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A Study on the evaluation of the safety of berthing maneuver
by the Analytic Hierarchy Process
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Abstract

On developing port system, the performance tests of system in relation to ship maneuver
generally consists of the three parts: the channel transit, the manoeuvring in a turning basin and
the docking/undocking.

The quantifications of risk of an accident has priviously been difficult due to the low occurrence
of accidents relative to the number of transits. Additionally, accident statistics could not be
related port system because of the large number of factors contributing to the accident, such as
human error, equipment failure, visibility, light, traffic. etc.

In case of the channel transit, “Relative Risk Factor(RRF)" or "Relative Risk Factor for Meeting
Traffic’ was proposed as the measures derived to quantify the relative risk of accident by M.W.
Smith. This factor measure the tracking performance, the turning performance and the passing
performance at meeting traffic.
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On the other hand, the safety of berthing maneuver is not measured with a few evaluating
factors as controlled due to complex controllabilites such as steering, engine, side thrusters or
tugs. This work, therefore, aims to propose the evaluating measure by the Analytic Hierarchy

Process(AHP).

Six experimental scenarios were establised under the various environmental

conditions as independent variables. In every simulation, the difficulty of maneuver was scored
by captain and compared with AHP scores. The results show almost same and from which the
weights of eight evaluating factors could be fixed. Additionally, the limit value of relative factor
in berthing safety to six scenarios could be estimated to 0.11.
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Table 2 Ship’s principal particulars

Item Symbol Value Unit
Ship length L 214.0 m
Length overall Loa 297.0 m
Ship breadth B 32.2 m
Mean draught d,, 11.6 m
Max. speed ahead V max 21.0 Ets
Max. speed astern - 10.0 kis
Bow thruster - 1,100.0 HP
Steady State Speed - 16.0 kts

Table 3 Scenario Descriptions and it’s Difficulty of Berthing

Ttem Wind Current HST File Name | Difficulty of
Scenario A SEly 0.0 kts 220° Slack AHP 00 00.HST D EA
Scenario B SE'ly 10.0 kts 220° Slack AHP _10_00.HST @ ME
Scenario C SE'ly 10.0 kts 220 1.0 kts AHP_10_10.HST @ NO
Scenario D SE'ly 10.0 kts 220° 1.5 kts AHP 10 15.HST ® HA
Scenario E SE’ly 15.0 kts 2200 1.0 kts AHP_15_10.HST @ MN
Scenario F SE’ly 15.0 kts 220° 1.5 kts AHP _15_15.HST ® HA |

(Note) Difficulty of Berthing Maneuver:
(VH) : Very Hard(Level 1)
(NO) : Normal(Level 5)
(VE) : Very Easy(Level 9)
[MN] : Mean of HA and NO(Level 4)
(MV) @ Mean of EA and VE(Level 8)

(HA) : Hard(Level 3)
{EA) : Easy(Level 7)
(MH) : Mean of VH and HA(Level 2)
(ME] : Mean of NO and EA(Leval 6)
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LThe Evaluation of Berthing SafetyJ
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(Note) * mark indicates the evaluating factors are not applied to unberthing case.

Fig. 1 Hierarchical evaluation structure of berthing safety
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(Wind: 00kts, Current: slack)
(a) Scenario A: AHP 00 00.HST

(Wind: 10kts, Current: slack)
(b) Scenario B: AHP_10 00.HST

Fig. 2(1) Ship trajectories of the Experimental Scenarios
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Scenario CPA to Shallow Area  (m) Normalized Score

A 207.94 0.86

B 241.63 1.00

C 167.09 0.69

D 50.50 0.21

E 131.36 0.54

F 164.04 0.68

Scenario B A C F E D Weight

B 1 2 4 4 5 8 0.3831152
A 1 3 3 4 8 0.2822648
C 1 1 4 7 0.1363438
F 1 3 7 0.1256606
E 1 7 0.06933287
D 1 0.02328286 |

(Note) A =6.495483
C.I.(Consistency index)=0.09909649 < 0.1
C.R.(Consistency ratio)=0.07991653 < 0.1
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Table 5 Weight of mean swept path

Scenario Mean Swept Path (m) Normalized Score

A 95.36 1.00

B 103.15 0.92

C 110.90 0.86

D 121.72 0.78

E 113.06 0.84

F 130.26 0.73

Scenario A B C E D F Weight

A 1 1 2 2 3 3 0.2905986
A 1 1 1 2 3 0.2086155
C 1 1 1 2 0.1529064
E 1 1 2 0.1529064
D 1 1 (0.1148492
F 1 (.0801239

(Note) A=6.112657
C.1.(Consistency index)=0.02253132 ¢ 0.1

C.R.(Consistency ratio)=0.01817042 ¢ 0.1

Table 6 Weight of the product berthing times by accumulated position angles

senato | Peghig e | pioninge | Podey | Nomalied
g
A 24 1,940.97 46,580.30 0.68
B 26 2,205.63 57,346.39 0.55
C 27 1,657.95 44,764.64 0.70
D 25 1,390.16 34,753.95 0.91
B 23 1,506.69 34,653.82 0.91
F 24 1,311.02 31.464.51 1.00
Scenario F E D C A B Weight
F 1 1 1 3 4 5 0.2710148
E 1 1 3 3 4 0.2488650
D 1 3 3 4 0.2488650
C 1 1 3 0.0966528
A 1 2 0.0847165
B 1 0.0498859

(Note) A=6.076969
C.1.(Consistency index)=0.01539383 < 0.1

C.R.(Consistency ratio) =0.01241438 ¢ 0.1
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Table 7 Weight of berthing long. speed

Scenario Berthing Long. Speed Normalized Score
(cm/sec)

A -6.32 0.15

B 13.57 0.07

C -8.90 0.10

D 0.93 1.00

E 6.08 0.15

F -8.65 0.11

Scenario D E A F C B Weight
D 1 7 7 8 8 9 0.5766086
E 1 1 3 4 6 0.1423865
A 1 3 4 6 0.1423865
F 1 1 4 0.0599605
C 1 3 0.05213692
B 1 0.02652101
(Note) A=6.425421
C.I.(Consistency index)=0.08508424 < 0.1
C.R.(Consistency ratio)=0.06861633 ¢ 0.1
Table 8 Weight of berthing trans. speed
Scenario Berthing Trans. Speed Normalized Score
(cmy/sec)

A -18.41 0.54

B -22.83 0.44

C —-6.76 0.68

D -11.04 0.91

E ~-4.79 0.48

F -6.06 0.61

Scenario D C F A E B Weight

D 1 3 4 5 5 6 0.4422134
C 1 2 3 3 4 0.2126453
F 1 2 3 3 0.1428090
A 1 2 2 0.0889034
E 1 1 0.0593568
B 1 0.0540723

(Note) The above normalized score has the best priority at -10cm/sec.

A=6.145281

C.1.(Consistency index)=0.02905617 ¢ 0.1
C.R.(Consistency ratio)=0.02343239 ¢ 0.1
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Table 9 Weight of the product ahead RPM by rudder angle used

Product
S . .
enario (Ahead RPM) X [(Rudder Angle) Normalized Score
A 633.88 1.00
B 2,109.16 0.30
C 2,144 98 0.30
D 5,196.02 0.12
E 2,839.74 0.22
F 18,997.37 0.03
Scenario A B C E D F Weight
A 1 4 4 5 7 9 0.4639718
B 1 3 4 7 0.1795467
C 1 3 4 7 0.1795467
E 1 3 6 0.0965016
D 1 5 0.0565287
F 1 0.0239047
(Note) A=6.450198
C.1.(Consistency index)=0.09003963 ¢ 0.1
C.R.(Consistency ratio) =0.07261261 ¢ 0.1
Table 10 Weight of astern RPM
Scenario Astern RPM Normalized Score
A 450.00 0.18
B 440.00 0.18
C 200.00 0.40
D 170.00 0.47
E 80.00 1.00
F 220.00 0.36
Scenario E D C F B A Weight
E 1 6 6 7 9 9 0.5470495
D 1 2 3 7 7 0.1849062
C 1 2 5 5 0.1200093
F 1 5 5 0.0899654
B 1 1 0.0290349
A 1 0.0290349

(Note) A=6.449959
C.I.(Consistency index) =0.08999167 0.1

C.R.(Consistency ratio) =0.07257393 < 0.1
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Table 11 Weight of tug or thruster used

. Product .
Scenario (Bow/Stern Thruster] X (Duration) Normalized Score
A 30.00 0.83
B 28.00 0.88
C 36.75 0.67
D 31.50 0.79
E 24.75 1.00
F 32.00 0.77
Scenario E B A D F C Weight
E 1 2 2 3 3 4 0.3372904
B 1 1 2 2 3 0.2003026
A 1 1 1 2 0.1483680
D 1 1 2 0.1226631
F 1 2 0.1226631
C 1 0.0687130J
(Note) A=6.06369
C.I.(Consistency index)=0.01273804 ¢ 0.1
C.R.(Consistency ratio)=0.01027261 < 0.1
Table 12 Overall weights of each scenario
Evaluation
Factor (a] (b) {c] {d) (e) (f) (g) (h)
Scenario
Scenario A 0.282 | 0.291 | 0.085 | 0.142 | 0.089 | 0.464 | 0.029 ; 0.148
Scenario B 0.383 | 0.209 | 0.050 | 0.027 | 0.054 | 0.180 | 0.029 ; 0.200
Scenario C 0.136 | 0.153 | 0.097 | 0.052 ! 0.213 | 0.180 | 0.120 | 0.069
Scenario D 0.023 | 0.115 ] 0.249 | 0577 | 0.442 | 0.056 { 0.185 | 0.123
Scenario E 0.069 | 0.153 | 0.249 | 0.142 | 0.059 | 0.096 | 0.547 | 0.337
Scenario F 0.126 | 0.080 | 0.271 | 0.060 | 0.143 | 0.024 | 0.090 | 0.123
(Note) (a) : CPA to Shallow Area (b] : Mean Swept Path

(¢) : The Product Berthing Times by Accumulated Position Angles

{d) : Berthing Long. Speed
(f) : The Product Ahead RPM by Rudder Angle Used
{g] : Weight of Astern RPM

,_44 .

(e} : Berthing Trans. Speed

(h) : Tug or Thruster Used
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Table 13 Weight of each evaluation factor by AHP

Paation | ) | wm | 0| W] © | @ | @ | @ Weight
(al 1 5 5 7 7 9 9 0.3916370
(b) 1 3 3 5 5 9 9 0.2278740
(f) 1 1 3 3 7 7 0.1152108
(h) 1 3 3 7 7 0.1152108
(c] 1 1 5 5 0.0560887
(g) 1 5 5 0.0560887
(d) 1 1 0.0189450
(e) 1 0.0189450
(Note) {a): CPA to Shallow Area (b) : Mean Swept Path

(¢} © The Product Berthing Times by Accumulated Position Angles

{d] : Berthing Long. Speed (e] : Berthing Trans. Speed

(f) : The Product Ahead RPM by Rudder Angle Used

(g) : Weight of Astern RPM {h) : Tug or Thruster Used

A =8.562206

C.1.(Consistency index)=0.08031505 ¢ 0.1
C.R.(Consistency ratio)=0.05696103 < 0.1

Table 14 Ranking of berthing safety based on AHP

Ttem (@ | )| | | | )| (g | (h |Total, AHP Difficulty
0.39210.228|0.056{0.019|0.019,0.115/0.056| 0.115 | Score| Ranking | of Berthing
Scenario A |0.28210.291|0.085/0.14210.0890.464 | 0.029| 0.148 | 0.258 ) @© EA
Scenario B 10.383(0.20910.050| 0.027|0.054 0.180| 0.029 | 0.200| 0.247 @ @ ME
Scenario C [0.136]0.153]0.0970.05210.213}0.180|0.120(0.069| 0.134 @ @ NO
Scenario D [0.023]0.115|0.249|0.57710.442|0.057}0.185]0.123| 0.100 ® ® HA
Scenario E | 0.069|0.153|0.249| 0.1420.059| 0.097 | 0.54710.337| 0.160 €)) @ MN
Scenario F | 0.126| 0.080|0.271]0.060| 0.143,0.024|0.090| 0.123| 0.109 ® ® HA
(Note) 1. Evaluation factor
(a) : CPA to Shallow Area (b) : Mean Swept Path
{c) : The Product Berthing Times by Accumulated Position Angles
(d) : Berthing Long. Speed (e] : Berthing Trans. Speed
(f) : The Product Ahead RPM by Rudder Angle Used
{g) : Weight of Astern RPM (h) : Tug or Thruster Used
2. Difficulty of Berthing Maneuver
(VH] : Very Hard(Level 1) (HA) : Hard(Level 3)
{(NO) : Normal(Level 5) (EA) : Easy(Level T)
[VE) : Very Easy(Level 9) {MH) : Mean of VH and HA(Level 2)

(MN] : Mean of HA and NO(Level 4) (ME] : Mean of NO and EA(Leval 6)
(MV]) : Mean of EA and VE(Level 8)
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3.3 #F REM FRILEe FM &R

RS M BHE ste] BEREGHE 679
Al e A~TFoll W7 & 22 FEE A3t
o PRl TS o188 AT 7 Aldele &)
o] FMEHA N HE MIE FFEMEE Table 12
o} 23, g/ FHMEHE AR M FHMEE
= Table 135} zFe] vtepytet. mbas o5 W &
RiEE T3t Avtel el e AHRES T8t
" Table 149} e},

5, Bl o8 BEEE Alviel 2] o
T Lathel Hate] BESTEl 23 €88
o) FRBEMIFMEE THe st #E K Al
vele A>AvE] L B>Alve] e E>AvE|e C
>Alve e F>Avele DO RS 7, #
el BRFERC ol B REEE MRAFFREL
alasty AR e 2 X e veha glev
Alvte].e C(AHP_10_10)$+ E(AHP_15_10)9] MR
= FlubAel depgel oje U AT &4
ofl A JEE 10kts®} 15kts®] o] ®r} i el =2
Al IR R o & e e e iR

Ru

fo dn -

5] Alvtel e Fob D 4 REE7t #5%
Ao #FEHAN=R o) Aveeed dFd &
o] HE TR FEEYS BR o2t M
¥ ORFEES 0.11018k2 Add 4+ Y& Aol

4. % i
EHERAE Avelee #e otk disle] %
frtre) RTRTE] 7 AL MBS Hie B
e Emage FEY, Motk % #
BB #eAfe SR (The Proximity of
vessel), ApAiRe) M (Vessel controllability)
2 A0Sl $RMEME (Vessel manoeuvrability)o] o
g gl AENEC R o] ERINSE FHMEY
#H ol
RIBGE 8 REERE AlYel9 #eH #
1 egthel tste] A mmorelAd #ESE BTt
&e) HBEIRACE PRAGHES) BRFAC) o3 iR

WEE EEHES w2y 23 RieEe L
Pl FAHRE debiE, wepd R gwseellA
A & FEHEES] M FEET AH s
dEe sk Aok

%, find0 R ett HES SHeE W
Fortre] RMEHA R 2159 i FFMRiEe
kg3t o] AokE v}, 53] WA AlvEles
Fo} D #iE HEE7T #58 A2 #FEA
L2 ) Al dd & Gwocel #iE &
P AMER Y-S e T2 MY RAMEE AN
0.11 UT= wa¥ 4 slch.

(1) FArHIETFS] CPA s 0.392
(2) B ANE H A 0.298
(3) w2 EAY F 0.056
(4) $ HEEEE e 0.019
(5) HEEE BEEIE oo 0.019
(6) HitehFel 4% MEEgre} NGRS F
............................................................ 0.115
QR TS L —— 0.056

(8) AT Wil == AEEE 2=l2H . 0.115
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