tanker unmooring from
Quay 1 at Klaipéda port and leaving the port was taken.
For unmooring operations, the main parameters of the
ship include length - 220 m, width - 32.3 m, draft -
12.5 m, depth in a maneuvering place - 14 m, wind
perpendicular to the quay wall - 15 m/s, the current
alongside the quay wall - 0.5 m/s and a tug the pull force
of which reaches 300 kN.

With reference to the aforementioned conditions,
calculations were made on the account of varying cur-
rents and wind parameters in the mentioned directions.
Ship unberthing and maneuvering leaving the port un-
der emergency situation was tested applying the cali-
brated visual simulator SimFlex Navigator (2010). Sail-
ing parameters of similar ships were checked in the same
location under analogous conditions using navigational
system E-Sea Fix (E-Sea Fix... 2003). Calculation and
testing results are presented in Figs 4-11.

The calculation results of horizontal force F’ pro-
duced by PANAMAX tanker moving at speed v, in Y
direction (abeam) at the rate of 0.2 m/s are presented
in Fig. 6.

The calculation results, presented in Figs 6 and 7
and received applying Formulas (16), (17) and (19), test-
ing results obtained employing the simulator and pre-
sented in Figs 8 and 9 as well as experimental results got
using similar types of real ships under the same envi-
ronmental conditions and presented in Fig. 7 show that
the correlation between all obtained results, including
the same situations and conditions, is good enough and
makes differences less than 15%. The above mentioned
results indicate that with reference to carefully prepared
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Fig. 4. Scheme for ship maneuvering and external forces
(wind and current)
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Fig. 5. Visual picture of ship unberthing and maneuvering
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Fig. 6. Horizontal force F' produced by PANAMAX tanker
moving at speed vy in Y direction (abeam) at the rate of
0.2 m/s) depending on the velocity of the current and wind
(F' ‘+ - the ship moving towards the quay wall; F’ =” - the
ship leaving the quay wall)

research related to ship maneuvering, knowledge of
ship control and thoroughly explored ship maneuvering
characteristics and possibilities along with environmen-
tal conditions in situ, the vessels could leave a terminal
or port under emergency conditions without tug assis-
tance or merely with minimum pull power used for ship
steering assistance.
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Fig. 7. The force required for tug pulling in the direction
perpendicular to the DP of PANAMAX tanker turning
left (‘-’) and right (‘+’); # — the experimental results were
obtained using similar ships under the same environmental
conditions (wind - 15 m/s, current — 1 kn)

Fig. 8. PANAMAX tanker assisted by one tug
and leaving the berth
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Fig. 9. PANAMAX tanker, tug movement and environmental
parameters considering position details presented in Fig. 8
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A

Fig. 10. PANAMAX tanker moving inside the port channel
after unberthing with no tug assistance

Fig. 11. The trajectory of PANAMAX tanker unberthing
and leaving the port

The above presented calculation programs created
on the introduced methodology can be successtully used
by ship masters and operators to make preliminary cal-
culations of restrictions on ship possibilities under
emergency conditions. Ship masters and crews should
be trained employing full mission simulators to improve
knowledge of ship crew and operators under emergen-
cy conditions leaving terminals and ports (Criteria for
Movements... 1995). At the same time, every ship mas-
ter should carefully use such information and consider
each specific situation taking into account personal ex-
perience and knowledge.

During day-to-day operation, every ship master
must maintain and collect information and knowledge
about ship maneuverability and related characteristics.

5. Conclusions

1. Emergency conditions in ports and terminals are very
rare but when necessary, every ship master must take
all possible actions to ensure the safety of the ship
leaving a terminal and port using the available re-
sources and possibilities.

2. External forces created by the wind, currents, etc. and
internal forces created by the helm, propeller, thrust-
ers, etc. and having impacts on the ship could be eval-
uated using the combinations of these forces for safe
ship maneuvers and departures from the terminal and
port in case of emergency situations.

3. The methodology presented in the article has been
verified with reference to real ships and calibrated full
mission simulators and have shown a good correla-
tion between the theory and practice.

4. The methodology presented in the article can be used
for evaluating potential ship possibilities of leaving
the port under emergency situations as well as for
researching potential possibilities of ships and ports
thus providing preliminary calculations of ship un-
mooring possibilities under specific environmental
impact without external assistance.

5. Researchers could use the presented methodology for
ports, channels and other waterways to study the ad-
vantages and disadvantages of particular waterways
and to improve these factors before physical construc-
tion works are started.

6. In-depth investigations into ship possibilities as
shown in this article are important for ship design,
building and operation.

7. Ship crew training employing full mission simulators
in regard of emergency terminal and port leaving situ-
ations is very important and recommended for devel-
oping a ship crew training program.
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