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Ocean currents are crucial in the behavior of FADs,
and therefore in their design.

We will begin with a look at ocean currents in our region.

Then we will look at the main features of FADs to
propose a design.

Finally, we will use the ‘DCP’ software to model a FAD,
and analyze its behavior.




1. Ocean currents

The ocean currents data are from Mercator Ocean
they are taken from:

Global Ocean Physics Analysis and Forecast updated Daily

2\ Mercator Ocean monitoring and forecasting
Ocean

Ocean Forecasters
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Mercator Ocean is owned by these agencies
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Lon: -62.124938751

16.00s5554027< Time series data for 2013
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Lon: -60.65963723416667, Lat:

16.35574329 Guadeloupe (windward)
Maximum currents in 2013
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Lon: -61.51107804166668, Lat:

14.63912995625 Martinique (downwind)
Maximum currents in 2013
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Lon: -60.505828780833326, Lat:

14.69680774125 Martiniqu"e (windward)
Maximum currents in 2013
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Lon: -61.651153115833324, Lat:
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Lon: -60.69534336250001, Lat:

12.66983074125 The Grenadines (windward)
maximum currents in 2013
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Current speed (m/s)
0.5 1 1.5

—e— Guadeloupe (Downward)

—m— Guadeloupe  (Windward)
—#— Martinique (Downward)
—>¢— Martinique  (Windward)

—#— Grenadines  (Downward)
—e— Grenadines  (Windward)




Currentspeed (mis) = current profiles to be used for analysis

0 . of the behavior of FADs in the region

All downwards areas

depth current speed

(m) (m/s)

surface 1.2

-100 0.9
-300 0.25
bottom 0.1

Martinique and Guadeloupe
(windwards)

depth current speed

(m/s)

surface 0.7

bottom 0.5

The Grenadines (windwards)

depth current speed
(m) (m/s)
surface 1.75
-100 1.25
-300 0.75
-1000 0.25
bottom 0.1




Observations of FADs and the Ifremer software "DCP"
allowed to infer the maximum theoretical currents in the area

1.45 m/s 1m/s 0.65 m/s

flottabilité = 400 litres
Immersion 100 m (;) (;?

Maximum currents in the al/

Inferred from FADs observ/l ons

777
. Calculated currents and Mercator data are quite consistent

// Orin PP
///iamétre =12 mm
///Iongueur d'orin = 2600 m

profondeur = 2000 m
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2.main features of FADs

Main features of FADS are:

A.Buoyancy
B. Weight of anchoring
C.Length and characteristics of the mooring line

A.Buoyancy
It is the capacity of a body to stay afloat (or not)

It’s a force* which must be expressed in Newton .... Let us
simplify !

We will express buoyancy in liters and establish it as the
difference of body volume in dm3 and weight in kg.

Let us remember that a body of one liter of buoyancy can
keep on the surface a load of one kilogram

_ some examples : - *see Archimedes




around 20

ou piece de filet de chalut

ns 25 a 30 litres

Traditional

liters

Orin de téte:
polypropyléne diam 10 ou 12 doublé

Calebasses:
bouéesrigides 10 litres

volume (dm3)ou
(litres)

weight (kg)
buoyancy (dm3)ou
(litres)

Emerillon

4 Emerilon

leslests son reliés par des

2 ou 3 lests métalliques de récupération
de 50 a 100 kg, souvent de vieux moteurs

1 float 3 floats

11
3

pattesd’oies

gainésde tuyaux d’amosage

“merillon
D
=3

Bouée gonflabe de 30 a 50 litres
marquée au nom du canot

Inflatable
1can 6 cans buoy

25 50
3 7

22

Artisanal Fad buoyancy

(litres)




volume (d3) or
(liters)

weight (kg)

buoyancy (dm3) or
(liters)

DOM 1: reinforced rosary FAD

——

-

0 liters

a Flag buoy

11 80
3 50
8 384 30 414

Weight in water of the cable between floats (kg) 9

DOM 1 buoyancy (litres)
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obviously, the greater the buoyancy is , the
better an FAD resists currents

buoyancy Limit currgnt,

|

|

l (itres) indgice) | N the selected area,
: 100 o022 | the FAD becomes

: 300 °” 1 unsinkable for 480
|

|

|
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c
o
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Y
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X
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c

600 1.20 -
liters buoyancy

700 1.

1.65

|
I I I I I I I I
300 400@ 600 700 800 900 1000 ' Bouyancy (liters)

It this is not without consegquence
particularly on the weight of the anchoring




B. Anchoring weight |

ONAL

or block anchoring, without chains or anchors

General rule:
Weight in water of the anchoring must be
130% of the FAD buoyanc



weight in water : Ww

The weight in water of a body is the body weight
decreased by the buoyant force

the buoyant force = body volume (V) multiplied by sea
water density (Dw)

body weight(W) =its volume(V) multiplied by its density
(Dmat)

Therefore Ww= (V*(Dmat))-(V*(Dw))
Ww=V*(Dmat-Dw)

Or Ww= W(1-(Dw/Dmat))




charactenstic s

FA bauyancy (It
anhi m block wm nt 1 wiater [ i am:
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anchanng dlock weight n i concrete density = 21) kg
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C. Length and characteristics of the rope

| The excess length ratio is the ratio of length of the rope
and depth

Ex: 2000 m of rope for

1000 m depth, ratio is 2
Basic rule

When there is no current:

no length of rope should come floating on the surface
no length of rope should come touching the bottom

This rule necessarily implies :

The buoyancy of the lower part of the mooring line is positive
( floating rope)

The buoyancy of the upper part of the mooring line is negative
(sinking roope)

The ratio of excess length should be between 1 and 3

Usuall 1.2 < ratio<2




E3 Microsoft Excel - calcul

{8 Fichier  Ediion  Affichag
ARN=A" REwEN= N
f Aq abl [ [] 4 |7 G |

This spreadsheet calculates the lengths of floating
and sinking ropes of a FAD

. 0 | GlZ|S |E = =55y g € 2 50| iE
en results of calculation H Lo e iz
51 - & PLKMarine
A |B|C|Dep‘h|F|G|H|I|J|K

1 | TS — résultat du calcul
| 2 | PROFONDEUR DE POSE DU DCPNgg)] 1500 < /\ U 0

3 LONGUEUR DORIN [l Rﬂuﬂ@l 2.00 ) e rLtio or rope Iength

4 FROFONDEUR DU HAUT DE LA BOUCLE 300 \ _

5 |CORDAGE FLOTTANT  FOLYFROPYLENE -200

B diamétre {mm};(/ 14N diz z PP et PA -300

7 poids dans air powr 100 m (ko 9 /A sinkin

8 densi 094 o depth of the Joop { 9

9 |CORDAGE COULANT POLYAMIDE caractéristiques des zone de tragage | FOP €

10 diométre (™) 14 cord haracteristics: ] o

11 pouds dans Fair pour 100 m |k 12.8 d . t -600

12 densité N, 1.14 lameger

13 densité de 'eau CAL}:NFIth g 750, Fundd .

- = rordage flottan

14 longueur totale du cordage flottant (m) ity g 800 o daEE ol

14 longueur totale du cordage coulant (m) 2
16 _ -1000
|17 | Renagighez toutes les celliles verte et orange du tableau,
|18 |Les bowtons" longueur donn® et "ratio” bascule dun chobd de dhnnee sur lautre.
| 19 | Dew bowtons de cholx permettent dutiliser les cargoleristiques des cordages ou les diamelres
20 s cordages PP ed@ngths of floating and sinking ropes 1200
|21 | Cliquez sur "nowvelles profondewrs” powr changer ces donnges entre 2 calouls,
|22 | Cliquez sur “longueur dorn” ou "ratio” powr changer ces donnges entre 2 calculs
| 23 |Cliquez nimpoarte ot sur Jz fewille pour valider la dermiere donnge, puis cliquez sur CALCUL 1400 floati ng rope

24
| 25 |"Les diametres disponibles sont 6,8, 710,12, 74, 16.18,20,22, 24,26, 28 30,32, 36 et 40.

26
57 -1600
] aide 7 |

]

W« v n\Feuill / Feulz £ Feuls / <

! Diassin ~ l¢ | Formes automatiques = ™ [ O A 4l % (8] [ | O - ﬁ' é"' = == E a4 J !
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1

PROFOMDELR DE POSE DU DCP {im) 1600
2
LOMNGUELR D'ORIM () 3000
3
DEMEITE DE LEAL 1.025
4
RATIO DE SURLONGUEUR 2

(rapport entre la langueur d'orin et la profandeur)
{usuellement entre 1.3 et 3 pour un )

5

PROFONDEUR DU HAUT DE BOUCLE il 300}
(ans courant)

6

LONGUEUR DE LA BOUCLE () 1500
LOMGUEUR DU BRAS DE BOUCLE (rr) 750
7

CARACTERIETIGUE DES CORDAGES
A CORDAGE FLOTTANT

poids dans l'air pour 100 m (PP de 14 mm) (ka) E

densité 0.94

B. CORDAGE COLLANT

poids dans air pour 100 m (PA de 14 ) (k) 128
densité 1.14
7

FOIDS DAMS LEAU DU METRE DE CORDAGE FLOTTAMT (kg) -0.0031383
FOIDS DANS LEAU DU METRE DE CORDAGE COULANT  (ky) 0.0M1291228

8
REPARTITION DES CORDAGES DANS LE BRAS DE BOUCLE

longueur de cordage flottant dans le bras de boucle (m) 460.044863
longueur de cordage coulant dans |e bras de boucle (m) 289955137
9

LONGUEUR TOTALE DE CORDAGE FLOTTANT {m) 1660

LONGUEUR TOTALE DE CORDAGE COULANT (m) 1340

notations

F

LT

De

Fhb

Lb

PAf
Ot

PAc
D

pf

pc

Lf
L

formules

details of calculations
and formulas

LT-P
(LT-R)12

thanks again to Archimedes

(Paf*(1-(De/DM))/100
(Pac?(1-{De/Dhie) /100

Lb*(pcff-pf+pc)) carona: - Lfpf=Le*pe et LiH+Lc=Lb
Lb*(-plf-pf4pc)) {dans |e bras de boucle, la flottabilité du PP agale le poids dans 'eau du PA)

P-Phb-Lf
Phb+Lb+Le



For the standard FAD, and increasing currents ,the current
corresponding to the total immersion of the float is noted

Operations are repeated for new lenqths of the anchoring rope,

all other FADs parameters remaining unchanged
”ﬂ Ratio 1.5 Ratio 2

Ratio = 1.18

current index

1 ——

»'
si
L
Q2
Q
U .
=
S
7

S
Uns‘mkab‘e FAD

longueur d'orin courant limite .
& The index 1 corresponds to the

(m) (indice) . .
maximum current in the area

in the this area, the
FAD becomes
unsinkable for a
length of rope of
1450 m

1200

|
600 1800 2000 2200 2400 2600 2800 30 Lenght of rope (in meters )

Overvew of the Influence of the lengh of the mooring line

with modeling software "DCP"




For the standard FAD, and increasing currents ,the current
corresponding to the total immersion of the float is noted.
Operations are repeated for new diameters of the anchoring rope,

161 Overvew of the Influence of diameter of the mooring line
with modeling software "DCP"
\

1.4~ Unsl
nkabl
eF,

§ A
=
< :
= . : : ) _
2. 12 e | Sinkapg FApg in this area, the FAD
&) 14 1.20 | : StayS unsinkable for

0.6- ;Z 1(1)2 rope diametre up to

' 22 mm

0.4+ 30 0.91

0.2+

10 12 14 16 18 20 22 24 26 28 rope diameter (in millimeters)



A practical example of a FAD design and analysis
of its behavior with the Ifremer ‘DCP’ software

i

yf-:':ﬂ‘,‘ﬁ{f . s
P L
the geo localized ESPACE SUD 2 FAD

>

located in the Atlantic at 20nm east of Martinique coast

depth: 2100 m

buoyancy 600 liters



E3 Microsoft Excel - calcul des longueurs d'orin (version 5)1.xls

E@_)lﬁichier
HRNE=A" RENE NI NNl N NN R A

Edition  Affichage Inserkion Format  Qutils

Données

Fenétre 7

c@e = ol il M) - o

idaabl) [ o G BB RS S e 2]
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: Arial » 10 =G § |E = = |53 % o € i o
i51 - & PLKMarine
A | B | C | D | | fF & | H [ 1 [
1 L ndeurs résultat du calcul
2 PROFONDEUR DE POSE DU DGR | 2100 09 0
3 LOMSUELR D'ORIN fm) ol 175 >
4 FROFONDELR DU HAUT DE LA BOUCLE || 350
5 -350
6 |CORDAGE FLOTTANT g— diamétres PP et PA, A
7 polds dans Lalr powr 100 m (kg / gl N -son
g densitd 0.94 nll
9 caractéristiques des
10 |CORDAGE COULANT cordages
11 poids dans lair pour 100 m (kg 20 1000
12 densité 25 ) V1 0870
13 densité de l'eau : % BLElE: Fon
14 longueur totale du cordage flottant (m)/r 2487 CALCUL E :EE:S
15 longueur totale du cordage coulant (m)k 1188 Fone de arehicus ;
16 “—‘
E Fensainnar utas les callblas varte af nranna o tahiaan I
18 | Les "
e [n our spreadsheet, depth, loop depth , ratio and features
21 |
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ﬁ G"’” - - 1 J -
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26 | "
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Anchoring line design

400 m of mixte cable(steel/PP)diameter 16 mm density 2.5

’ 600 litres

500 m PP rope diameter 14 mm density 0.94 /=
= "i, >

oy
- 5, .

250 m leaden rope diameter 14 mm density 2.5 &
2500 m PP rope diameter 14 mm density 0.94 m

Floating=2500 m
Total length=3650 m

Depth=2100 m Ratio=1.75



#4 Dep - [geoloc 1.dcp]
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We can now model the entire FAD in the software

and use it:

to see if the FAD withstands the strongest currents
in the area

to evaluate a safety factor

to know the radius of its watch circle

to control its behavior when there is no current
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Maximum current profile in the area
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Behavior in the maximum current speed in the area




Maximum current *1.7
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The safety factor is lmportant for thls FAD : 1.7

in particular through the used ratio (1.75)
The watch circle radlus is very large (2900 m) but it IS a geo Ioc!allzed FAL
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Radius of watch circle: 2900 m
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By further increasing the current, The FAD immerses deeper !

not normally possible!
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Zero current

Depth of the loop: 350 m
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noguelur totale des &léwments

ids total des éléments
1luine total des éléwments

ids total des noeuds likres

lue total des noeuds
ottabilité totale
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ids apparent total

e

¥ Z

0.aoo -g822.412 z
0.aoo -B78.637 3
0.aoo -336.206 4

noeuds extrémités N° du t

L Lo

cul d'équilibre statigque
Coordonhées exprimées en

X T
. 000 0.aoo
. 573 0.aoo
. 713 0.aoo
1 0.aoo
L3985 0.aoo

3650.000 m
Te0.5831 kg
0.593 m3
200.000 kg
0.502 m3
14014.940 N
9e0.5831 kg

The software provides all the
e et calculation results as a text file

including the efforts and

_tensions in the ropes, which is
used to evaluate the safety

factors in relation to the
breaking loads of ropes
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