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A Prediction Method of Tension on Containment Boom for

Marine Floating Debris
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Abstract

The main functions of containment boom for marine floating debris are to prevent
spreading of the marine floating debris and to effectively collect the trash skimmer. The
design characteristics of containment boom for marine floating debris in wave, current
and wind are investigated. The response of a containment boom on the current is a
function of a number of parameters, such as geometric characteristics, buoyance/weight
ratio and towing velocity. To understand the relationship between these design
parameters more clearly, a series of tests with three models with the variation of current
speed and gap ratio was conducted. The model tests results are developed to new
numerical equation that is tension prediction method of containment boom for marine
floating debris. Also its is compared with open sea experimental results.

Keywords: Containment Boom for Marine Floating Debris(Zbe+5}), Tension(Z33), Gap
Ratio(7}-7-91).
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Fig. 1 Components of the containment boom.
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Fig. 2 Experimental modets of the containment boom.
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Fig. 3 Tensionmeter and swivel for experimentation.

4.3 AI@H{% o R, 0360
Rgc*0.400
eete] Ay AL AFsted dol &5 ., Borosu
W ATEE o] ZbAA AEs FRSAT T g Q o
Ageure] Heli= U A3 JPoz Uro] A¥s lm; e Quadic ffor k0360
9low, skin frictionol % W& A S} | g::::::g o
71 gste] AAdte] AFAFAl Hadel whERAF o Qudnic Rk, 0600
& Azs= ) 2L e A}gskd A =} 0.80 — Quadratc fitfor R_+ 0720
gog Agurs F&5¥ AFsAH .
0.60 —
5. Algl A 1t 1
0.40 —
BHow gt i3 RPAE Af(eE $4 4 .
zxd pyyg ANgaxE Fsta 7HA B 020 |
(1/20, 1710, 1/5 Z#uDel gt A4 & 33t
o At FHEA VP ARE A=A i
Eid= 0.00 T T T T T T T T ™
Q.00 0.10 020 Q.30 040 Q.50
- - u
51 1/20 55 23 A1 v
120 227 wd A8 A Fig. 49 =A% Fig. 4 Nondimensional tension distribution for the
o B oagans 84 F2 Aedcied ¥ 1/20 scale model.
HEA7IW(C,=1.5)7 wlastdch 2L
gt & Aol @ FHAANE T 12 gg ozt A9S FAL FEIHD A=
A AV I: i Zolzt vz Ae AT 3 3o olastgly] YErom olsjEth £ A
Foem, APHZE GFE Ae7k FOITHE gz} 245 Jund vay g Fol &
Ax & 9&‘/} o] = Cho[l99f5]°ﬂ*1 Zlfif& Zi o Hzhozw Wy gRolth & 5749 FFH]
7 zrol WMFHASF C,& TI7] Hdhd A o] Wt 7T 2Ed Wi AP FaAFY
gk o] FUEUnE dddxtel der N o}, =3 gAY g FHIAEE A
Asta oflstel (Ao AT FHz o Ayl Q5] dxg wHAY AFAHE A



40
o
2z
0x
Oloh
r

Asgch g 289 54 AFue) g v
Aol FHI GRS F& + Juin JHAEA
. D BANRAG 98 FEIARE o
gt} 4842735 AE(prototype)E FF8H7]

= 2

A3l e e TAATE =9,

2

2

T,
oUd ¢

Cr= 1

2
CR — TC_.Df
T

1l
ZPUd[

D,
1 127540
2pU di =2 ©)

Aad vl Zo] &
Froude $(F,= U/N gd )& 7]

40] =A" vl Zo] A&

e 54 Al EH?SHH“

& e, 7}HLBI7+ 73

e 1l

w7t FAESE Fashs
AR A Y Eg

Azke Fig. 59 =A&th 2P ZoA AEL
APARAE ehie) AR AFAA] @

o
<
7

[

.

-

EY

C
T 1 ovar
: R =0360
8
1.00 — ! R =0.400
g
R 0514
C; by theory for R, = 0.36(C = 1.5)
Cy_ by theory for R = 0.400(C = 1.5)
€ by theory forR = 0.514(C = 1.5)
C by theory for R =0, 600(C 1.5)
C by theory forR D7ZD(C 15)

R_=0.600
(3
R_=0.720
B
FitforR_:+0.360
BC
Fitfor R _=0.400
8¢
FitforR_=0.514
5o
Fit for R_=0.600
ge
FitforR_=0.720
8¢

0.20 —

0.00 T ; T l T ‘ T | T
0.00
F=—"

1 g’

Fig. 5 Nondimensional tension distribution  for
non—friction component(1/20 scale model).

Ha

A8} E5E o))tk aHEAA A
AEAHRAE Yehs A4 APA A
A 2xFFE ojg)olty. £} HAAE o

ol FHAF}E Yerdoh olicﬂ 2E E%lfz
ATRE F94W C,p=C,7t BHEHjoF B2
Cr 9 r.C,& Hludte AL wif o7 e

AoltH C,=1.5). 7] A o]&L Agute] 3
Agko g 2&3te 9=8Le azdA &7 )
C% 3 Ml Aol w3 A o]EF
2R71ML Y E ol gt B AFe A
A7l & WA < 9
A B AH(C,= C%/r)e TaHAT 24F
oA B £ gt vk go] FHe] A
Rk ZAE 2v JhE ;e AEsleol
AE 9 2 e A5 Ao

4

5.2 1/10 5

I-G

o 2

* Fig. 69 =A% upe} 27
A 1/20 REAF} FAF
Pzl Axekoz nol A

1/10 4 =2¥2
o] MubEel A

@ g2 nac.

P

LJFE.E‘

R_=0.360
8

R_=0400
8e

R_=0.5i4
g

R_=0.600
g

R =0.720
BC

FitforR_=

8¢

0.360

Fit for R__=0.400
‘e

FitforR_=0.514
8

Fit for R = 0.600
e

Fitfor R_=0.720
8

—115“000%.V

R
T gd”

Fig. 6 Nondimensional tension distribution for the
1/10 scale model.



oo % @ =
FRE Ao 2ot
@ -0
e
c =T R =050
T, I 2 _
2 R _=0.591
5 euat & =,
100 — [ ] R = 0650
@ r-om
s
i ——— FitforR_=0.406
g
- FitforR =0.500
0.80 — ——— FitforR =0.591
e
——— FitforR =0.650
e
B ~—— FitforR_=0.722
a0
0.60 —|

0.40 '/
"
020 | /

0.00 . ] . T T |

0.00 0.20 0.40 0.60
F- U
Y

Fig. 7 Nondimensional tension distribution for the
1/5 scale model.

A AR FAAH wRAZAFE da
F7rl e, guvtRAYe] g% FHI|AE
& AAE ZFHA Y FAAdge gL ¥ 2P
FE Holn AT

U

y

53 1/5 55 2 A3}

Fig. 72 1/5 23] g 4347%E Reju gl
O Adtde=s o WHE BEXE HOlA e

o, MAGHAS C,0 AoiM e GAGHTH A
Fe A9 C,0 2 Aol Yen

o

rr
0z

= a1 = = -
SHEAO 28k AP
T,
C R < Legend example
T Loy
3 @ /5 model(Rye= 0.405) plain circle - 1/20 model
0.80 1/5 model(R = 0.500) circle with cross - 1/10 model
: #8115 modsl(Rge= 0.591) Fill symbol ; 1/5 model

@ 115 modeiRy= 0.650)
@ 115 modelRy= 0.722)

0.60

0.40 Ry 0.750

Ry, 0.700

0.20
R_": L3060
R2(= 0.400
0.00
0.00 0.10 0.20 0.30 0.40 0.50 0.60
F U
= Iz}
" gd

Fig. 8 Estimation of the non-frictional component
f tension obtained by experimental data.

og JdB AAY FEe ¥R AL F,
s RO Aoz HIF 4 gow FAY
3 Weje ofzje} 2k

CRT£=0.425XF,+ 0.883x R, —0.298 (7

AWH 02 Froude 9 779 7o ot
2 Ch 7t Stk AME olgstden, &

ﬁ
wge) Folg A wIsty F4us} 2 =
Y& FHENZ ¥ Aolm, ARHS FA4%
7 A% Aol el el B g S$AH
Pow JPE ol

C/= 7.46124>< R;0‘528113 (8)

Reynolds (R,= Ud/v)7t & %& $AH2

2 o] &% Aol



=S
JT <;| éj! y
G
0.08
(1420 scale model
o 1/10 scale model
L ) 1/5 scale model
—— Fit with the equation ; log(Y)B*log{X)+A
0.06
0.04
0.02
Y =746124°R, 7Y
0.00
0.00E+0 1.00E+S 2.00E+5 3.00E+5 4.00E+5

n

Fig. 9 Distribution of the skin friction coefficient
for the present containment boom.

AR RN FAvFRAG 23 7o 2o
A Se vge e A gol mAWL

Dy _ D
T D,+(T.— D,
Cry U 0 %2
CrrolPdexa + Ch L ottds ©
2
2C,+ C%

D

aEBRE 0.0202< <L <0.0620, &, 2.0%~

6.2%°1 AR ¢SS & 4 Jo. Fig. 102 o]
3 FANEEL HLse A ug FAge
AAGHAE C,o W3 AFYE Kol vt
B AyoMs dAFY FAHd xHe sloenm
2, 2 g nFdxE 2AEEY
C,=3.100=F,+ 1.750 (10)
o] Ao QFH F,=04A A C,=2.9
olmz, EAHoZ AN C,= 1581 o 2

0z
Ofor

- < =
o, IT };H e
Cn
6.00 {3 1720 scate model
(& 1110 scale model
@ /5 scale model
5.00 Best linear fit for upper limit
4.00

C,=3.100%F,+ 1.750

3.00

1.00

000

0.00 0.10 0.20 0.30 . 040 0.50 F 0.60
r

-1.00

-2.00

Fig. 10 Appropriate fit for normal drag force
coefficient applicable to the theoretical
prediction of tension force on the
containment boom.

J-typeel ©i3glt 1/5 &4
119 Z=A)etde), 2 A8
S5ojed FEFAHIH

o
Il

o ] olsE 2 4y e
FAel olgd A/ MTHE o e FE
% 5 Aok A& FAAAE Folrk o ETht
Frdrol 0659 AMANRH n&koR BFE A

o7t A Holus A% melm 9ok

A
J-typeel A$ole 20kef FHAZ 20E Al
2319 AZsAth A5 A=A} L2
A8 P2 A FASIY, LE2Ff Hee &
of Ml&dtA HAre ARG & & Utk ole FH
A dale AZE AT =989 d8 B
AR 94 Aol 7Iddte ez s

SEES

U-typest oH7b2 EWn2AZe] 9@
2 E dol YoAAFe) & TFakgrh o2



4t
q

%
e
Q2
19
2

1.00
l .

Ry~ 0.503(Left)

Ry~ 0.503(Right

Fit for R_=0.503(Left)
o

Fit for R = 0.50XRight)

0.60 —

0.40 —

0.20 —

0.00 . I T 1 . I
0.60

v
T gy”

0.00 0.20 0.40

Fig. 11 Nondimensional tension distribution for
the 1/5 scale model(} type).

ol A FAe Aol vla) o E e M

om, oliz U-typed 165 wdz sHlasle &
o J-typecl A = L oo]ZAae] zolrt EAE
S o = Q) mEkA] )& AMEsE FE A
F(C,=1.5)% Agstodm 2 A/} g&¢
ok 4 St

7. 2% 2 A=

Had Ao g3 2yAyg Axg Ed
gto] Adutel] Aty FHFHE AT T
X?O] /]tli,, /ggo}‘ E} H @ oﬂ 9/]—5—}‘111;] i}%

ub o] B3k AL Frouded FAPHRHE o]
23l £33 F o9, Reynoldss9 HTo
= FAn Ao o FH 74

2 ' 7 e

e Ao B9 o 6% 2T AE 24l
oo AT dFdsed ofspd dubqew A
g5l & WMAFHAFAZE A= oF 29 o]
del @& Abgsheor #E flstlth

1A
/4]
o
s

o
o

J
Pt
0%
2
=]
e
nz
0o
2
-4

N
sy
=2

9 WAAGo) HPoz
g3t 2ol et v
4% Nge St
9 @77} Bastd
9 SEel HAHE
Aeee) A%
FHE "ast

o 4T
oF oy j{g
£ 4o
i

"
Ryl

N

o
i)

G w0
3o
ir
fmt

ot &

o
Y0, O 3 ¢ o

e = ox

-4
i to,

o> koo ol
o

il

i o Jb

2o

9,
&
>,
e
re

o TR FPF “s)
grzg A FIV) A <

(11 724+ <, 2000, “sHFHANE
B a3’ SdasFaTa
99904-2226.

2] AEZ - 544 . 9bgA4 - 3, =3
F287] 6H°‘:°°J XPW" *‘6}19? AsAlg”, g

FEA A =
ATFR A UCM

{31 7\‘34_3* 9], 1995, “at
w2l 9 Ak 77 7H”‘”, 515117]74@%%
4] BSN354-1904 - D.

[4] E& 4 9], “o)FHHe FEF TAALT
27 g=alddtas dFRZA UCE99904-
2196, 1999.

[5]1 Kim, M. H., S. Muralidharm, S. T. Kee, R.
P. Johnson and R. J. Seymour, 1998,
Seakeeping performance of a containment
boom section in random waves and currents,
Ocean Engineering, Vol. 25, pp. 143~172.

[6] Milgram, J. IL, 1971, Forces and motions
ofa flexible floating of
Hydronautics 5, 41 ~51.

[7] Sung, H. G., Cho, I. H. and Choi, H. S,
1995, "The motion characteristics of a 2d
flexible oil boom in regular waves”.

[R] "Test Protocol for the Evaluation of Oil
Spill Containment Booms Final”, Technology
Assessment and Research Branch, Test
Protocol 14-35-30551, 1992. 2.

barrier, Journal



