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Abstract

This study was carried using the new approach method to design appropriately the Loading Arm length and the 
alarm setting according to ship movements on Loading and Unloading marine Berth. The quasi-static mooring 
analysis was performed to estimate 110,000DWT ship’s movements based on environmental conditions such as 
wind, current and wave. The mooring motion of the ship is very important to determine the loading arm scope, 
and in this case, the operation condition is performed on the ship without considering the damaged condition of 
the mooring line because the ship movement in case of damage is larger than intact, and all operations are 
stopped, the loading arm being released due to control system. From the result of mooring analysis, motion dis-
placements, velocities and accelerations were simulated. They were used to simulate the maximum drifting speeds 
and distances. The maximum drifting speeds were checked to be satisfied within drifting speed limits. The total 
maximum drifting distances were simulated with alarm steps of the new approach method. Finally, the loading 
arm envelopes using the total maximum drifting distances were completed. Therefore, it was confirmed that the 
new approach method for loading arm envelopes and alarm settings was appropriate from the above results. In the 
future, it will be necessary to perform the further advanced dynamic mooring analysis instead of the quasi-static 
mooring analysis and to use the precise computer program analysis for various environments and ship movement 
conditions.

Keywords: Wind force, Current force, Wave force, Displacement, Flanging area, Drifting area, Drifting velocity, Drifting dis-

tance, Intact mooring, Alarm setting, Arm mechanical limit, Loading arm envelope

1. Introduction

here are the traditional method and the new approach method for developing the loading arm envelopes and 

the alarm settings. The traditional method is still used to quick check in many cases. But this method is too sim-

plistic and is not appropriate to reflect reality due to no considering the combined longitudinal and lateral drifting 

movements. So the arm length and envelopes are not optimized finally. Also even in OCIMF specification, the 

ESD/ERS alarm duration is no longer mentioned due to inaccurate drifting speed.

On the other hand, the new approach method based on experience gained from various recent projects can con-

sider ship conditions, environmental conditions and various drifting scenarios. This method is relatively complex 

and integrated to design safe and appropriate loading arm length.
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In this study, it is aimed to review and confirm the adequacy of the new approach method for loading arm en-

velopes and alarm settings in 110,000DWT ship conditions and environmental conditions.

2. Quasi-Static Mooring Analysis for Ship Movements

2.1 External environmental loads and Mooring arrangement

The quasi-static mooring analysis needs to calculate the external environmental loads combined with wind, 

current and wave. For simulation, the arrangement with expressed definitions and symbols of parameters 

should be required. The mooring patterns for 110K DWT used in this study are shown in Figure 2.1, which 

is interpreted the ship motion using in house software for each mooring line and fender according to Figure 

2.2.

Figure 2.1 110K DWT mooring arrangement for Ship motion

As per Figure 2.1, the mooring 12-lines are used 80mmΦ Nylon rope and 4-fenders are used SCK 2500H, 

energy type of E2.6. 

The following Figure 2.2 shows the basic model method of in house software for simulation of loading arm 

envelope for 110K DWT.

Figure 2.2 Typical arrangement for Ship mooring
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2.2 Wind Loads, Current Loads and Wave Loads

For wind loads, the longitudinal wind force, lateral wind force and wind yaw moment, these values are de-

rived by BY Choi(2012) who had already developed in KSCE Journal of Civil Engineering, pp.2126 to 

2129. The followings are governings as shown in Equations (2.1), (2.2) and (2.3) respectively.

��� = 0.5����
���������{��} (2.1)

��� = 0.5����
���������{��} (2.2)

���� = 0.5����
����������{��} (2.3)

Where, ��� & ��� are longitudinal and lateral wind forces in N, ���� is wind yaw moment in N-m, ��
is air density in kg/m³, �� is wind speed in m/s, �� & �� are longitudinal and lateral wind areas in m², 

��� & ��� = � ∗ {�
�.�(�����)

��
�

�

�
�� + (0.5ℎ� − ℎ� )

�

� �� }/����� are 0.7 of longitudinal and lateral 

wind force coefficients,  ���{��} & ���{��} are Shape function for longitudinal force and  shape func-

tion for Lateral force, ����{��} is wind yaw moment coefficient of 8.083, �� is wind angle from bow in 

radian, ��� is waterline length of ship in m.

For current loads, the longitudinal current force, lateral current force and current yaw moment, these val-

ues are derived by BY Choi(2012) who had already developed in KSCE Journal of Civil Engineering, 

pp.2126 to 2129. The followings are governing as shown in equations (2.4), (2.5) and (2.6) respectively.
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Where, ��� &  ��� are longitudinal and lateral current forces in N, ���� is current yaw moment in N-m, 

������ = 0.5�� ��
� � � ���� ���(��) is longitudinal current load due to form drag in N, ���������� =

0.5�� ��
� � ���� ���(��) is longitudinal current load due to skin friction in N, 

������ = 0.5�� ��
� �� ����� ���(��) is longitudinal current load due to propeller drag in N, �� is water 

density, � is draft, ��� = �� + (�� − ��) ∗ �
�

��
�
�

is lateral current force coefficient, �� is current 

angle from bow in radian, 
��

���
= � + � ∗ �� ��� �� ≥ 0, �� < 180, ��ℎ�� � + �� ∗ (360 − ��)� is ratio 

of eccentricity to vessel waterline length, a is y-intercept (dimensionless), b is slope per degree.

For wave loads, the longitudinal wave drift force, lateral wave drift force and wave yaw moment, these 

values are derived by BY Choi(2012) who had already developed in KSCE Journal of Civil Engineering, 

pp.2126 to 2129. The followings are governing as shown in equations (2.7), (2.8) and (2.9) respectively.
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Where, ������ & ������ are longitudinal are lateral wave drift forces in N, ������� is wave yaw mo-

ment in N-m, �� is water density in kg/m³, � is gravitational acceleration in 9.81 m/s, � is 50% of design 
maximum wave height, �� & �� are longitudinal and lateral reflection coefficients, � is beam of ship in 

m, ����� is wave angle from bow in radian, ��/��� = � + � ∗ �� ��� �� ≥ 0, �� < 180, ��ℎ�� � +

(� ∗ (360 − ��)) is ratio of eccentricity to vessel waterline length, a is y-intercept (dimensionless), b is 

slope per degree..

2.3 Quasi-Static Mooring Analysis for 110,000DWT Ship and Environment Conditions

The external environmental loads identified above are combined and are applied for quasi-static mooring 

analysis. The combined loads was recommended by BY Choi(2012) can be simulated as shown in equation 

(2.10), (2.11), and (2.12) respectively.

�� = ��� + ��� + ������ (2.10)

�� = ���+���+������ (2.11)

�� = ����+����+������� − 0.48����� (2.12)

Where, �� & �� are combined longitudinal and lateral force, �� is combined yaw moment.

The motion displacements for ship movements can be derived by the combined loads, and are shown in 

Equations (2.13), (2.14) and (2.15) respectively. However, the vertical displacement (��) can be calculated 

as the value of difference between the variable height of submerged side area by the movements and the 

draft of ship.

�� = ���∗� − (�� + �����)��/(�� − ��) (2.13)

�� = ��� ∗ � − (�� + �����)��/(�� − ��) (2.14)

�� = max(T� − T) (2.15)

∑ ∗��� T� − ∑ ∗��� T (2.16)

Where, �� is longitudinal displacement in m, �� is lateral displacement in m, �� is vertical displace-

ment in m, � = ∑��� = ∑������(��)���(��)�� ∑��� = ∑������(��)���(��) is sum of spring values of 

mooring lines for lateral axis on x for longitudinal direction or y for transverse direction in kN/m, 
� = ∑��� = ∑��� ∗ ��� ��∑��� = ∑��� ∗ ��� is sum of moment of areas for lateral axis on x for longitudi-

nal direction or y for transverse direction in kN, c = ∑��� = ∑��� ∗ ���
� ��∑��� = ∑��� ∗ ���

� is sum of 

moment of inertia for lateral axis on x for longitudinal direction or y for transverse direction in Kn-m. To 

find the Td which is draft due to wave height vs length, the Equation (2.16) will be iterated by Newton–

Raphson method.
��� &  ��� are longitudinal and lateral distances from center of gravity in m.

The mooring line stiffness of ��, ��, �� are derived in Equation (2.17)

�� = Fx /�� , ky = Fy /��, �� = ∑��, ki is all mooring line stiffness (2.17)

The velocities and accelerations for ship movement can also be derived as shown in Equation (2.18).

��,� = �2���� , �� =
��

��
, ��,� =
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�
, �� =

����

�
(2.18)
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Table 2.1 Quasi-Static Mooring analysis for 110,000 DWT Ship and Environment conditions

Ship condition Environment condition1)

T (draft) LWL Beam Depth Wind Current Wave

Empty: 1.58m

Ballasted: 4.96m

Full Loaded: 10.5m

233m 45.6m 22m
Ship mooring: 10.4m/s

Engine start: 22.5m/s
1.82m/s

Ship mooring: 2.805m/13s

Engine start: 3.74m/13s

Note 1) Combination of environmental condition (As per Offshore Standard DNV-OS-E301, October 2010, pp.27).

Where, ��,� is velocity for longitudinal, lateral and , �� is vertical, ��,� is acceleration for longitudinal, 

lateral and �� is vertical, �� is design force for longitudinal, lateral and vertical, � is Displacement of 

ship, Tp is wave periods.

In this section, the quasi-static mooring analysis characterized by 110,000 DWT ship conditions (Emp-

ty/Ballasted/Full loaded) and environment conditions (Ship mooring/Engine start) are summarized in Table 

2.1.

3. Loading Arm Envelopes and Alarm Settings

3.1 Methods for Loading Arm Envelopes and Alarm Settings

There are the traditional method and the new approach method for the loading arm mechanical envelopes 

(arm design) and the alarm settings. The traditional method is still used to quick check in many cases as the 

common practice. But this method is too simplistic such as intact mooring pattern and it is not appropriate to 

reflect reality because the longitudinal and lateral drifting speeds are same and not combined independently.

So the traditional method is replaced with the new approach method based on experience gained from vari-

ous recent projects. The new approach method can consider ship conditions, environmental conditions and 

various drifting scenarios for more accurate and appropriate reality.

Figure 3.1 shows the difference between the traditional method which is simple and independent and the 

new approach method which is more complex and integrated due to considering various actual conditions

for arm design and alarm settings. In addition, the detailed loading arm envelopes and alarm steps of the 

new approach method are shown in Figure 3.2.

Figure. 3.1 Traditional and New approach method for Arm design and Alarm setting

NEW APPROACH METHOD

Flanging Area +

Allowable Area for Ship Movement at Berth
(Unaccurately Called "Drifting Area")

Working Area with intact mooring condition
(including ship movements)

Establish drifting speeds and drifting distance
(based on actual ship and weather conditions

and various drifting scenario, t = 0s)

ESD, ERS Sequence Duration

30s, 2 to 30s ?

Setting up Alarm 1st Step Envelope
(Delimits the Safe Area)

Setting up of envelope 2nd Step 
(Arm Mechanical Limit = Arm Length)

Check if Arm length remains 
within reasonable limit

Fixed Data

if YES, OK

if NO : 1st step : reduce the flanging area
2nd step : reduce ESD (and ERS) duration 
3rd step : change arm length

Establish minimum
possible ESD and ERS 
Sequences Duration

Change Arm 
Length

Flanging Area
(based on Ship Data)

Drifting Area
(4.5m or 3m)

Arm Mechanical Envelope 
(Arm Length Design)

TRADITIONAL METHOD

ESD
(30s, 1.5m)

ERS
(5s, 0.5m)

Drifting Speed
5cm/s for ESD
15cm/s for ERS

Setting up of Envrlopes for Alarms 1st and 2nd Step
(Arm Mechanical Limit)
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Table 3.1 Motion displacements for intact mooring

Environment

conditions

Direction 110,000 DWT Ship condition Rounded up1)

Displacement

Results2)

CheckEmpty Ballasted Full Loaded

Ship mooring

(Scenario 1)

X 0.357 0.461 0.676 1.0 (0.676) 1≤4 (OK)

Y 0.095 0.262 0.961 1.0 (0.961) 1≤2 (OK)

Z 1.126 1.126 1.126 2.0 (1.126) 2≤2 (OK)

Engine start

(Scenario 2)

X 0.492 0.597 0.834 1.0 (0.834) 1≤4 (OK)

Y 1.896 1.405 0.813 2.0 (0.813) 2≤2 (OK)

Z 1.501 1.501 1.501 2.0 (1.501) 2≤2 (OK)

Note 1) Round up is used to check the limits of the movement of the vessel.

2) Results are checked with OCIMF (1st Edition 1980 and 2nd Edition 1987), CEN standard EN 1474 (1st Edition 1997) 

and PIANC (Criteria for Movements of Moored Ships in Harbors 1995) for intact mooring condition.

As shown in Figure 3.1 above, the proposed traditional method is only 3 steps, thus reducing accuracy in 

the risk side, while loading arm's operation is significantly lower. Although the new method proposed in this 

study is 6 steps in total, we believe that the loading arm will be more operationability with reduced risk dur-

ing loading arm operation.

3.2 Allowance Area for Ship Movements at Berth

To check the allowance area (safe working area) for ship movement at berth such as intact mooring, the

quasi-static mooring analysis to calculate the motion displacements which are not considered drifting was 

performed in Section 2.3. They are no emergencies and the results are summarized in Table 3.1.

3.3 Loading Arm Envelopes for Ship Movements Simulation

From motion velocities and accelerations calculated in Section 2.3, the drifting speeds and distances can be 

calculated. Hereunder, there are equations of the alarm sequence duration (t, sec), drifting speed (V, cm/s) 

and distance (D, m) are shown as Equations (3.1), (3.2), (3.3) and (3.4).

For ESD Condition, Drifting speed: 
�(�,�,�)��� = ��,�,� + a�,�,�(�), Drifting distance: ���� = 0.5a�,�,�(�)

� (3.1)

For ERS Condition, Drifting speed: 
�(�,�,�)��� = �(�,�,�)��� + ��,�,� + a�,�,�(�), Drifting distance: ���� = D��� + 0.5a�,�,�(�)

� (3.2)

For ERC(COI) Condition, Drifting speed:
�(�,�,�)���(���) = �(�,�,�)��� + ��,�,� + a�,�,�(�), Drifting distance: ����(���) = D��� + 0.5a�,�,�(�)

� (3.3)

For ERC(CFO) Condition, Drifting speed:
�(�,�,�)���(���) = �(�,�,�)���(���) + ��,�,� + a�,�,�(�), Drifting distance: ����(���) = D���(���) + 0.5a�,�,�(�)

�

(3.4)

Where, t = 30sec up to ESD condition, t = 35-30=5sec from ESD to ERS, t = 40-35 =5sec from ERS to 

ERC(COI), t = 42-40 =2sec from ERC(COI) to ERC(CFO). The time interval of t is instrument system operational 

limit which is depend on organization instrument system.
��,�,� = �ℎ�� ������ ����� ��� ���ℎ ���������, a�,�,� = �ℎ�� ������ ����������� ��� ���ℎ ���������
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Table 3.2 Operation period of emergency control system for loading arm envelope.

ESD Envelope (Alarm-1step 

Alarm)

ERS  Envelope(Alarm 

2step Valve Closing )

ERC  Envelope(Alarm 

3step Coupling Opening)

Maximum Reach(Coupling 

Fully Open and Released)

After 30s for ESD After 35s for ERS After 40s for ERC(COI) After 42s for ERC(CFO)

Drifting 

Speed(cm/s)

Drifting 

Distance(m)

Drifting 

Speed(cm/s)

Drifting 

Distance(m)

Drifting 

Speed(cm/s)

Drifting 

Distance(m)

Drifting 

Speed(cm/s)

Drifting 

Distance(m)

V= A+Bt D=0.5Bt²/100 V= A+Bt D=0.5Bt²/100 V= A+Bt D=0.5Bt²/100 V= A+Bt D=0.5Bt²/100

Total drifting distance: Motion displacement for intact mooring in Table 3.1 for drifting distance without 

any emergency condition.

As per above equation (3.1) to (3.4) are described more easy understand as followings;

The following Figure 3.2 means that ESD(Emergency Shut Down) is alarm-1step for alarm only, 

ERS(Emergency Release System) is alarm 2step for valve closing initiated, ERC(Emergency Release Cou-

pling)-COI is alarm 3step for Coupling Opening Initiated, ERC(Emergency Release Coupling)-CFO is 

alarm 3step for Coupling Fully Opened, Maximum Reach is coupling fully open and released, Arm Mechan-

ical Limit is mechanical strength limit of loading arm.

Fig. 3.2 Total maximum drifting distances for alarm steps of the new approach method

ESD (Emergency Shut-Down) Envelope : Alarm-1step, The Drifting distances after 30 sec.
ERS (Emergency Release System) Envelope : Alarm 2step Valve Closing, The Drifting distances after 35 sec.
ERC (Emergency Release Coupling) Envelope : Alarm 3step Coupling Opening, The Drifting distances after 40 sec.
Maximum Reach: Coupling Fully Open and Released, The Drifting distances after 42 sec.
Outreach Envelope : Arm Mechanical Limit, The Drifting distance beyond the Alarm 2nd Step = 5 sec, PMS Accuracy is 0.02m/s
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Figure 3.3 Total maximum loading arm envelopment for alarm steps of the new approach method

The maximum drifting speeds are checked to be satisfied within drifting speed limits (5cm/s for ESD, 

15cm/s for ERS). The total maximum drifting distances for all ship conditions, environment conditions and 

alarm steps of the new approach method are summarized in Fig. 3.2.

The maximum Loading Arm Envelopment of alarm steps of engine start for each condition for 110K DWT 

loading and unloading condition as shown in Fig. 3.3.

The loading arm envelopes using the total maximum drifting distances in Fig. 3.2 and Fig. 3.3 can be com-

pleted. The loading arm envelopes, the total maximum drifting distances, flanging and drifting area are 

shown in Fig. 3.4.

Figure 3.4. Side and Plan view of Loading arm envelopes

4. Conclusions

In this study, the quasi-static mooring analysis was performed in 110,000DWT ship conditions and envi-

ronmental conditions. From the results, motion displacements in intact mooring, the maximum drifting 

speeds and the total maximum drifting distances were calculated with alarm steps of the new approach 

method and then, the loading arm envelopes using the total maximum drifting distances were completed in 

Fig. 3.2 for each mooring condition such as intact and engine start of emergencies.
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As shown in Fig. 3.3, the total maximum drifting distance was greater in the lateral direction than in the 

longitudinal direction. Because the lateral force(sway) affecting the loading arm luffing movement was rela-

tively greater than the longitudinal force(surge) affecting the loading arm slewing movement. Therefore, it 

was confirmed that the new approach method for loading arm envelopes and alarm settings was appropriate 

due to reflecting the ship movements characterized by ship and environment conditions.

In this study, ship movements were calculated using the quasi-static mooring analysis which is only ap-

plied to temporary mooring of a near quay. However, the dynamic mooring analysis such as the frequency 

domain and time history might be required in order to ensure the higher reliability in the future. It will be 

also necessary to design loading arm length, height and set alarm steps using the precise computer program 

analysis for various environments and ship movement conditions such as the catastrophic scenario called 

ship break-out.

The loading arm control shall use instrument control which consist of alarms setting and alarms detection 

such as ESD, ERS and ERC systems, and its sequences shall be activated from PMS(Arms Position Moni-

toring System) sensors and proximity switches on arms.
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