Shyue-Geng Liau and Chia-Lin Lee
Department of Marine Fisheries, Taiwan Fisheries

Research Institute, Keelung 202, Taiwan.
(Accepted 25 November 2000)

)ogrno[ o

TERI

TAIWAN

< 1993
'4"7« R‘"j

A Mechanical Analysis of Mooring Lines on the Deployed Fish Aggregating
Devices off Lutao

Abstract

The main purpose of this study was to realize the drag force on the anchor and the tension of

the mooring lines against the Kuroshio current with its velocity of 2.8 knots. Based on the static

analysis of the mooring lines on deployed fish aggregating devices (FADs) at the depth of 440

meters with velocity of 2.8 knots of the Kuroshio current, the drag force on the device is 2,200 Ib.

With the angle of the mooring line against the horizontal at 30°, the tension of the anchor and of

the device were 2,600 Ib and 4,470 Ib, respectively. Therefore, the drag force of the

polypropylene synthetic ropes was calculated as 5,571 Ib (2.35 tons) which is much lower than

the breaking strength 78.93 tons of the rope. The drifting of the device may be attributed to the

broken-end of the polypropylene rope with a very smooth incision, which might have been cut

by a sharp axe.
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The waters off Lutao is one the most important
commercial demersal and pelagic fishing grounds
adjacent to the eastern part of Taiwan. The Kuroshio
current, with its sub-surface layer, brings much of the
nutrients, therefore, greater production is expected
within the study area.

Extension of the national economic exclusive zone
to 200 miles may adversely affect the viability of our
deep sea fleet unless new fishing grounds can be
found™. Thus, the use of an improved fishing gear,
such as giant concrete solid, bamboo raft or sunken
vessel as artificial reefs or the FADs is becoming
more important lure all kinds of fishes in coastal
waters nowadays. FADs provide small fish habitats in
the continental shelf, and helps to strengthen the
evaluation and management of marine fishery
resources.
there are only

Unfortunately, few papers

Liay, S. G. and C. L. Lee (2000) A mechanical analysis of mooring
lines on the deployed fish aggregating devices off Lutao. J. Taiwan
Fish. Res., 8(1&2): 1-8.

concerned about the deployed FADs in Taiwan®?,

therefore, little is known especially regarding the
dynamics of the mooring line. In Japan, experiments
have been conducted to analyze the FAD’s materials
and mooring .

The mooring line is defined as the flexible
mechanical component that connect and attach
FADs structure to its anchoring points®. Mooring line
usually get damaged or broken due to unknown
factors and the connected body device drifts away
along with the local current. Maximum tension
obtained just before bottoming, if targe enough, will
sink the device. Considerable tangling is always
present in a failed mooring, even breaking the
mooring line that may cause the valuable equipment
to be lost forever. Therefore, the main purpose of this
study was to analyze the static stresses of the
mooring lines and the tension and the drag at the
anchor of the FADs off Lutao.
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Materials and Methods

The deployed FADs (Fig. 1), used in this study
called Sea Farming Type II® (Fig. 2), was cast at 22°
392 N, 121°31".8 E on 8 May 1998 (Fig. 3). The
word “device” is often loosely used to describe both
the float, anchoring line, and the device system can
be divided into moored and free drifting systems,
cast in the waters off Lutao with 3 ton weight
of Danforth anchor and a 1.8 m® cubic concrete
clump to decrease the fluke angle. It was settled by

a set of mooring system which consisted of a 27.5 m
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Fig. 1.

Aggregators

length with its diameter of $=38 mm chain attached
to the clump, a 375 m length with ¢ =90 mm
polypropylene rope, a 350 m length with ¢=285 mm
acorn rope, and a 27.5 m length with ¢=38 mm
attached to the

considered for the study of mooring lines immersed

chain devices. The forces
in steady-state currents were gravity forces, fluid
drag and line tension in a constant current situation.
We also considered the devices with very simple
configuration, one float, one line, one anchor, and
some ancillary equipment. The elasticity of the

mooring line was not considered.
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The structure of the deployed fish aggregating devices used in this study.



Fig. 2.  Side view of the deployed fish aggregating device cast in the waters off Lutao.

Chengkung

121° 121°307 122°

Fig. 3. Diagram shows the locations of the fish aggregating devices cast and settled in
the waters off Lutao.
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Equations of static equilibrium

The static forces on a cable element of length are
shown in figure 4. Under static equilibrium®, the
vector sum of forces must zero. Consider a short
mooring line made of heavy material with a drag
force applied at the device end only. In this case, the
gravity force is predominant and the resistance terms
of the cable equilibrium equation can be neglected.
Therefore,

dT  =tan ¢, integrating from ¢ =0, ¢ = 4, yields
=

T
|n——=jgjj tangd¢ = Insec ¢

To
Tu= Tcosg=To=constant - - - (1)
Todg
- T - d
co s’y pas
Totang=ps Tv=Tsindg=ps
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dT: Change of tension over cable element length (ds)
Dds: Normal pressure drag on cable element
Fds: Tangential friction drag on cable element
Pds: Gravity force per length (ds)
¢: Angle with flow direction (V)
d¢: Change in angle ¢ over cable element length
ds: Length of cable element
F: Normal drag force on cable element
V: Flow velocity

T: Tension

Td¢=(D+pcosp)ds=(Rsin? p+pcosp)ds - - - (6)
P>>DorP>>F>

Expressions (6} and (7) are therefore reduced to
dT= (psing—F) ds- - - (7)

Tdo=pcosdds >
And
dT=psin¢gds
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Fig. 4.  Profile of the dynamics and static of deployed

fish aggregating device®.

Results and Discussion

The drag force on the devices was estimated about
1 ton (2,200 Ib) on the surface were the Kuroshio
2.8 knots.
polypropylene rope with diameter 90 mm as a

current velocity at if we used
mooring line and a chain with $=38mm, and its
angle of the mooring line with the horizontal at 30°,
then the tension at the anchor and at the device were
estimated as 2,600 |b and 4,470 Ib, respectively®
(Fig. 5).
polypropylene synthetic ropes was calculated as
5,571 Ib (2.35 tons) which is much lower then the

breaking strength of the rope 78.93 tons” (Table 1).

Therefore, the drag force of the
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Fig. 5. Forces on cable element; T: tension; dT: change of tension over cable element length;
Dds: normal pressure drag on cable element; Fds: tangential friction drag on cable element; Pds:
gravity force per length (ds); ¢ angle with flow direction; V: flow velosity; d¢ : change in
angle ¢ over cable element length; and ds: length of cable element.

Table 1. Specifications of synthetic Polypropylene ropes (after Taito Seiko Co., Ltd.).

Polypropylene
Dia. (mm) Multifilament Monofilament
‘;Z;'/i’:)t Strength (ton) ~ Weight (kg/m) Strength (ton)
10 9.9 1.40 9.9 1.30
20 39.0 5.07 39.5 4.76
30 87.5 10.74 88.5 10.13
40 156.0 18.28 158.0 16.47
50 243.0 27.76 248.0 26.35
60 349.0 38.65 356.0 37.21
70 476.0 51.43 485.0 49.41
80 621.0 65.89 634.0 63.44
90 730.8 81.87 770.0 78.93

100 905.0 99.58 955.0 96.01
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The depth of casting devices near Green Island is
440 m, and based on the results of the equation (6)
calculated, the theoretical length of the mooring line
needed is 504 m. For more safety of the devices
used the
polypropylene rope up to 725 m, and the tension of
the anchor was 4,470 kg. Based on the chain with a

against the current, we length  of

diameter of 38mm, the estimated broken force was

over 40 tons. Furthermore, the device did not drift
away or changed its position even after several
typhoons went through. Unfortunately, one of them
drifted away and was found at coast waters of
Okinawa, Japan in 1999. We inspected the lost
device and found a very smooth incision, which
seemed cut by a sharp knife or axe on the

broken-end of the polypropylene rope (Fig. 6).

Fig. 6.

The reasons that caused the devices to drift away
may be summarized as the followings: (1) the rope
was abraded by the rock in a long-term period, (2)
the rope was cut with a sharp knife or axe, (3) surface
motion may have induced repeated bending and
torsion stresses in points of attachment of the
mooring line as well as longitudinal cyclic tension
stresses in the line itself, and (4) the steel wire or
chain was corroded by galvanic, but its rate of
corrosion is difficult to predict. In normal conditions,

the corrosion rate of iron chain under sea water is 1.0

The polypropylene rope at the broken-end with a very smooth incision seemed
cut by a sharp axe.

mm per year, and sometimes even up to 2-3 mm per
year under an unusual circumstances”. Therefore,
the chain 38mm in diameter in this study could not
have been eroded by saltwater just in one vyear.
Therefore, we may conclude that the rope was cut
with a sharp knife.

Both static stresses, the tension at the anchor and
at the device, the type and size of mooring line
components, and large resonance related
displacements effect can be very damaging for the

mooring line.
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