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Impact Force by VLCC Moored to Dolphins

Shigeru UEDA*
Kiichi SATOM™*

Synopsis

Theoretial solution of impact force by VLCC moored to dolphins in irregular waves is obtained.
Also observation are carried out at the presently operating berth. Computed values are comfirmed
to agree with observed values.

On the other hand, obsearved values are analyzed in order to obtain the relations between
deflections of fenders and dolphins and the effects of wind and waves. Consequently, followings are
cleared.

(1) Deflection of mooring facilities by impact force of VLCC moored to doiphins are affected by
waves than wind when wind velocity is less than 10 mfs. And even if wind velocity is in
the range from 15~20 m/s, it does not affect so much when the wind direction is not laterally
to ship’s hull.

(2) Moored VLCC moves in the period coincides to the natural period of the mooring systems.

(3) Histgrams of deflection of mooring facilities agree with Rayleigh's distribution. Relation
between maximum values and significant values expressed as ¥mex=(1.5~1.6)y1s.

(4) Virtual mass coefficiet in sway motion of VLCC moored to dolphins are assumed as 1.7~2.0.

* Chief of Offshore Structures Laboratory, Structures Division
#:  Ex-Member of Offshore Structures Laboratory, Structures Division
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FAMOERERRE M- CHBDERD D £TT,
4 iﬁﬂ%ir—:&éﬂ;r vl o gt o s E w4

RERR, FERERE, TREEbYoXiics
a:.i'i'.,IL FASHDISWEDFE i, ¥, H-4.16
BENRLEHRLELOTHED, Z0MELE, RN

F-4.5 M BRI « TR - &
i

Fouo 7| By v aez| BB F ez Y

Case No. ¥ LA v | A ey | AR
KAd47- 1-1| 1.80 1.52 0.70. 0.72) 5.4} 27.0
-2 | 1.13 1.23 0.80 0.74 0.4 6.9
KA47- 2-1] 1.1 1.07} 0.68 0.73 2.0 15.2
KAd47- 4-1| 1.19] 1.29 0.81] 0.81 0.6| 8.6
KA47- 7-1 | 1.26) 1.19] 0.59 0.57 11.4| 54.8
-2 1.87, 1.33 0.61 0.59 4.6| 30.2
-31 1.71: 1.59 0.60, 0.59\ 4.9 28.7
KA47- 8-11 1.43 1.33 0.65 0.65 1.3] 9.6
-2 | 1.440 1.39 0.74 0.71 0.5 2.5
-3| 1.45 1.52 0.78 0.70, 0.8| 7.3
KA47-9-1| 1.18 1.23 0.72 0.7¢ 1.8 13.5
-2| 1.21] 1.07, 0.68] 0.76 2.4 1il.1
-3| 1.27 1.15 0.73 0.76 2.0 12.5
KA47-10-1 | 1.60) 1.70; 0.66 0.63 2.4| 20.5
-2 | 1.25 1.83] 0.72 0.67 1.5| 16.3
-3 1.42 1.52) 0.64 0.66 3.9| 22.7
KA48- 1-1 | 1.100 1.14} 0.63 0.70, 6.7 9.2
-21 1.42 1.38 ©.73] 0.75 4.2 7.5
-3¢ 1.18 1.17) 0.64) 0.72 6.9 8.0
-4 1 1.23 1.30 0.79] ¢.74 1.01 3.6
51 1.3 1.41] 0.72) 0.700 2.1 4.7
KA48-4-1] 1.00 1.000 0.53 0.50 0.3] 1.4
KA48-7-1| 1.23 1.10 0.73 0.74 3.7| 8.5
KA48- 9-1| 1.13 1.29 0.71 0.68 1.5} 5.7
-2 1.38 1.280 0.68 0.75 4.1{ 6.0
-31 1.258 1.18 0.68 0.74 3.1| 5.0
KA48-11-11 1.13} 1.37 0.63 0.66 3.2| 9.3
# i | 35.42) 35.58 18.55}18.63 82.7 | 355.9
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FEhoRB # v H —Oil%EN

1

HE-4 G eEIREER K A47-7-1~3

—
f5-5 HWEHEEN KA47-8-1~3

{f18-6 S FRAEN K A47-15-1~3

HE-T VHHETIEER K A48-1-1~3
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fE-11 - HREER K A48-9-1

HE-12 WeEREEE K A48-9-2~3

{H3H-13  WEERRER K A-48-11-1
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fF-1 Dy BRTEhEREER KA47-1-1~2

No, o { fm] ¢ [mm] a B.P[t] | & [t/m] sin & cos d LINE 4
1 Fak =04 53.0 75.0 10.0 71.0 5.75 1.00 5.66 Spring
2 ¥ P P P x ” » P ¥
3 L 44.90 # 13.0 ” G.93 1.56 6.75 4
4 L4 39.0 ” ” # 7.82 1.76 7.62 #

5 4 145.0 ” 25.0 # 2.10 0.89 1.90 Bow
6 # 169.0 # 33.0 # 18.0 0.98 1.5% Spring
7 p » w p p p » P #
8 # 145.0 # 23.0 # 2.10 0.82 1.93 Bow
9 # 116.0 # 4%.0 # 2.63 1.73 1.73 »
10 # ” ¥ P P P p P P
13 L3 118.0 # 38.0 # 2.58 2.59 2.03 ¥
12 " 99.0 ” 45.0 ” 3.08 2.18 2.18 Stern
13 # 74.0 r 62.0 # 4.12 4.12 1.93 Breast
14 » # # # P # # p ”
15 o 99.0 # 45.0 # 3.08 2.18 2.18 Stern
16 # 8.0 ” 75.0 " 3.91 3.73 1.01 Breast
17 # ” r ” » P p » "
18
19
20
21
22
23
24
25
Total 33.74 48.27
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VRIS & v — Dl

-2 R REhERTER KA47-2-1
No. # H I {m] ¢ [mm] [} B.P[t] | k [t/m] sin & cos @ LINE £
1 FARrY 53.0 75.0 10.0 71.0 5.75 1.00 5.66 Spring
2 # 39.0 # 13.0 " 7.83 1.76 7.62 #
3 * 53.0 " 10.0 # 5.75 1.00 5.66 ”
4 # 44.0 " 13.0 # 6.93 1.56 6.75 #
5 ” 145.0 # 24.0 # 2.10 0.85 1.92 Bow
6 r " ¥ ” # » ” » ”
7 4 99.0 " 45.0 # 3.08 2.18 2.18 Stern
8 ” o ” u ” “ # “ Ll
9 # 116.0 # 49.0 4 2.63 1.98 1.73 Bow
10 ” 169.0 # 33.0 L4 1.80 0.98 1.51 Stern
11 r r ¥ ” ¥ ¥ # » ¥
12 # 116.0 L4 49.0 # 2.63 1.98 1.73 Bow
13 # 74.0 4 62.0 ¥ 4.12 3.64 1.93 Breast
14 " » r # ” ¥ # ¥ ¥
15 # 78.0 # 75.0 4 3.01 3.78 1.01 ”
16 ” ” » ” I L] # r "
17
i8
19
20
21
22
23
24
25
Cotal 31.14 46.25
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f$5-3 PV EHRERENRER KAd7-4-1

No. Mon ! [m] ¢ [mm] g B.P[t] | k [t/m] sin ¢ cos LINE #
i FA ey 45.0 75.0 6.5 71.0 6.78 0.77 6.74 Spring
2 7 — ¥ 38.0 # 72.0 45.93 5.20 45.63 #

3 FirY 38.0 75.0 13.0 71.0 8.03 1.81 7.82 #
4 VA4 Y— 4 38.0 # 72.0 54.39 12.24 53.00 #
5 FA ey 130.0 75.0 27.0 71.0 2.35 1.07 2.09 Bow
6 # # r # ” ” » " #
7 L 170.0 # 26.0 # 1.79 0.78 1.61 Stern
8 I ” " # ¥ 4 # # #
9 L4 86.0 # 45.0 # 3.55 2.51 2.51 Bow

10 u ¥ ” o # # ” 4 »
i1 # 96.0 L4 34.0 ” 3.18 1.78 2.64 Stern
12 # ” » ¥ " ” # u #

13 # 143.0 ” 26.0 ” 2.13 0.93 1.91 Spring

14 U A — # 38.0 # 72.0 14.45 6.33 i2.99 #

15 FA ey 67.0 75.0 70.0 71.0 4.55 4.28 1.56 Breast
15 FA Y- # 38.0 ” 72.0 30.85 28.99 10.55 #
17 # 55.0 # 85.0 ¥ 37.58 37.44 3.28 #
18 v P ” P P » » » #
19

20

21

22

23

24

25

Total 147.71 164.46
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WSROI 2 v b — oiliged

-4 BUEHFHThERITEHE KA47-7-1~3

No.

I [m)

¢ [mm]

a

B.P [t]

k ft/m]

sinf

cos @

LINE 44

53.0

75.0

10.0

71.0

5.75

1.00

5.66

Spring

4

#

i

L4

#”

44.0

#

13.0

”

6.93

1.56

"

39.0

7.82

1.76

145.0

24.0

2.10

0.85

#

#

¥

99.0

45.0

2.18

Stern

”

”

10

169.0

33.0

0.98

11

12

13

116.0

49.0

1.98

1.73

Bow

14

#

15

74.0

62.0

3.64

1.93

Breast

16

”

17

78.0

75.0

3.78

1.01

L

18

19

20

21

22

23

24

Total

33.97

49.68
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13

LH B —
f13R-5 BORRChERNESR KA47-8-1~3
No. b { [m] ¢ [mm] ) B.P[t] | & [t/m] sin cos & LINE #
1 7 Vv 110.0 86.0 i8.0 50.5 1.84 0.75 1.75 Spring
2 UAx¥— 150.0 40.0 4.0 80.0 15.55 1.08 15.51 #
3 # 110.0 L4 18.0 21.21 6.55 20.17 ”
4 # 150.0 # 4.0 15.55 1.08 15.51 #
5 7 Ve 145.0 80.0 24.0 50.56 1.40 (.57 1.28 Bow
6 ¥ » # » # o p r #
7 UA K 15G.0 40.0 4.0¢ 80.0 15.65 1.08 15.51 Spring
8 gLEF 116.0 80.0 49.0 50.5 1.75 1.32 1.15 Bow
9 p r P ” ¥ » v P "
10 7A4Y—- 150.0 40.0 4.0 80.0 15.56 1.08 15.51 Spring
11 # 74.0 4 62.0 # 31.53 27.84 14.80 Breast
12 ¥ VvES L4 80.0 4 50.5 2.74 2.42 1.14 #
13 # 99.0 ” 45.0 # 2.05 1.45 1.45 Stern
14 # » " . p p P p »
15 ” 146.0 ” 1.0 # 1.39 0.72 1.19 #
16 # # ¥ r » # p » p
17
18
19
20
21
22
23
24
25
Total 49.82 110.04
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ok E 2 v h — DRl

ffF&-6

HibhEHMEE KA47-13-1~3

No. M I [m] ¢ [mm] 8 B.P[t] | & [tfm] sin & cos LINE 4
1 Faki = 44.0 75.0 13.0 71.0 6.93 1.56 6.75 Spring
2 # 39.0 ” # ¥ 7.82 1.76 7.62 4
3 ¥ 53.0 # 10.0 # 5.75 1.00 5.60 #

4 » ¥ » ” ” ” » r "
5 # 169.0 ” 33.0 4 18.0¢ 0.98 1.51 Bow
6 L4 116.0 ” 49.0 ” 2.63 1.98 1.73 Stern
7 ” 145.0 4 24.0 # 2.1¢ 0.82 1.93 Bow
8 # # # # # ” b » »
9 z " ” # # ” # » x

10 L 169.0 # 33.0 » 1.80 0.98 1.51

11 L4 74.0 # 62.0 ” 4.12 3.64 1.93 Stern

12 # 78.0 ¥ 75.0 # 3.91 2.78 1.01 ”

13 L4 132.0 # 2.70 # 2.31 1.05 2.06 Bow

14 ” 99.0 4 45.0 # 3.08 2.18 2.18 Stern

15 ” 103.0 # 30.0 # 2.96 1.48 2.56 Breast

16 ” 169.0 # 33.0 ¥ 1.80 Q.98 1.61 Stern

17 ” 103.0 » 30.0 " 2.96 1.48 2.56 Breast

18 4 118.0 " 38.0 ” 2.58 1.59 2.03 »

19 x r # » # r ¥ # »

20

21

22

23

24

25

Total 29.49 54.10
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FE-7 HeFREhEEIER KA4-1-1~3
No, # | I [m] ¢ [mm] ) B.P[t] | k [tfm] sin cos LINE #

1 FARY 53.0 75.0 10.0 71.0 5.75 1.00 5.66 Spring
2 ¥ » " ” ” ¥ v ¥ "

3 ’ 35.0 # 13.0 ” 7.82 1.76 7.62 "

4 ¥ 44.0 " # 4 6.93 1.56 6.75 #

5 # 78.0 4 5.0 ” 3.91 3.78 1.01 Breast
6 p ¥ » w " ” » P ’

7 # 122.0 # 40.0 L4 2.50 1.61 1.92 ”

8 p " P p ” # # p P

9 # 99.0 # 45.0 # 3.08 2.18 2.18 Stern
10 # ” & ” " » # ” ”
il # 116.0 # 49.0 " 2.63 2.63 1.98 Bow
12 ¥ ¥ ” ¥ » # » ” ”
13 # 169.0 " 33.0 # 1.80 0.98 1.51 Stern
i4 4 145.0 # 24.0 # 2.10 0.85 1.92 Bow
15 ¥ " y p # " y p p
16 # 169.0 ” 33.0 " 1.80 1.80 0.98 Stern
17 4 118.0 4 38.0 # 2.58 1.59 2.03 Spring
18

19
20
21

22

23

24

25

Total 31.69 48.23
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oS oRE 2 v b — DiliER

-8 TV HBEIThERIIEE KA47-1-4~5

No M % | [[m] | 4 [mm] 0 BRIt} | k[tym] | sing csé | LINE #
1 ;A v 53.0 75.0 10.0 71.0 5.75 1.00 5.66 Spring
2 ” # ” ” P # » # P
3 " 39.0 # 13.0 4 7.82 1.76 7.62 4
4 # 44.0 4 L4 " 6.93 1.56 6.75 4
5 # 78.0 # 75.0 4 3.91 3.78 1.0 Breast
5 " # " # # ” P » p
7 # 122.0 # 40.0 # 2.50 1.61 1.92 #
38 p » » p # ¥ p p »

9 L4 99.0 L4 45.0 # 3.08 2.18 2.18 Stern
10 r p P # ” » # p "
11 # 116.0 " 49.0 # 2.63 2.63 1.98 Bow
12 # p ” ¥ ¥ P # . p
13 # 169.0 s 33.0 # 1.80 0.98 1.51 Stern
14 # 145.0 # 24.0 # 2.10 0.85 1.92 Bow
15 p r p P . ” . ” »
16 ” 169.0 # 33.0 L 1.80 1.80 0.98 Stern
17 4 118.0 # 38.0 ” 2.58 1.59 2.03 Spring
18 # 53.0 4 10.0 " 5.75 1.00 5.66 #
19 # 118.0 # 38.0 L4 2.58 1.59 2.03 4
20
21
22
23
24
25

Total 33.40 50.30
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L H OE-EEY-

fF%-9 WP RIEThERIER KA48-4-1

No. # B { [m] ¢ [mm] & B.P [t} | & [t/m] sin ¢ cos & LINE 4
1 P A B =g 53.0 72.0 10.0 71.0 5.75 1.00 5.66 Spring
2 u 44.0 ” 13.0 # 6.93 1.56 6.75 #

3 4 53.0 # 10.0 " 5.75 1.00 5.66 L4
L4 39.0 # 1£.0 » 7.82 1.76 1.7% #

5 L4 132.0 # 27.0 ” 2.31 1.05 2.06 “

6 # 116.0 # 49.0 # 2.63 1.98 1.73 Bow

7 # 118.0 4 38.0 ¥ 2.58 1.59 2.03 Spring

8 # 74.0 # 62.0 # 4.12 3.64 1.93 Breast

9 ” 122.0 # 40.0 4 2.50 1.61 1.92 #

10 T A Y- 118.0 38.0 38.0 72.0 17.52 10.79 13.81 Spring

11 F{ew 145.0 72.0 23.0 71.0 2.10 0.82 1.93 Bow

i2 ” 99.0 " 45.0 # 2.08 2.18 2.18 Stern

13 # # L4 60.0 # # 2.67 1.34 ¥

14 ” 145.0 ” 24.0 u 2.10 0.85 1.92 Bow
15 ¥ ” #” # ” # # o ”
16 # 146.0 ” 31.0 ” 2.09 1.08 1.79 Stern

17 ” 169.0 # 33.0 " 1.80 (.98 1.51 #
18 " ” P " " P P ¥ P
19
Z0
21
22
23
24
25

Total 36.39 57.36

—110—



AR ORE £ v A - DR

f1#-10 v WEiEhekiElk KAs-71
No. 7 R I [mi ¢ [mm] & B.PE] | kb [t/m] sin ¢ cos ! LINE 44
1 T AN 47.0 42.0 G.5 88.0 55.32 6.26 54.96 Spring
2 ol I =V 130.0 90.0 27.0 101.3 3.51 1.59 3.13 Bow
3 » » » # # » ” » P
4 A — 37.0 42.0 13.0 88.0 70.27 15.81 68.47 Spring
5 FAm 130.0 60.0 27.0 101.3 3.51 1.59 3.13 Bow
6 4 96.0 # 34.0 ¥ 4.76 2.66 3.95 Stern
7 ” ¥ ” ” ” # ” ” ”
8 VA — 67.0 42.0 70.0 88.0 38.81 36.47 13.27 Breast
9 ” 55.0 ” 46.0 4 47.27 34.00 32.84 Spring
10 b 67.0 # 70.0 # 38.81 36.47 13.27 Breast
11 # 55.0 4 46.0 # 47.27 34.00 32.84 Spring
12 #* 45.0 " 6.5 # 57.78 6.54 57.41 #
13 FAmy 116.0 90.0 29.0 101.3 3.94 1.91 3.45 #
14 DA Y 39.0 42.0 13.0 88.0 66.67 15.81 68.-47 Spring
15 ks =V 114.0 90.0 29.0 101.3 4.00 1.94 3.50 ¥
16 # 170.0 L4 26.0 # 2.76 1.18 2.42 Stern
17 ” 143.0 ¥ ¥ ¥ 3.19 1.40 2.87 Spring
18 # 144.0 # 4 # 3.17 1.39 2.85 #
19
20
21
22
23
24
25
Total 203.27 373.91
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LE OE-EEE -

F:-11 WeEEhERER KA48-9-1

No. R ! [m] & [mm] g B.P[t] | k [t/fm] sin & cos LINE #
1 Al = 53.0 75.0 10.¢ 71.0 5.75 1.00 5.66 Spring
) p # # » # # # » #

3 # 56.0 4 8.0 # 5.45 0.76 5.40 4
4 # # " » # » " » »
5 # 44.0 ” 13.0 # 6.93 1.56 6.75 "
6 # 39.0 4 4 ¥ 7.82 1.76 7.62 #
7 # 145.0 # 24.0 4 2.10 0.89 1.90 Bow
8 » » # # x ’ # » r
9 # ” » ” P r # ” ”
i0 # 118.0 # 38.0 # 2.58 1.59 2.03 Spring

11 ” » p p # " » p #

12 # 91.0 # 64.0 4 3.35 3.01 1.47 Stern
13 ” 116.0 # 49.¢ 4 2.63 1.98 1.73 Bow
14 ¥ 132.0 # 27.0 # 2.31 1.05 2.06 4
15 # 99.0 ” 45.0 # 3.08 2.18 2.18 Stern
16 ¥ 83.0 # 84.0 # 3.67 3.65 0.38 Breast
17 4 96.0 # 45.0 L4 3.08 2.18 2.18 Stern
18 # 74.0 # 62.0 ” 4.12 3.64 1.93 Breast
19 r r # # P # ” » #
20 # 169.0 # 33.0 ¥ 1.80 0.98 1.51 Stern
21
22
23
24
25

Total 35.0 61.62
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TR DA & vk — ol

fIE-12 e PiEheEliliE® KA48-9-2~3
No, 4 { fm] ¢ [mm] [} B.P[t] | &k [t/m] sin @ cos ) LINE 4,

1 FA Ry 169.0 75.0 33.0 71.0 1.80 0.98 1.51 Stern
2 # ” 4 & » # 14 » "

3 # # » ” 4 1.85 1.00 1.55 ”

4 ¥ 99.0 ¥ 45.0 L4 3.08 2.18 2.18 #

5 P p » P # ¥ » p p

6 # # # # # ” # ” P

7 # 118.0 # 38.0 ” 2.58 1.59 2.08 Spring
8 ¥ P p ¥ p » # » "

9 # 44.0 # 13.0 ” 6.93 1.56 6.75 #
i0 # 39.0 L4 " L4 7.82 1.76 7.62 ”
11 ¥ 53.0 # 10.0 ” 5.75 1.00 5.66 #
12 # P v # » " ” P ”
13 # 56.0 # 8.0 # 5.45 0.76 5.40 4
14 # 74.0 ¥ 62.0 ¥ 4.12 3.64 1.93 Breast
15 w ” » ” # ” ” ” »
16 # 83.0 4 84.0 L4 3.67 3.65 (.38 4
17 L4 145.0 " 24.0 # 2.10 0.89 1.90 Bow
18 ¥ P p " P p w P "
19 » » # » ¥ # P # #
20 # 56.0 4 8.0 u 5.45 0.76 5.40 Spring
21

22

23

24

25

Total 33.12 61.6
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Bf
i

=

i

f%-13 FeFEhERETER KA48-11-1

No. ot | 1m) | ¢ fom) ! o | BPI ! k[tfm] | sing cosd | LINE #
1 F A 53.0 75.0 10.0 71.0 5.75 1.00 5.66 Spring
2 " » " » " » 'l » I
3 " 44.0 " 13.0 ” 6.93 1.56 6.75 ”
4 " 56.0 " 10.0 ” 5.45 0.93 5.37 »
5 » 99.0 " 45.0 v 3.08 2.18 2.18 Stern
6 # v ” ” ” ¥ » ” ”
7 ” 136.0 v 23.0 " 2.24 0.88 2.06 Bow
8 " 145.0 ” 24.0 ” 2.10 0.82 1.93 »
9 ” 146.0 # 31.0 4 2.09 1.08 1.79 Stern
10 ” 145.0 # 24.0 # 2.10 .82 1.93 Bow
11 # 146.0 " 31.0 ” 2.09 1.08 1.79 Stern
12 P 136.0 ” 23.0 » 2.24 0.88 2.06 Bow
13 ” 169.0 " 33.0 " 1.80 0.98 1.51 Stern
14 # # »” » » » ” » ”
15 v 122.0 " 40.0 P 2.50 1.61 1.02 Breast
16 " 118.0 ” 38.0 ” 2.58 1.50 2.03 v
17 " 122.0 " 40.0 " 2.50 1.61 1.92 ”
18 » 74.0 " 62.0 " 4.12 3.64 1.93 ”
19 y 39.0 # 3.0 # 7.82 1.76 7.62 Spring
20 Id g s » # " I I ”
21

22

23

24

25

Total 28.36 65.42
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