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ABSTRACT. Anchoring systems of offshore platforms are designed to work uninterruptedly for 20 to
30 years, and despite the increasing number of studies concerning these systems’ mechanical behavior
in working conditions, most of them are conducted in speeding environments, due to the necessity of
results in the short term. There are standardized stiffness tests, such as ISO 18692, based on quantities
like Dynamic Stiffness and Quasi-static Stiffness, through which one can compare, quantitatively, two
different ropes. However, there is a lack of research aiming to assess the change in the mechanical
behavior of these ropes after certain number of consecutive loading cycles (or stiffness tests). This
study aims to assess, at the yarn level, the change in the quasi-static and dynamic stiffness parameters
of two materials when submitted to repeated stiffness tests. Results in terms of qualitative assessment
of the mechanical behavior, as well as quantitative changes in the parameters are presented.
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1. INTRODUCTION

Mooring lines used as anchoring systems of oil plat-
forms must be designed to work uninterruptedly over
more than 20 years, which means that, from a mechan-
ical design point of view, their material’s mechanical
behaviour must be well known (or, at least, accurately
predictable) at each moment over the system’s life
span. In the case of steel wire cables, for quite a long
time that was not a major concern of engineers, since
the mechanical behaviour of such metallic materials
tends not to suffer considering changes in that amount
of time.

However, over the course of the last couple of
decades, new oil fields have been discovered in ultra-
deepwater (5000 m to 7000 m water depth), what has
led the oil companies to use light-weight materials
as mooring lines of their platforms’ anchoring sys-
tem [I]. Initially, polyester (PET) was considered the
most suitable material for such applications [I], espe-
cially due to its low cost and its reliability in terms of
small changes in the mechanical behaviour over time
(very low creep rate, for instance). One of the main
disadvantages of PET, however, is that it tends to
show considerable elongation (aprox. 20 % in rupture)
in tension, what might present a problem for long
mooring lines in terms of station-keeping [T, [2].

Aiming to find a more suitable option for these sys-
tems, the oil companies are testing several other syn-
thetic materials, such as aramid, polyamide, high mod-
ulus polyethylene (HMPE), liquid crystal polyethylene,
etc. All of those show a considerable lower elongation
in comparison to PET [3, 4], but sometimes the price
to be paid is a significant increase of their creep rate,

or even higher production costs [5] 6]. High modulus
polyethylene, for example, has the advantage to have
a lower-than-water density [2], which means that it
does not add weight to the platform when installed.

There are some standardized stiffness tests, such
as ISO 18692:2013 [7], based on quantities such as
Static Stiffness, Dynamic Stiffness (DS) and Quasi-
static Stiffness (QSS), through which one can compare,
quantitatively, the mechanical behavior of two differ-
ent ropes after some pre-defined tension/creep loads.
However, there is a lack of research aiming to assess
the change in the mechanical behavior of these ma-
terials after a certain number of consecutive loading
cycles (or stiffness tests). The present study aims to
promote a preliminary assessment, at the yarn level,
of the change in the quasi-static and dynamic stiff-
ness parameters of these materials when submitted to
repeated stiffness tests. Yarns of two different HMPE
were submitted to a series of four consecutive stiff-
ness experiments, with a period of ten hours between
tests to promote possible relaxation of the samples in
controlled environment.

2. QUASI-STATIC STIFFNESS AND
DYNAMIC STIFFNESS

The industry, both oil companies and rope makers,
make use of [7] to measure QSS and DS of their prod-
ucts in order to compare the stiffness of different
materials or different rope configurations.

2.1. QUASI-STATIC STIFFNESS

According to the standard, the QSS consists in "the
static stiffness, which is reduced to account for the
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FIGURE 1. Test routine according to ISO 18692:2013 [1].

rope creep under an environmental event'. During its
life in service, a mooring rope is submitted not only to
dynamic loadings, but also to constant loads at mod-
erate to high intensity. Therefore, one must consider
the creep behavior of these systems when designing
an anchoring system, as well as the influence that this
kind of loading has over the mechanical behavior of
the rope. The quasi-static stiffness attempts to evalu-
ate the loss in stiffness of the rope due to these creep
regimes to which it is submitted during its lifetime.

2.2. DYNAMIC STIFFNESS

The definition of DS follows as "the ratio of change in
load to change in strain in a rope under cyclic loading".
It is a quite straighforward definition, since instead of
the classic stiffness which is measured during quasi-
static tension tests, it is obtained at the hundredth
load cycle, as depicted in Figure [I]

3. MATERIALS AND METHODS

For a specific rope, subrope, strand, or yarn, the test
routine depicted in Figure [T] together with Equation
are used to calculate QSS and DS.

Fy — Fx
Y BL
SS, DS = 2= 1
Q YBL_ 0
Lo+ Ly

The test routine (TR) showed in Figure [1| was per-
formed four consecutive times (TR#1, TR#2, TR#3
and TR+#4) for each sample and for each type of
HMPE (HMPE#1 and HMPE#2), with an interval
of 10 hours between experiments. At the end of each
routine, the Quasi-static (QSS#1, QSS#2, QSS#3,
Total QSS) and the Dynamic Stiffness (DS#1, DS#2,
DS+#3) were calculated.

The yarn samples were 500 mm long and were at-
tached to the clamps of the machine using sandwich
type endings. Figure [2] shows one of the samples. All
the tests have been run at room temperature of 20 +
2°C and 65 + 4% of air relative humidity.

The tests were performed on an Instron 8801 ser-
vohydraullic fatigue testing machine using a 10kN
Dynacell load cell.
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FIGURE 2. Typical yarns sample with sandwich type
endings.

4. RESULTS

Figures and Tables resume the results ob-
tained for the evolution of QSS and DS of the two
types of HMPE over each test routine.
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FIGURE 3. Evolution of QSS over each TR for
HMPE#1.
QSS#1  QSS#2 QSS#3 Total QSS

TR#1 18,9 33,2 32,4 15,7
TR#2 19,8 30,1 34,0 17,1
TR#3 18,7 33,9 34,6 17,3
TR#4 17,8 30,0 31,7 15,6

TABLE 1. Results for QSS: HMPE#1.

5. CONLCUSIONS

It can be seen that both quasi-static and dynamic stiff-
ness of both materials show, in general, a stabilizing
tendency along calculations #1, #2 and #3. The first
stiffness (QSS#1 and DS#1) is always the lowest one,
followed by a considerable increase at moment #2
(QSS#2 and DS#2) and, finally, a smaller increase
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DS#1 DS#2 DS#3
TR#1 581 595 60,3
TR#2 57,3 584 59,0
TR#3 574 60,0 592
TR#4 57,0 60,1 59,6

TABLE 2. Results for DS: HMPE#1.
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FiGURE 5. Evolution of QSS over each TR for
HMPE#2.

QSS#1  QSS#2 QSS#3  Total QSS

TR#1 18,4 30,9 32,4 16,4
TR#2 19,4 31,7 34,7 20,0
TR#3 19,9 31,3 32,2 18,1
TR#4 19,2 32,2 33,3 19,0

TABLE 3. Results for QSS: HMPE#2.

Ds

/ —TRal
56 — T2
// TR#3
'_,,_—"‘

—TR=4

52

50
DS#1 Ds#2 DS#3

FIGURE 6. Evolution of DS over each TR for HMPE#2.

up to calculation #3 (QSS#3 and DS#3). In other
words, the more you cycle these materials, the more
stiff they get, until they reach what appears to be a
limiting stiffness.

DS#1 DS#2 DS#3
TR#1 544 574 575
TR#2 540 555 56,9
TR#3 526 57,1 57,0
TR#4 54,3 571 577

TABLE 4. Results for DS: HMPE#2.

In terms of the quasi-static stiffness, the Total QSS
(dashed lines in Figures tends to be similar to
QSS+#1, leading to the conclusion that both can be
used for a conservative approach.

Comparing results between TR#1, TR#2, TR#3
and TR#4, there is no evidence, so far, that the
consecutive loading of the same specimen leads to
a trending change of these stiffness properties for
HMPE. Perhaps, if the routines were repeated a few
more times, we could see a drop in QSS and DS,
what would mean that the material is becoming less
stiff with time, what could be a problem in terms of
designing a mooring line.

LiST OF SYMBOLS

F  Force [N]

YBL Yarn Break Load [N]
L Elongation [m]
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