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Experimental Study on Hydrodynamic Forces Acting on a Ship Moored alongside a Quay Wall under
Tsunami Attack

by  Shota Yoneda, Student Member Hirotada Hashimoto, Member
Ei-ichi Kobayashi, Member

Summary

Countermeasures of ships for tsunamis became a major concern for ship operators after the Great East Japan Earthquake in 2011.
Evacuation from ports is generally recommended to avoid tsunami disasters. However staying in port with enhancement of mooring
lines could be another option. In this study, a dedicated model experiment to tow a quay wall and a ship model together was conducted
to estimate hydrodynamic forces acting on a containership alongside a quay wall under tsunami attack, to discuss the required strength
of mooring against tsunami flows. Finally, a simple conversion formula was proposed based on the experimental results, to estimate
the wind speed equivalent to the tsunami-induced hydrodynamic forces.
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Fig. 1 Water elevation and velocity vector of tsunami at Kashima

port (abt.4000 sec).
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Fig. 2 Maximum magnitude of flow velocity at Kashima port.
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port (abt.7500 sec).
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Fig. 4 Maximum magnitude of flow velocity at Osaka port

2. 4 REBPARREEER 5 FIRR

HIAGIE S 2 2 L— 3 VORI O, FEEERE O
VERT 2B OFAUC OV TELET 5.

DS EUC DN T, FEEECIREVATICHEET 5 2 &2
DD KM ORBITIFEIZ AR TH D720, PHND DOH
W EMR BT D REEBETIUIR W & Bbitsh3,
HHED Fig. 2 OFBIL 0, 35 EIAERT 2 el L &

B 72, Btk S O &2 EE L2 TUTR 620 TH 5D .

7B, FEEEOMICERE T D &, Akt L TR T
TEMER 32 ATREME S & 2 28, ZAUIIEH MR i &
20, EBRTOEBINE L2, RIFSE TIEREE AT
MNDOIHETY D .

WIZ, EEOFHIZOWTIE, Fig. 2 O Fig. 4 OfEH
5, KEMIMERT 5 U 7 OKEE R Tl K TR
45[m/s|DFNBHND. VI alb—va UERERD LE
BETPRIC 72 D EWREN RS F0DH L9 THhHH, Ziuk
S0[m]M Y 30[m]D A v ¥ 2 lIZ L HRIFE/BRTHY, S5
FExA b= 2H5EXE 3 REMIZHE LT b o Tl
<, REGEPIARWGHER CTH D70, FERET O bR
DHOFEAOWTIIAHTH D, S BIC, ZOFEMSRIE,
B SR DR A I/ NG D BIICH v, K0 BkE o 7oK
ZEEDMERET D L BTN R OIOER AT 5 2 & b &
2 bDHTz, FRFEERCE 2 AT 4.5[m/s] & F
Oz,

3. EREER
3.1 RERHE

AWFIETIL, RO FRERR O VDN B D =2 T T
1 Z%f5 & L7z, Table 1ICEZH 27, FERRHZIIAES

LT B A~ZITH [T Tz,

Table 1 Principal particular of subject ship.

Model Full scale

Length: L[m] 2.62 262.0
Breadth: B [m] 0.4 40.0
Draught FP: dgp[m] 0.117 11.7
Draught AP: dyp[m] 0.129 12.9
Depth: D[m] 0.245 24.5

Displacement: #ton] 0.7602 76000
Block coefficient: Cy, 0.590 0.590

o Lateral motion unit

s

Quay wall

Load cell

Fig. 6 Load cell for measurement of hydrodynamic force.
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A N J
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Fig. 7 Schematic view of experimental arrangement
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Fig. 8 Fixed vertical wall.
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P . Water density [kg/m?]

: Ship mean draught [m]
: Towing speed [m/s]

Fy,Fy : Measured force in X and Y direction without quay wall [N]

M, : Measured moment around Z direction without quay wall [Nm]
I3 ,

Awall . Measured force in X, Y direction with quay wall [N]
A Ywall
Mzwau : Measured moment around Z direction with quay wall [Nm]
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x . Force of wall effect in X, Y direction [N]
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AM, : Moment of wall effect around Z direction [Nm]

Quay wall

Fig. 9 Coordinate system.
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Fig. 10 Measured hydrodynamic force without quay
wall.
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Fig. 11 Hydrodynamic force due to existence of quay wall.
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Fig. 12 Influence of mount position of ship at 0.675[m/s]
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Fig. 13 Influence of mount position of ship at 0.675[m/s]
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Fig. 14 Time history of measurement using fixed quay wall
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and fixed walls (forward).

0.675[m/s](fixed)

0.004
0.003
S 0.002
<7 A A
0.001
0
09 1.1 13 15 1.7 19 21
d,/B
211
.01
0.015 B
0 &
1.3 1.5 1.7 19 21
=0
-0.001
E
Q
<
-0.002
-0.003
d,/B
==@== Average -0.675[m/s](fixed)

A -0.450[m/s](fixed)
Fig. 16 Comparison of hydrodynamic force between towed
and fixed walls (backward).
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Fig. 17 Measured hydrodynamic force at mount angle of ship
of +10 degrees.
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Fig. 18 Influence of mount angle of ship (forward).
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Table 2 Percentage of quay wall effect to drift effect (Forward).
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Fig. 19 Influence of mount angle of ship (backward).

X-direction Y-direction Around Z
[%] [%] [%]
O[deg] 41.4 - -
+5[deg] 3.3 48.8 47.3
+10[deg] 9.1 24.9 43.5
-5[deg] 18.1 56.2 21.8
-10[deg] 27.5 38.6 14.0

Table 3 Percentage of quay wall effect to drift effect (Backward).

X-direction Y-direction Around Z
[%] [%] [%]
0[deg] 30.1 - -
+5[deg] 32.5 63.4 28.3
+10[deg] 40.2 52.8 5.9
-5[deg] 20.2 38.5 46.1
-10[deg] 29.6 40.9 56.5
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Table 4 Maximum wind force coefficient?”
Around Z

X-direction Y-direction

Incident angle of
maximum wind force 160 90 130
[deg]
Wind force coeff. 1.05 0.94 0.125
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Fig. 20 Relation between tsunami and wind forces with respect to

each velocity.
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Table 5 Result of roll angle

Attack angle [deg] -10 -5 5 10
dw/B 1.3 | 1.275 | 1.775 | 1.375

Flow velocity [m/s] -4.5 -4.5 4.5 4.5
Heel angle [deg] 14.3 4.8 4.0 12.8
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