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Berthing Force of Ships in Water Wave

By
Totsu WAKAKUWA, Reisaku INOUE,
Chimataro Isumr and Kenji YAMAKAWA

Abstract

In recent years, sea-berth has been constructed gradually off shore to keep the water depth
of berth according to the growing size of ships, and then it has become difficult to keep calm in
berth. Therefore, the studies of berthing force of ships in water wave have been very important.

One of the authors has studied berthing force of ships in still water and has found the
calculating method to estimate the berthing force of ships. This calculating method has been
proved by the in situ measurements of berthing force of supertanker on dolphin.

The study of berthing force in water wave is carried out on the basis of the results of those
in still water.

In this paper, the authors present the results of the model test and the analysis for the berthing
force of ships in beam sea, which consist of two main parts, one is drifting velocity and the other
berthing force of ships.

The principal results of this studies are as follows; 1) For convenience, the pressure acting
on the side of hull can approximately calculated by use of the theory of clapotis of Airy’s wave.
2) The ratio of the wave pressure acting on the forward side of ship to that acting on the opposite
side is from 0 to 0.4. 3) The drifting velocity consists of two parts, that is, the constant velocity
due to the wave pressure and the wave current, and the cyclic velocity due to the wave. 4) The
maximum berthing force may be obtained by the equation F max=K (X¢ max+ Xs max), where, K
is the elastic coefficient of fender, X¢max and Xy max are the maximum displacement due to

constant velocity and due to cyclic velocity respectively.
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Table 1 Gradient of calibration curve

Test number Grad. of calib. curve
70-8-24 (5] 0.1689
Displacement 70-8-25 (16) 0.2250
70-8-28 [(11) 0.5085
70-8-28 [29) 0.4100
70-8-25 [ 1~23) 0.37
Berthing force 70-8-26 [ 4~ 9] 0.34
70-8-28 [ 2~10) 0.59
70-8-28 [13~28) 0.82
70-8-25 [ 1~23) 0.48
Berthing velocity 70-8-26 [ 4~ 9] 0.47
70-8-28 [ 2~10] 1.00
70-8-28 [13~28) 1.21
No. of pressure gages 1 2 3 4 5 6
70-8-25 [ 1~23) 0.37 0.36 0.41 0.76 0.72 0.80
Water pressure 70-8-26 [ 1~ 9] 0.37 0.43 0.41 0.73 0.72 0.81
70-8-27 [ 1~ 9] 0.37 0.38 0.41 —_— — —
70-8-28 [ 2~10) 0.81 1.17 1.19 1.23 1.35 1.70
70-8-28 (13~28) 1.03 1.50 1.50 1.46 1.71 2.00
No. of wave detector 1 2 3
Water height
70-8-26, 27 0.67 0.58 0.59
Table 2 Experimental values
Period Wave length | Wave height {Wave pressure Drifting
(peak to peak) velocity uT|L
(sec) (cm) (cm) (g/cm?) (cm/sec)
0.90 120.00 2.186 2.989 2.231 1.6732E-02
(115.31) 2.568 2.520 1.8900 E-02
0.75 93.75 2.048 2.665 2.061 1.6488E-02
o ( 83.70] 2.950 2.270 1.8160E-02
g 0.60 57.60 1.857 1.504 1.203 1.0656 E-02
5 ( 56.24] 1.499 1.831 1.9073E-02
— 0.545 48.09 1.477 1.481 0.461 5.2245E-03
( 47.15) 1.285 1.511 1.7124 E-02
0.50 41.67 1.422 1.075 0
(39.24] 0.914 1.255 1.5059 E-02
0.90 120.00 3.572 5.593 4.850 3.6375E-02
v (115.31) 5.247 4.743 3.5573E-02
g 0.60 60.50 3.013 2.416 3.940 3.9074E-02
5 ( 56.24] 3.896 3.8638 E-02
T 0.47 38.11 2.132 1.035 2.770 3.4162E-02
( 34.20) 2.057 2.5368E-02

Water depth 28 cm, Draught 17.7cm
{ J); Theoretical wave length
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Table 3 Water pressure and values of
Number Period Mean water pressure . Means
of T No. 1,2,3 | No. 4,5, 6 €
record (sec) (g /: m?) (g /<l:)m2) (a/b) of 7
106 0.9 1.172 2.989 0.392 26°
225 0.981 2.568 0.382 0.387 28°
124 0.75 1.267 2.665 0.476 24°
243 1.097 2.950 0.372 0.424 48°
Low wave 142 0.60 0.439 1.504 0.292 58°

264 0.428 1.499 0.286 0.289

160 0.545 0.249 1.481 0.168

282 0.361 1.284 0.281 0.225

178 0.50 0.242 1.075 0.225

302 0.222 0.914 0.243 0.234

434 0.9 2.199 5.591 0.393 30°
526 2.471 5.247 0.471 0.432 38°

High wave 452 0.6 0.654 1.825 0.358

544 0.919 2.201 0.418 0.388

470 0.5 0.602 0.933 0.654

562 0.305 0.876 0.348 0.501
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£="Bd {ta“h kb= oshich } (2.14) WIRZERE O it b, ThBIE, 7 BE0 e i@
Table 4 Wave pressure g4
T L H y+h Observed | Theoretical | Observed
Pa Pa —
(sec) (cm) (cm) (cm) (g/cm?) (g/cm?) Theoretical
0.90 120.00 2.186 1.389 1.8196 0.7635
0.75 93.75 2.048 1.404 1.5919 0.8818
Low wave 0.60 57.60 1.857 24 0.751 1.2041 0.6233
0.545 48.09 1.477 0.691 0.8769 0.7886
0.50 41.67 1.422 0.497 0.7784 0.6388
0.90 120.00 3.572 2.710 2.6113 1.0379
High wave 0.60 60.50 3.013 21 1.208* 1.4706 0.8215
0.50 38.11 2.132 0.518* 0.6729 0.7692
h=28 cm
pdzH%sinatzp singt
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Table 5 Calculated amplitudes of cyclic displacement sy

T o 7=0 7=0.4 €=40"°
(sec) Sy max (cm) Sf max X 0.8 Sy max (cm) Sy maxX0.8
0.90 4.0404E-02 7.7166 E-01 6.1733E-01 5.7080E-01 4.5664E-01
0.75 2.9505E-02 4.4024 E-01 3.5219E-01 3.2565E-01 2.6052E-01
Low wave | 0.60 2.0302E-02 1.8611E-01 1.4889E-01 1.3767E-01 1.1013E-01
0.545 1.3943E-02 1.0672E-01 8.56373E-02 7.8942E-02 6.3153E-02
0.50 1.1634E-02 7.7157E-01 6.1725E-02 5.7074E-02 4.5659E-02
0.90 6.6022E-02 1.2609E-00 1.0087E-00 9.3270E-01 7.4616 E-01
High wave | 0.60 3.2482E-02 3.1277E-01 2.5021E-01 2.3136 E-01 1.8509E-01
0.50 1.7709 E-02 1.0741 E-01 8.5930E -02 7.9452E-02 6.3562E-02

XoTEELTWB, 22T, ¢ B 5 x bhhig,
EimREE R KO B ERDDHZ LB TE S,

7, HPNAEEEE $r 3 XOER sy Ko,
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Fig. 4 Amplitudes of displacement sy
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CL<WEFBZEELTWS, chitxL T, T=0.6sec
DT ORI R VT, iedidRick s, BHEL
EHP B DI, TR FNTE ORI OB AR —
T, 2L LT 9=0 LARINDE DELE
DTHDH, HIHMELERFETIC—HKLTVT,
MROEYUZZEEZRLTW S,

W, PIE X 5ERFMHE So OHGR #1x Table
7 Kb, A r /T 7ARTEREEZ, S
LWIRIZ X o TETHEWIRNOEELORMTHS &
Fzbhd, KETKEWT, ZOEWHNORER
BT 5,

2.3.4 BEVEEICLIWERMNEE

WIRIC X T, KOEERMEINS, BIRZOE
WIRRIZ DT L, ZTOBEER, BEWiithodpE
CEHELWEEZDLNS, ZOEWRNE, EETKAKE
QKEIES T Lichd o THhEL B, £OZEkIR
WEARC X > TRE S,

M OTEF R B OKA S E D 57\ &3,
IROEE 2 SRR E TOFHHECELWEE XD
T ENTE D, TOBUKEHEE «i % (2.10) ¢
5zbhd, $AERMMOEE » 12 (2.11) X TR
hns,

B4 EBADIDERIT R W TIX, Bk d=
17.7 cm, JK#/KIE h=28cm Th o7z, #o, #; B X
O uotul O IHRH{E% Table 7 iz, Fig. 5 ix5EHE




(221)

Table 6 Measured amplitudes of cyclic displacement sy

\ Run T=0.9 (sec) Run T=0.75 (sec) Run T=0.6 (sec) Run T=0.545 (sec) Run T=0.5 (sec)
no. 100 4.1270E-01 no. 118 3.5696 E-01 no. 136 1.4154E-01 no. 154 8.890E-02 no. 172 5.207E-02

no. 103 4.6480E-01 no. 121 3.6121E-01 no. 139 1.2515E-01 no. 157 5.653E-02 no. 175 9.340E-02*

no. 219 4.7510E-01 no. 124 3.5263E-01 no. 142 1.3379E-01 no. 160 7.435E-02 no. 178 2.721E-02*
Low no. 222 4.1643E-01 no. 237 3.3006 E-01 no. 256 1.3527E-01 no. 276 7.420E-02 no. 298 5.536 E-02
wave | no. 225 4.2324E-01 no. 240 3.7561E-01 no. 260 1.3288E-01 no. 279 7.963E-02 no. 302 5.041E-02

no. 243 3.5308 E-01 no. 264 1.5962 E-01 no. 282 7.637TE-02
mean 4.5124E-01 mean 3.5493E-01 mean 1.3804E-01 mean 7.500E-02 mean (g gg?g E :83) *

st. devi.| 3.7234E-02 | st. devi.| 1.3531E-02 | st. devi.| 1.0774E-02 | st. devi.| 9.650E-03 | st. devi. é:éggg_agf*
no. 431 8.4486 E-01 no. 449 2.3170E-01 no. 464 6.491E-02
no. 428 8.3334E-01 no. 446 2.0015E-01 no. 470 8.445E-02
no. 434 9.0556 E-01 no. 452 2.2632E-01 no. 556 6.039E-02
no. 520 8.3471E-01 no. 541 3.1407E-01 no. 559 9.754 E-02
High no. 523 8.6756 E-01 no. 544 3.0880E-01 no. 562 7.795E-02
wave | no. 526 9.2379E-01 no. 592 2.7366 E-01 no. 577 7.702E-02
no. 601 8.8775E-01 no. 595 2.6993E-01 no. 574 4.749E-02
no. 598 3.2314E-01 no. 580 9.025E-02
mean 8.7108 E-01 mean 2.6847E-01 mean 7.500E-02
st. devi. 3.3149E-02 st. devi. 4.2600E-02 st. devi. 1.547E-02

1T
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Table 7 Theoretical values of drifting velocity

T uofc (wo+ub)fc {(0]0.8)+
(sec) 7=0 7=0.4 €=40" 7=0 7=0.4, £=40° ua}fe
0.90 | 3.2323E-02 | 2.2419E-02 | 1.6927E-03 | 8.4011E-02 | 2.4112E-02
Low |©-75 | 2.3604E-02 | 1.6371E-02 | 1.8987E-03 | 2.5503E-02 | 1.8270E-02
0.60 | 1.6242E-02 | 1.1265E-02 | 2.6129E-03 | 1.8371E-02 | 1.3394E-02
Wave | 0.545( 1.1154E-02 | 7.7362E-03 | 1.9617E-03 | 1.3116E-02 | 9.6979E-03
0.50 | 9.3072E-03 | 6.4553E-03 | 2.1438E-03 | 1.1451E-02 | 8.5991E-03
High |0-90 | 5.2818E-02 | 3.6634E-02 | 4.5197E-03 | 5.7338E-02 | 4.1154E-02
0.60 | 2.5986E-02 | 1.8023E-02 | 6.5309E-03 | 3.2517E-02 | 2.4554E-02 | 3.9013E-02
Wave 1 0.50 | 1.4167E-02 | 9.8260E-03 | 5.2780E-03 | 1.9445E-02 | 1.5104E-02 | 2.2987E-02
uofc=¢" (1—ncose)x0.8
0.06 RV XLV,
ob PWIEIC X B EECE, fOmAEOEEDL 7 &
005 a0 BrAfsE e # B LHUZE BV, 7 REMSA X
«ﬁ/ <, WEAMRED /2 M EOB A, T oKRICE
004 TiE 0.4 BETHS, Az e 1%, 3F 0~40° T
g : Bot, T, FMONSWEOBEE, FERIC
3o 003 fRE2 b ORIFTHE SRS LE A SR CEE T
;) BRE, MMRESS D, KKK 7=0 2&h3h
0.02 3,
EoREZRAWT, EFMEEOEMBERKD L
oo o cow v N5, CHICHEORH i £ oL 2% 8T h
MEASURED
I ®1HIGH WAVE] W, BB 1~1.25 RFEU b OSE U ILE B Y
05 0545 06 T tse) 075 09 525, ¥, APMEED Zh e H LW Rz B

Fig. 5 Drifting velocity

HEMEL TR LA, ZORKBEWTH, Aok
XWAITIE, 7=0.4, ¢=40" O ICEL, A PR
INEWVIBEIRIE, 7=0 OO S CHERD B T
LRABLND,
2.4 ¥ E
DEoMin EoBELERMRC X - T, #ikicx
SO RBIERGERE, IWER X500 L, Euith
CE5LDEDIMNTH - T, IRIEI X BEFRE, &
TR & RNEEP SR B LTS5 T LNRTE B,
WIEYY, BRI OWEDELR,
Pa cosh k(h+vy) .
o0 T oshkn  SRa?

ZRAWIE, FHRICBE 1~0.8 2L DOBEY
nNTH D, Eio, EVREIEYDK d /o TR

(128)

WTRDB L EBTE S,
BB 2 oOEEORY, HMEREELZS5 2525
HEh5,

3. FREEDIEEAD

MR X - THOA AT L, MRS #ige
THHET, TOBMEREER, 2. T~k X5KL,
EFHNRE & AP ASEE L oAk I lE L%
XBTENTES,

EREET XBERNTH LTI, KikeLditd
LDTHBH D, BEHD® o @i B3 % s
HNEERZ A5,

FUARZEEEE W X B8R 0103, EERRITR T 53
B, S CERATANMEECTREN,30 L%
z2bhd, 2T, 2. DBFALFEALC X3, fomE
RE— AV P RICETHIMRT S, £, BERE
TRWTIE, HEMTX5RADHIT, RoEER




W L, O EER G TAETE O MBI /ER T 5 IRER,
BT BRTUNIVEE Z bW 2 ITEHT 5,
AL 3. B DOFEZCHEIETE - ERHEDOEE
BRI DOTH 5,
£ZT, 3.1 RBWT, EHHERE T, F0OR
5%, 8.2 TRV, EREEOHE, BAIER
TOWT, FRHCIES BT & ERIA L 2 L,
HERORY L LR L, 8.3 13EERT, iR
ERNOXEXI, ERRECXSERNORAD
DL, FHIMEEC X5 ERN0 & KIRIRE O
B, MARERNEE 25 E5RRdDTH D,
3.1 EFHER
BEGRR7c L 2 AR X 0, BEREORE ISR
& I AT 5B S T B L LB TES,
W, ¥ 1IHZEMEE, $2HYHEE, $3HE
WBEMCXBRS, GLREE2EbTi0EL, o
ZRERPICIT MO T Rb b H LoZERM &3
5 51E, ROEBHERRXE S 5,

E+a(d—vo)+kx=¢&sin(at+v)

Z LT, vo 1 HEFITHT DO E W EE, a=
pgd?lfmVg{d+(h—ad)[2)V, k=K/m, £=(2.14) =,
K @i T o S x 28, v 13l 220 3 w81 B KT
DAFE TRt

ZOEFN R, =0 X BT RkDLSIC2
DOFBRETT B LN TE S,
SERHRHEEE IR LTI,

XetaXetkXo—a=0 (3.1)
VIHASME, t=0 T, X=0, X=1
JEHEARREE 5 LT,

Xrt+aXs4+kXs=E sin (o t+v) (3.2)
TIEME, t=0 T, X=0, X=u/v,

v VEESERRIT 30T B RREE R T,
(3.1) ROBIPIFR D=a—4k=0 LR
T, WOES5KH 5,

¢t at—2k
Xe= % _%(gﬁ;— sinh ¢4¢
+a cosh ¢+t>
(3.3)
2 e vkt _
ot
Xe': % —_ % sin (¢—t+020)

13

fro=tan"?! {

2a¢- }
at—2k

(3.2) R ¥ % fifix DO WU T, kDX Sic
%5,

Xy o e (gt sin (04)

x (v q sinh ¢+t — /7 cosh ¢if)
—¢+siny (vg cosh ¢t

—+/7 sinh ¢42)}

+v W sin(a ¢t
+v+46,,)]

+ne¢”<cosh it + ?Zi sinh ¢+t>
+

ZZiL, O,=tan"Yg/g)
O, =tan"t (V7 of(V7 ¢—+'q ¢1))
o=@+ g+ o)
r=4¢¢L
. 3
—sin (v+8:)} +sin (o £4+v+6:)]
+neftt
i, (3.4)
i =tan! (2 og/(¢? —o?)}
X_f:A 50 {B€¢L5in(¢—t+pyz)
+Csin(at+v+6',1))

n
+——eftsing_t
o ¢

[e# {tV g2+ a? sin (v+6,)

zziz,
A=1/¢(q’ +7")
B=vq' +7
X ¥($2+0%) sin® (0, +v) + ¢~ sin? p
C=V(Vy' $—/q p-P+7'a?
0.,=tan"!
{—V¢L+ﬁ¢?km(m+»)
V¢ +a2q sin (6,+v)
+¢—v/q’ siny
+¢—y/y’ sy
0", =tan" (V37 o/(s/37 p— /g $-)}
'=(¢— gt +0%)
r'=4¢%$L
PAEDFERIT X 5 T, MWIRFT I 5 BRI O ZERL
Xz, (3.5) RcH5xbh5,
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X=Xo+ Xy (3.5)

Fi, ERN F T, 3.6) ALXvizohd,

F=KXv, (3.6)
3.2 EARR
3.2.1 EBREE

EREEIITE 6) ObDLELL, BHEHAAFEE
HMCSDEAVE, BEROFESIIROEI TH
%,

i £ 1=200cm
it #@ B=40cm
el K d=17.7cm
F B W=140kg
JKFEKIE  h=28cm
ZEAXERO A+ EHR KX, RKOBYTHD,
REACX > THELTET,
8-24-(5) 1130 g/cm
8-25-(16) 593
8-28-29) 1000~
8-28-[11) 557 »
BEO2OIFMEBEO 2oL, HEERELAEE
BRIV,
Wi, a, m, k ERTRTBEY TH 55,
_pegal w =K

m=—, juini}

m\/g<d+—> g m
ZD a, kb X (3.4) KD ¢- Dfifijx Table 8 iz
FRTEYTHB, ZOERIX, BLX-TbhbhrbX5

Table 8 Values of a, k and ¢~

Test number ‘ a (sec7t)| k (sec™?)| ¢ (sec™?)
8-24-[5] 2.9310 7.910 2.4005
8-25-[16] 2.9310 4.151 1.4151
8-28-[29] 2.9310 7.000 2.2028
8-28-[11] 2.9310 3.899 | 1.3234

3.22 RBHR

RRZES AT 2 RMC ST 5MOEED S
b, EHAESEEIIETE 52, BMAEER,
(3.2) ROhik v KX - TEE S, Thbb, 2. O
(2.8) ik v,

7=0 DOEH

. _ L., . T

Sf—TE sm(at—?) (a)
7=0.4, =40° OHE

. L, .

s;=0.73971-T$’ sin (o £—1.2158) (b)

WigiIK & » T, T=0.9~0.75sec itk L TiZ, (b)R,

T=0.6~0.5sec iITHfLTiZ, (a) REAVS, £k

#EZANT, DTfliEET 5,
BEO/PNZWHAITH L T,

T=0.9sec

$r/c=0.03232 x 0.7397 sin (6£—1.2158) (b)
T=0.75 sec

$7/c=0.02360 x 0.7397 sin (¢ £—1.2158) (b)
T=0.6 sec

i, HEIX D=a?—4k<0 OB ETHH2 0, B $7/c=0.01624 sin (¢ t—n/2) (a)
X %, (3.3), (3.4) RoFHEORTLSE Xoo Xy @ T=0.545 sec

FELTRDDBZERTES, $7/c=0.01115 sin (¢ £ —7/2) (a)

Table 9 Values of $,/c

\ 0 T/4 T/2 3T/4 Remarks

0.90 —2.2419E-02 | 8.3107E-03 2.2419 E-02 —8.3107E-03 (b) &

0.75 —1.6371E-02 | 6.0689E-03 1.6371E-02 —6.0689E-03 (b) »

Low wave 0.60 —1.6242E-02 0 1.6242E-02 0 (a) »

0.545 —1.1154E-02 0 1.1154E-02 0 (a) »

0.50 —9.3072E-03 0 9.3072E-03 0 (a) »

0.90 —3.6634E-02 1.3580E-02 3.6634E-02 —1.3580E-02 (b) R

High wave 0.60 —2.5986 E-02 0 2.5986 E -02 0 (a) »

0.50 —1.4167E-02 0 1.4167E-02 0 (a) »
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T=0.5sec
57/c=0.00931 sin (¢ t—=/2) (a)
Fie, BEOKREWE ST LTI,
T=0.9sec
57/c=0.05282 % 0.7397 sin(c £ —1.2158) (b)
T=0.6 sec

$7/c=0.02599 sin (gt —x/2) (a)
T=0.5sec
$7/¢=0.01417 sin (¢t —=/2) (a)

Plhiz X B3 E B % Table 9 wppiFe, Ln
5T, n=vsfve VI Table 10 WRFHEEL L5,

Mlcky, IHEEORAEZH D xDT,
(3.4) RWWWALT, Xy 25lHT 5, £7F, L0
¥ A, B, C % Table 11 &R 3, 20 #H{HE %2 Hw
Xf 75_’*&5, F7z (3-3) ﬁ:‘c 3:017]‘23) bhd X
(Table 12) rofin X #5x% 3,

st R %, Fig. 6 5 Fig. 20 TR L, bb¥
<, Table 13 72 Table 16 % Tizh s 7= EBRIE
7wy LT, FHEOZYEEZRLA,

15

Table 10 Values of #

Low wave High wave

t 0 T/4 0 T/4
T T/2 3T/4 T/2 3T/4
0.90 | F0.92974] +0.34467) +0.89017, +0.37372
0.75 | ¥0.89606/ +0.33218
0.60 | +0.88411| =0 F0.79915 0
0.545 F0.85041] +0
0.50 | #0.93072| £0 F0.28570, =0

3.3 ERERLERE

BT~ X 5, HEREE, ERBPEJRED
1/2 Db, Ao Xk & &icix, =04, 0.8¢
ZHV, FEEOEVEMO/NI WA, 1=0,0.88
ERWTRkDZZDDOTH S5, Fig. 6~20 THAE XL
5 X5, BARBEITERESGELL, BEXEZIELA
E-FHLTNT, HfORY LRI LERLTVD,

LaLl, ARNEL, BEEONIWEDBEL,
DI PITIED B 5, FEEEMN/NE L, HERES

Table 11 Calculated values of A, B and C

:0 =
Test No. T (sec) A B (::ﬂ> B (:275/7%/2> C
0.90 1.9973E-04 318.8366 128.4429 109.6292
0.75 9.2967 E-05 560.7924 188.2762 160.6893
8-24-[51] 0.60 3.6880E-05 1112.9727 208.8926 255.1268
0.545 2.4844E-05 1492.8674 364.1622 310.8392
0.50 1.7461 E-05 1940.9855 434.4235 370.7795
0.90 2.9322E-04 342.6933 100.0110 69.4742
0.75 1.4235E-04 590.2019 143.5513 99.7156
8-25-[16] 0.60 5.8512E-05 1150.7163 223.8553 155.5312
0.545 3.9868 E-05 1534.7450 271.1929 188.4206
0.50 2.8261E-05 1986.8921 322.1507 223.7923
0.90 2.1009 E-04 324.5255 122.9852 102.3965
8-28-[29] 0.60 3.9539E-05 1122.0953 283.4741 236.0351
0.50 1.8812E-05 1952.0987 411.0055 342.1901
0.90 3.1105E-04 344.0967 97.3222 65.2277
8-28-11] 0.60 6.2305E-05 1153.2501 217.4247 145.7419
0.50 3.0132E-05 1989.4715 312.7029 209.5703
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Table 12 Calculated values of X;

t (sec) 8-24-5) 8-25-[16) 8-28-(29) 8-28-(11)
0 0 2.0000E-05 —4.0000E -06 1.5000E -05
0.1 9.8777E-02 9.9310E-02 9.8913E-02 9.9410E-02
0.2 1.9097 E-01 1.9514E-01 1.9199E -01 1.9553E-01
0.3 2.7197 E-01 2.8494E -01 2.7510E -01 2.8596 E-01
0.4 3.3911E-01 3.6703E-01 3.4576 E-01 3.6911E-01
0.5 3.9133E-01 4.4042E-01 4.0286E -01 4.4403E-01
0.6 4.2887E-01 5.0469 E-01 4.4642E-01 5.1028 E-01
0.7 4.5290 E-01 5.5985E -01 7.7724E-01 5.6783E-01
0.8 4.6522E-01 6.0625E -01 4.9669E -01 6.1695E -01
0.9 4.6795E-01 6.4443E -01 5.0650E -01 6.5814E-01
1.0 4.6336 E-01 6.7513E-01 5.0853E -01 6.9201E -01
1.1 4.5361E-01 6.9914E -01 5.0462 E-01 7.1929E -01
1.2 4.4068E -01 7.1730E -01 7.4074E-01
1.3 4.2625E-01 7.3044E -01 7.5710E-01
1.4 4.1170E-01 7.3937E-01 7.6913E -01
1.5 7.4474E-01 7.7751E-01
1.6 7.4753E-01 7.8289E -01
1.7 7.4805E -01 7.8587E-01
1.8 7.4693E -01 7.8693E-01
1.9 7.4464E -01 7.8653 E-01
2.0 7.8507E -01
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Table 18 Measured values of berthing force
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8-24-(5]  K=1130 (g/cm)

T 0.9 (sec) 0.75 (sec)
RUN 100 106 118 124
t (sec) y=m/2 t v=r t v=r t v=rf2
0 0 0 0 0 0 0 0
0.07 1.1190E-01 0.1 2.0439E -01 0.1 1.7743E-01 0.1 2.7026 E-01
0.17 3.0096 E -01 0.2 2.8014E-01 0.2 3.0090E -01 0.2 4.7938 E-01
0.27 4.4476 E-01 0.3 2.4966 E -01 0.3 3.1446 E-01 0.3 5.8612E-01
0.37 4.9965E -01 0.4 1.7391E-01 0.4 2.4752E-01 0.4 5.7351 E-01
0.47 4.7541E-01 0.5 1.2102E-01 0.5 1.8751E-01 0.5 4.6288E-01
0.57 3.8525E-01 0.6 1.4343E-01 0.6 2.0752E-01 0.6 3.5825E-01
0.67 2.9187E-01 0.7 2.7252E-01 0.7 3.1762E-01 0.7 3.5825E-01
0.77 2.2737E-01 0.8 4.4688E -01 0.8 4.7168 E-01 0.8 4.9151E-01
0.87 2.4661E-01 0.9 6.2842E -01 0.9 5.8535E-01 0.9 6.3901E-01
0.97 3.3393E-01 1.0 7.0417E -01 1.0 6.0396 E -01 1.0 7.0888E -01
1.07 4.3942E-01 1.1 6.8534E-01 1.1 5.3504E-01 1.1 6.5163E-01
1.17 4.9964 E-01 1.2 5.5267E-01 1.2 3.5485E-01 1.2 4.7647E-01
1.27 4.9073E-01 1.3 3.0095E -01 1.3 2.9112E-01
1.37 3.8239E-01 1.4 2.9109E-01

1.47 2.1668E-01 1.5 3.6119E-01

T 0.6 (sec) 0.545 (sec)
RUN 136 142 154 160

t y=r t y=r t v=r/2 t v=3n/2
0 0 0 0 0 0 0 0
0.07 1.2318E-01 0.1 1.9618E -01 0.02 4.9112E-01 0.1 1.2798E-01
0.17 2.1277E-01 0.2 2.8096E-01 0.12 2.2000E -01 0.2 5.4229E-01
0.27 2.1277E-01 0.3 2.5935E-01 0.22 3.4941E-01 0.3 0
0.37 2.1277E-01 0.4 2.2444E-01 0.32 3.3765E-01 0.4 0
0.47 2.8387E-01 0.5 2.8096 E -01 0.42 2.7765E-01 0.5 1.8221E-01
0.57 4.0202E-01 0.6 4.2810E-01 0.52 3.0824E -01 0.6 3.5575E-01
0.67 5.0112E-01 0.7 5.5445E-01 0.62 4.1765E-01 0.7 3.6659E -01
0.77 5.2068E -01 0.8 5.7523E-01 0.72 5.2706 E-01 0.8 2.0174E-01
0.87 4.5409E -01 0.9 4.8462E-01 0.82 5.1412E-01 0.9 9.1106 E-02
0.97 3.7346 E -01 1.0 3.9318E-01 0.92 4.2706 E-01 1.0 1.3232E-01
1.07 3.5162E -01 1.1 3.9318E-01 1.02 3.5765E-01 1.1 2.7549E-01
1.17 3.8962E-01 1.2 4.7714E-01 1.12 3.8706 E-01 1.2 3.2972E-01
1.27 4.2385E-01 1.3 5.4780E-01 1.22 4.5647E-01
1.37 3.8746 E-01 1.4 5.0540E-01 1.32 4.4706 E -01
1.47 2.7884 E-01 1.5 3.4414E-01 1.42 2.8824E-01
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Table 14 Measured values of berthing force
8-25-(16)  K=593 (g/cm)

T 0.9 (sec) 0.75 (sec) 0.6 (sec)

RUN 219 225 237 243 256

t (sec) v=n v=x/2 v=3n/2 v=m v=rx/2
0 0 0 0 0 0
0.1 1.3926 E-01 2.0556 E -01 8.4476 E-02 1.8855E -01 1.7120E-01
0.2 2.2185E-01 4.1071E-01 7.9611E-02 2.3304E-01 3.3043E-01
0.3 2.2635E-01 5.7143E-01 5.9708 E-02 1.9824E-01 4.2826 E-01
0.4 1.9857E-01 6.5635E -01 1.1455E-01 1.8062E-01 4.2174E-01
0.5 1.8581 E-01 6.3849E-01 2.5387E-01 2.3304E-01 4.2174E-01
0.6 2.3236E-01 5.7579E-01 4.3786 E-01 3.8678 E-01 4.7717E-01
0.7 3.5060E -01 5.2500E -01 5.9708 E -01 5.8978E -01 5.9946 E -01
0.8 5.4054E -01 5.0437E-01 6.7669E -01 7.3348E-01 7.0924E -01
0.9 6.9257E-01 5.6479E -01 6.5679E -01 8.0396E -01 7.5815E-01
1.0 8.1081E-01 6.8571E-01 5.7718 E-01 7.8326 E-01 7.2174E-01
1.1 8.2357E-01 7.7698 E-01 5.2941E -01 6.6916 E-01 6.7283E-01
1.2 7.6014E-01 8.3492E -01 5.5728 E-01 6.1454E-01 6.8261E-01
1.3 6.4189E-01 8.1706 E-01 6.4175E-01 6.3436 E-01 7.3370E-01
1.4 5.5743E-01 7.1429E-01 7.7134E-01 7.2863E-01 7.8533E-01
1.5 5.3228E-01 5.8056 E-01 8.5095E -01 8.4273E-01 7.7065E -01
1.6 5.8296 E -01 4.6429E-01 8.2088E-01 8.8238E-01 6.7283E-01
1.7 6.7568 E -01 3.9722E-01 7.0146 E-01 8.1762E-01 5.6250E -01
1.8 7.6014E -01 3.9722E-01 5.7231E-01 6.8414E-01 5.0163E-01
1.9 7.8566 E -01 4.5556 E -01 4.9757E-01 5.2555E -01 5.0761E-01
2.0 7.2635E -01 5.0774E-01 4.5110E-01 5.1957E-01
T 0.6 (sec) 0.545 (sec) 0.5 (sec)

RUN 264 279 282 298 302
t y=nf2 v=0 v=w v=nr/2 v==3r/2
0 0 0 0 0 0
0.1 1.6603E -01 8.3243E-02 1.7141E-01 1.4459E-01 1.0757E-01
0.2 3.4407E-01 2.0185E-01 3.0510E-01 2.5587E-01 1.4343E -01
0.3 4.4238 E-01 3.2427E-01 3.5010E-01 3.1491E-01 1.9761 E-01
0.4 4.7952E -01 4.3471E-01 4.4805E-01 3.0381E-01 2.9562E-01
0.5 4.8553E-01 4.7116 E-01 5.5857E -01 3.6639E-01 4.0319E-01
0.6 5.2867E -01 4.7715E-01 6.6248E -01 4.6026 E-01 4.6614E-01
0.7 6.3900E -01 5.2666 E-01 6.9226 E-O1 5.4504 E -01 4.5737E-01
0.8 7.7444E-01 6.0011E-01 6.6248 E -01 5.7229E -01 4.7490E -01
0.9 8.4817E-01 6.7954E -01 6.4064 E -01 5.6245E-01 5.2032E-01
1.0 8.4817E-01 6.9151E-01 6.7042E -01 5.7078 E-01 5.7371E-01
1.1 7.9246 E-01 6.6104 E -01 7.2204E-01 6.1696 E -01 5.8247E-01
1.2 7.7771E-01 6.3656 E -01 7.4454E -01 6.6768 E-01 5.4661E-01
1.3 8.1103E-01 6.5506 E -01 6.8498E -01 6.5556 E -01 5.2032E-01
1.4 8.7875E-01 6.7954E -01 6.1813E-01 6.1317E-01 5.3625E-01
1.5 8.8476 E-01 6.5506 E -01 5.8107E-01 5.7078 E-01 5.3785E-01
1.6 8.1103E-01 5.6910E-01 5.7229E-01 5.1076 E-01
1.7 6.9416E-01 4.8966 E -01 5.6548 E-01
1.8 6.2043E-01 4.1676 E -01 5.0265E-01
1.9 4.0424E-01 3.9213E-01
2.0 3.9173E-01 3.0659E -01
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Table 15 Measured values of berthing force 8-28-[29] K=1000 (g/cm)
T 0.9 (sec) 0.6 (sec) 0.5 (sec)
RUN 520 526 538 544 556 562
t (sec) v=n/2 t v=n ES 4 v=37/2 v=x t v=x
0 0 0 0 0 0 0 0 0
0.05 ] 8.5559E-02 | 0.1] 1.9017E-01 1.7015E-01 | 5.8008E-02 | 7.0085E-02 | 0.1 1.4973E-01
0.15 2.7817E-01 | 0.2 2.9391E-01 2.4735E-01 1.2218E-01 1.8689E-01 | 0.2} 2.1536E-01
0.25 | 4.7058E-01 | 0.3] 3.0508E-01 | 2.3449E-01 | 2.3255E-01 | 2.5926E-01 | 0.3} 2.5912E-01
0.35 | 5.9474E-01 { 0.4] 2.5511E-01 2.4621E-01 3.4831E-01 3.0370E-01 | 0.4] 3.2912E-01
0.45 7 6.2041E-01 | 0.5 1.9017E-01| 3.0712E-01 | 4.4841E-01 | 3.7379E-01 | 0.5 4.3072E-01
0.55 | 5.4758E-01 | 0.6/ 1.7900E-01 | 4.1636E-01 | 4.7767E-01 | 4.2051E-01 | 0.6 5.2018E-01
0.65 4.1924E-01 | 0.7 2.4647E-01 5.1701E-01 4.4507E-01 4.9060E-01 | 0.7 5.5809E-01
0.75 3.1240E-01 | 0.8 3.8899E-01 5.6277E-01 4.1581E-01 4.9972E-01 | 0.8] 5.6198E-01
0.85 | 2.7379E-01 | 0.9 5.5766E-01 | 5.1816E-01 | 4.3686E-01 | 4.9060E-01 | 0.9] 5.8192E-01
0.95 | 2.8235E-01 | 1.0} 6.7953E-01 4.6897E-01 4.9153E-01 | 5.1396E-01 | 1.0 6.1789E -01
1.05| 4.4491E-01 | 1.1 7.2191E-01 4.5725E-01 5.5262E-01 | 5.6063E-01 | 1.1 6.4171E-01
1.15] 5.6052E-01 | 1.2 6.6561E-01 4.9242E-01 5.4723E-01 5.9544E-01 | 1.2| 6.1789E-01
1.25 | 6.2041E-01 | 1.3] 5.1866E-01 5.3932E-01 4.6946 E -01 5.2593E-01 | 1.3 5.4205E-01
1.35| 5.7763E-01 | 1.4 3.5442E-01 5.3932E-01 3.8937E-01
Table 16 Measured values of berthing force 8-28-(11) K=557 (g/cm)
T 0.9 (sec) 0.6 (sec) 0.5 (sec)
RUN 428 434 446 452 464 RUN 470
t (sec) y=n/2 yv=r yv=nf2 v=r v=0 t v=37/2
0 0 0 0 0 0 0 0
0.1 1.5732E-01 2.4124E-01 1.6182E-01 1.1751 E-01 3.6019E-02 | 0.1 6.9675E-02
0.2 3.6701 E-01 3.7526 E-01 3.2515E-01 1.6522E-01 1.2038E-01 0.2 1.2312E-01
0.3 5.6622E-01 4.2454E-01 4.0848E-01 1.7411E-01 2.4123E-01 0.3 2.0181E-01
0.4 6.9732E-01 3.9835E-01 4.2364E-01 2.1294E-01 3.8578 E-01 0.4 2.7545E-01
0.5 7.4021E-01 3.4082E-01 4.3455E -01 3.0964 E-01 4.7014E-01 0.5 3.4874E-01
0.6 6.7093E-01 | 3.1567E-01 | 5.0091E-01 | 4.2576E-01 | 5.0616E-01 | 0.6 3.6606 E-01
0.7 5.6619E -01 3.7216 E-01 6.1636 E-01 5.3553E-01 5.5450E-01 0.7 3.8917E-01
0.8 4.9278 E-01 5.0845E-01 7.2424 E-01 5.7944E-01 6.0995E-01 | 0.8 4.3863E -01
0.9 4.8763E-01 6.8680E-01 7.7061 E-01 5.6777E-01 6.6256E-01 | 0.9 5.0469E-01
1.0 5.7670E-01 8.4928 E-01 7.3970E-01 5.6015E-01 6.9905E-01 1.0 5.5993E -01
1.1 7.2351E-01 9.4144E-01 7.0879E-01 6.0660E-01 | 6.9905E-01 1.1 5.7437E-01
1.2 8.7031E-01 9.3320E-01 7.1667E-01 | 6.7766 E-01 6.9905E -01 1.2 5.8014E-01
1.3 9.4680E-01 | 8.3876E-01 | 7.7061E-01 | 7.3832E-01 | 7.4692E-01| 1.3 5.9097E-01
1.4 9.3320E-01 6.8680E -01 8.3212E-01 7.4975E-01 7.7346 E-01 1.4 6.1300E-01
1.5 8.1773E-01 | 5.7134E-01 | 8.4758E-01 | 6.9695E-01 | 7.8341E-01| 1.5 6.2238 E-01
1.6 6.3753E-01 5.3464E-01 7.8576 E-01 6.4670E -01 7.7109E-01 1.6 5.8736 E-01
1.7 4.7711E-01 6.0289E -01 7.0879E-01 6.3249E-01 7.4929E -01 1.7 5.4693E-01
1.8 3.9320E-01 6.6273E-01 6.4543E-01 | 7.4929E-01
1.9 4.0371E-01 6.6273E-01 6.5812E -01 7.5924E-01
2.0

(185)




20

Lo - . e - e —
8-24-(5) = CALCULATED
O (ws
T=0.9 (sec) ST MEASURED
r
g e~
2 N >
Zos %
>
N
o
) 05 10 15 20
t (sec}

Fig. 6 Comparison between calculated and measured

values 8-24-(5) T=0.9 (sec)
I.O T
8-24-(5) = CALCULATED
T:075 (sec) Qivim® MEASURED
I
g
Zos
=
0
[¢] 1.5 20

t {sec)

Fig. 7 Comparison between calculated and measured

values 8-24-(51) T=0.75 (sec)
1.0 ;
8-24-(5) CALCULATED
- ow=m)
T= 0.6 (sec) aiyew) MEASURED

X (sec)

t (sec)

[Xe) 1.5

Fig. 8 Comparison between calculated and measured

values 8-24-(5) T=0.6 (sec)
1o T T
8-24-(5) ' CALCULATED
T= 054 oW =m2)
0.545 (sec) A ty23mp9) MEASURED

L
t (sec)

o 15

Fig. 9 Comparison between calculated and measured

values

(136)

8-24-(5)

T=0.545 (sec)

[Re} - -
8-25-[16]

T =09 (sec)

(sec)
I
N\
\YL
/

0.5

/
x 9
//

- V=

s fa \; . CALCULATED
Wk OWET/2 e ASURED
. Aly=m)

4 |
° 10 15 20

t (sec)

Fig. 10 Comparison between calculated and measured

values  8-25-(16]) T=0.9 (sec)
10—
8-25-(16)
T= 075 (sec) "‘q A
X
/e
- ( N
H 7
<05 a
x /
/
//
Ve
e/ CALCULATED
4 © Wi3m/2)
oSo o o ivem MEASURED
o e ” V=32 |
o 05 ) 15 20

t (sec)

Fig. 11 Comparison between calculated and measured

values 8-25-{16) T=0.75 (sec)
10
8-25-(16)
T=06 (sec)
3 . a
" e
- Pi a0
x v
//r/"u'/z
= CALCULATED
O W) | ASURED
AVE/2)
1
o5 10 15 20

t (sec)

Fig. 12 Comparison between calculated and measured

values 8-25-[16]) T=0.6 (sec)
1.0
8-25-(I6)
T =0.545 (sec)
5
“
~o05
> a
~ L
~ )
7/ e
f ;,'/" T = CALCULATED
/
A fo YT o2 MEASURED
o 2 L
o 0.5 10 15 20

t (sec)

Fig. 13 Comparison between calculated and measured

values  8-25-(16) T=0.545 (sec)




8-25-[i6)
T = 05 (sec)

CALCULATED

O w=mr2)
A we3ns2) MEASURED

I
[Xe .5 20
t {sec)

Fig. 14 Comparison between calculated and measured

values 8-25-(16) T=0.5 (sec)
1.0
8-28- (11} T
/1 /\
T=09 (sec) ¥4 4 \
\, /)‘
° NG
° // /X“‘/
s s
205 7 ]
x J o N ° o
s
AL - CALCULATED
/’ o (V=7/2)
vz, emy | MEASURED
0 L laal [
0 05 0 15 20

Fig. 15 Comparison between calculated and measured
8-28-(11) T=0.9 (sec)

values

8-28-(11)
T= 08 (sec)

= =  CALCULATED

O W=m/2)
50 m) MEASURED

!
[¢] 05 e} L5 20

2

Fig. 16 Comparison between calculated and measured

values 8-28-(11) T=0.6 (sec)

1.O —— —
8-28- (i)
T = 0.5 (sec)

X (sec)

== CALCULATED

Otv=0)
oy ~3urzy MEASURED
1

1O 1S 20
t (sec)

Fig. 17 Comparison between calculated and measured
values 8-28-[11) T=0.5 (sec)

21

8-28-(29) == CALCULATED
T= 09 (sec)

C (y=m/2}
peo  Atwsm) MEASURED

X (sec)

15
t (sec)

Fig. 18 Comparison between calculated and measured

values 8-28-(29) T=0.9 (sec)
1.0 i
8-28-(29) —
== calcuatep
T=086 (sec) i
215 2y MEASURED
,"{&;K%«A
S
o <
—\ v:0
V=ms2
V-
1.0 15

t (sec)

Fig. 19 Comparison between calculated and measured

values 8-28-[29] T=0.6 (sec)
Lo ‘
8-28-(29) CALCULATED
- 0! ow:m
T =05 (sec) Awew) MEASURED
— a
9 A a3 0%
< os - EaVEaS
x AL DD
/
V0
van/2
/
[ ve3m2
o]
0 05 r) 15

t (sec)

Fig. 20 Comparison between calculated and measured
values  8-28-(29) T=0.5 (sec)

BEBD T, TOXSBHETE, EERRIHDS
PTERL, BRELTCVWAMCEAERALTCYS X 5%
RETH - T, WIRRRERC X 2EFENOIEELH
WET DML ORRBBHEGEF X bR, IR E
FET550TH5, LT, EREELZEELT
W5 ZOEED B E 2 T 5, 72 RUN
470, RUN 452, RUN 282 /x B3 B X v/ hx
252 T35, ThixERCLy, Ficksith
DEEORECIDbDLELZLNS,

(137)




22

4. 8 B

2. BXV 3. TukR7d b, HEE R Koo
<, HHIE D<O DBPAITOWT, HKERE & MR E
WL, IR ZRET LafiR, oz L
EPAN

1) WEOKE XX, BV, TR i MER
FHWEOBEFREOEEEZF VT IV,

2) fRoER LR OB ER T 5T & Kk
MORBNERT 20X & XDHIE, BEPBE
D12 LWTFoLEZ 0, HEOKENEEIX 0.4 12
EThb,

3)  PHUEFTAENE, mRAUE & R E O AR E
NebDrLT5ZEMNTEL, EWEER, BN
IB5LDEFEDEVIKNTIESDEDFTH S,

4) EERNE, FPEO 2 0B X BERNON
KT, BEFCRTAEANREONMICX »T, #
B ORMNZELT R 528, BKIERE, EXWW
HEC X5 HE AL L, FYREEC X 5 EM oK
OFL X > TRDBZENTES, Thbbifrhs
F r3hid,

Fnax=K (Zo max+Ts max)

LB,

(138)

1Y)

2)

3

4

5

6)

7

s % X W

i W FROERICOWT, EREITIE
ik, 35115510 %, (136 410 J1)
ET W RROERNIC VT (RLEROY
), MAGENERZERTIG, W 1%E 1S, (B
39421 H)

HE W MinoEREIK O WwWT B Lo 3
WL OBMR), MBI S, #1558
1%, (BM394£E1A)

O AEBCRT S 10 HAARRAHE LY
< VIERER, MASNARNE, B15H1
5, (B394 1A)

%“;’é 'l;;ﬁ) FHEI %ﬁ; %HL%E A—sR— RV T
— B R, A0 B BT TR, 156
5, (BEM394E11H)

RO ERAEEL L MMOERD, B
bRk, H4EW2S, (BML243H)
L. Rundgren: Water wave forces, Transactions
of Royal Institute of Technology, Stokholm, No.
54, (1958)




