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ABSTRACT

Studies of failures of mooring systems in
Hurricanes Gloria (1987) and Bob (1992)
made it painfully obvious that very little is
known about the forces on a mooring caused
by a sailboat subjected to wind and waves.
Almost no quantitative data exist. Our
studies have led us to some hypotheses and
questions which we are addressing by a
program of field measurements and
laboratory tests. Failure of rodes at or near a
chock in roughly half the damaged boats
suggested internal and external abrasion is
important. After Hurricane Gloria, we
recommended polyester over nylon, because
of the superior abrasion resistance of (wet)
polyester (see the companion paper (2] ).
Because this recommendation was
controversial and because many practitioners
felt the compliance of nylon was a necessary
element of a mooring system, we had
DeSimone carry out additional comparisons
between abrasion resistance of nylon and
polyester. Also, DeSimone suggested joining
nylon and polyester so that existing nylon
rodes could be used with an extension of
polyester passing from just out board of the
chock to the cleat. Doelling proposed a
method of joining nylon and polyester which
DeCouto has been testing to assure it is as
strong in tension as the nylon component
while also having superior abrasion
resistance. Experimental data on the issues
above will be presented.

The advent of new anchoring systems means
we cannot continue to use old rules of thumb

that have been developed for sizing a
mushroom or concrete block to hold a boat of
a certain size. We (Zala and Doelling)
therefore have developed a system for
measuring actual forces on a mooring caused
by a sailboat while simultaneously measuring
some significant environmental variables.
Preliminary data give good insights into the
range of forces involved and the system
dynamics. A brief experiment with a very
old idea, the riding sail, suggests it is a very
effective way to reduce forces on a mooring
rode.

The measurement system, its software, and
typical results are presented.

INTRODUCTION

Following Hurricane Bob, one of the authors
(Doelling) wrote a letter to a boat yard
operator [1] with some recommendations
concerning ways to reduce damage in future
hurricanes. This letter became broadly
disseminated. In the letter, we recommended
using polyester instead of nylon for rodes
because of polyester's superior abrasion
resistance when wet (surely its condition in
major storms). We have retested that
hypothesis and still feel it is appropriate [2,
3]. Since many persons objected to losing the
compliance of the nylon, we designed and
tested a simple method of joining an
(existing) nylon rode with a short polyester
line, so that one could enjoy the compliance
of a nylon rode and the abrasion resistance of
polyester at the chock. In addition we found
almost no useful, quantitative, measured data



concerning the magnitude of forces during a
storm and no insightful analyses of motions
of a boat at a mooring. We therefore
undertook development of an automated
system to measure the forces and motion.

ABRASION TESTS

DeSimone {3] provides a very good summary
of the issues involved in failures of 3-strand
lines subject to alternating stresses, reviews
important relevant literature, and provides a
very useful, qualitative discussion of boat
motions, mooring systems, and chocks. We
summarize his tests and the results here.

The test apparatus and forces were selected
to test the lines at realistic loads, but subject
to the constraint that the tests had to be
completed in a reasonable amount of time.
About 120 hours were devoted to sample
preparation time and about 150 hours of
testing time on an Instron servo-hydraulic
testing machine. Tests encompassed 3-
strand, 1/2 inch ropes from two different
manufacturers: continuous filament nylon
rope from Wall Ropes and New England
Ropes, and polyester ropes, both continuous
filament and “staple" fiber rope, from New
England Ropes.

The abrasion device is designed to keep the
load on the Instron grips vertical while
presenting a stationary abrasive radius to the
rope samples. A view of the abrasion device
from the side and front of the Instron
machine is shown in Fig. 1. The 1" diameter
pins at 1 and 3 are polished copper, and the
bar at 2 is copper that has been "scored”
lightly. The abrading pins are rough enough
so that the tests end in a reasonable time, but
not so rough that the samples failed before
100 cycles at medium load.
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Figure 1. Abrasion device

Initial determination of the abrasiveness of
the scoring on pin 2 was highly experimental.
First the pin was knurled lightly, and when a
representative sample failed too soon, the
knurl was filed down on the lathe, and the
test repeated. After several cycles the "knurl”
looked more like a light score from a razor
blade, forming a criss-crossing helix pattern.
This condition created an abrasive
environment that caused failure in a
medium-loaded, average sample in under
750 cycles.

The objective of these tests was to determine
the relative abrasion resistance of 4 different
ropes in simulated hurricane conditions.
Tests were conducted by specifying an input
load on the Instron machine and noting the
number of cycles to a failure of a single
strand. Tests results are shown in Fig. 2.

To appear as a point on this graph at least 5
tests have been conducted per rope, per load
level. A statistical mean and standard
deviation were calculated to determine
whether more tests were required per point.
The spread of the data per point (the
standard deviation) scaled upwards as a
function of increasing load, remaining a
constant percentage of the mean load.
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Figure 2. Results of abrasion resistance tests
on 4 different ropes

For the polyester ropes, there seemed to be
some threshold under which very little, if
any, abrasion took place. For example, for
the "spun” polyester ropes, 1,000 pound tests
were stopped at 1,000 and 10,000 cycles, and
the ropes compared. No significant abrasion
could be seen. The filament polyester
showed even better resistance to low load
abrasion.  DeSimone concludes, "An
arrangement which could prove very
beneficial would be a larger nylon mooring
line that is spliced into 2 smaller polyester
lines equipped with chafing gear. The energy
absorption and stretch of the nylon,
combined with the abrasion resistance of the
polyester and the neoprene, combine to form
a mooring arrangement that would be tough
to break, in the worst conditions.”

TESTS OF JOINED NYLON AND
POLYESTER LINES

DeSimone's ideas of joining nylon and
polyester lines to combine the compliance of

nylon in the mooring system with the
abrasion resistance of a polyester line and the
smaller motion in the chock and on deck
seems to be an excellent one, but the idea of
splicing two polyester lines into a nylon one
seemed undesirable. Instead we propose
adding a short polyester line with an eye
splice at one end to connect to a nylon eye on
a mooring pennant. We connect them
together as shown in Fig. 3. The polyester
line is passed through the chock and to the
cleat of the vessel to be moored.

The resulting system will have slightly more
compliance than the original mooring system
and would have the superior abrasion
resistance to guard against failure at the
chock.

- Figure 3. Eye-to-eye joint

Thus we combine the advantages of both
kinds of line. A bridle could be made by
using two polyester lines in the nylon eye,
but we did not test such a configuration.

We did test to see if the eye-to-eye joint
weakened the system. Testing was extremely
difficult, primarily because it was difficult to
control the system at very high strain levels
and because the eye-to-eye splice proved to
be very strong indeed.


















