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ABSTRACT

The design and accomplishment of the systems used in the marine field (targets with
direct sight, radar targets, floating units) require the analysis of the hydrometeo-
rological conditions characteristic of the open areas of the marine shore areas of the
coast, respectively: H wave = 6-8 m; L wave = 25-30 m with trochoidal waves (multi-
directional and multi-component waves), V current = 1.5 m/s, as well as the nature
of the substrate (sandy areas). For the digital design and loading of the patterns of
the Naval Rapid Intervention Unit, the Optitex Pattern Making software was used.
With the help of the modules included in the program, the changes made on the
patterns were additionally transferred to the virtual model that provided: visualization
of modules created as 2D patterns in virtual 3D mode; analysis of how changes made
to 3D models affect 2D patterns; direct transition from concept to virtual 3D model
with all aspects related to the fully defined product (material properties and their
behavior). The equipment was tested and analysed based on the physical-mechanical
performance level, and the main statistical parameters were determined as essential
elements for the optimization of the proposed technological solution.
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INTRODUCTION

The development of international trade through maritime transport naturally
led to an increase in the number of accidents resulting from oil spills, a
situation in which different types of oil fractions, including alkanes and
asphaltenes, are quickly spread by waves, tidal currents and wind, on
extensive surfaces, causing major damage to marine ecosystems, the economy
and human health (Choe et al., 2021; Dave et al., 2011).

Spilled oil represents an extremely valuable raw material resource, which,
through efficient processing, can be reintroduced into the economic value
chain. In this context, the oil fractions can be collected by various means and
transported from the spill site to specially arranged areas for the purpose of
applying specific treatments for reprocessing (Yaw et al., 2021; Gerring et al.,
2022).

Currently, skimmers and sorbents are frequently used to remove spilled oil
(Chen et al., 2020; Gerring et al., 2022).
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The usage of the mechanical methods for removing oil spills in the marine
environment involves the completion of two main stages, namely isolation
and recovery for the purpose of post-processing. Figure 1a highlights the
diagram related to the management of oil waste and figure 1b the response
method of the maritime authorities in case of naval accidents resulting in oil
spills/leaks (Choe et al., 2021).
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Figure 1: a. Oil waste management principle scheme; b. Management of the response
in case of oil spills.

For isolation, physical barriers are used to limit the spread of oil on
the water surface. Thus, favourable conditions are created both for the
oil recovery and for the habitats and shores adjacent to the isolated area
protection (Gaf-Deac et al., 2015).

The most common types of barriers are in the form of floating dams. The
removal of spilled oil in aquatic environments can be performed through:
i) mechanical isolation, by hydrodynamic processes, recovery and transport;
ii) use of chemical dispersants; iii) “in situ” combustion (Cao et al., 2022;
Vijayaraghavan et al., 2021).

In the context of global concerns in the field of environmental protection
and for limitation of the effects of maritime disasters, the paper presents
the results of research focused on the design and development of a rapid
intervention unit, made of composite materials - based textiles for the storage,
recovery and transport of oil fractions resulting from oil spills.

MATERIALS AND METHODS

The design and development of the modules from composite structures, as
components of the naval unit for rapid intervention (UNIR) in case of marine
disasters (e.g., oil spill) were carried out according to:

- the hydrometeorological conditions specific to the coast open areas,
respectively: Hwave = 6-8 m,; Lwave = 25-30 m, wave type: trochoidal with
multi-directional and multi-component Gerstner waves; Vwind = min. 1.5
m/s; sandy areal type substrate (Gaf-Deac et al., 2015; Handren et al., 2008);

- the values of the loading coefficients established according to: i)
the possibility of the failure of a component element that can generate
the destruction of the entire structure (safety coefficient, Cs = 1.65); ii)
the specific effects of the dynamic application of the loads in the interval
[1.3; 1.6] - dynamic loading coefficient Cd = 1.5; iii) the symmetry of
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the force distribution regardless the level of the section perpendicular to
the axis of symmetry (asymmetric loading coefficient Ca = 1.6); iv) the
need to ensure the safety operation of the entire system (ultimate loading
coefficient Ci = Cs-Cd-Ca = 4.00); v) the breaking resistance should be
equal to that of the component element with the lowest resistance (coefficient
of loss of resistance in joints Cr = 1.8); vi) the aggressive action of the
marine environment against the composite material from the structure of
the floating systems and the existence of the possibility of the abrasion
of the storage tank by the sandy soil once it is located in the area of the
treatment stations (coefficient of loss of resistance due to abrasion Cf =1);
vii) the multiple uses of the system of blocking and capturing oil fractions
(coefficient of loss of resistance due to fatigue Co = 1.0); viii) aggressions
generated by solar radiation and sea water on composite structures (strength
loss coefficient due to environmental factors Cm = 0.85). Thus, the total
strength loss coefficient will be Cp = Cr-Cf-Co-Cm = 1.53, and the ultimate
load coefficient CU = Ci/Cp = 2.61.

Starting from these assumptions, the Optitex Pattern Making - PDS (EFI
Optitex) software was used for the digital design and avatar loading of the
patterns of the UNIR demonstrative model. Figure 3 evidences the changes
based on the modules included in the program on the patterns that were
transferred to the virtual model.

Additionally, with the help of specialized software, the modules created
as 2D patterns were visualized in virtual 3D mode; the analysis of how the
changes made to the 3D models affect the 2D patterns was carried out and
the direct transition from the concept to the virtual 3D model with all aspects
related to the fully defined product (material properties and their behavior)
was ensured.

The workflow for taking over the 2D models and transforming them into
3D samples is presented in Figure 2.
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Figure 2: Workflow for transformation of the 2D models into 3D samples.
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Figure 3: 3D simulation and verification of the architecture of the UNIR demonstration
model. Visualisation of the modules created as 2D patterns in virtual 3D mode.

The main characteristics of the components and subassemblies of the naval
unit for rapid intervention are: total length: 2650 mm; shape/dimensions
fine prow - cone trunk / height: 400 mm; DBxDb = 600 x 200 mm;
stern shape/dimensions (immersed vertical structure) - cone trunk/height:
400 mm, DBxDb = 600 x 200 mm; shape/dimension of the central vertical
structure (point 1) - right circular cylinder/G = 1800 mm; D = 600
mm; shape/dimensions of floating structures (3 pcs) (part 2) -right circular
cylinder/G = 1200 mm; D = 150 mm; green colour; anchor eyelet — strap:
25 — 800; handle band: 25 — 600; inner material (core) float system -
polystyrene of min. 50 mm, 15 kg/m3.

The physical and mechanical characteristics of the composite materials
used to create the Naval Rapid Intervention Unit are presented in Table 1.

Table 1. Physical-mechanical characteristics of the composite materials.

Characteristics - MC1 MC2

Composite Materials (Floating Structures and the  (Fine Prow and Stern
Central Vertical Structure) Vertically Immersed)

Composition 100% PES 100% PES

Mass, g/sqm, min 850 1800

Breaking resistance, 2100/2100 4400/3300

warp/weft, daN, min

Breaking elongation, 28/30 16/24

warp/weft, max.%

Tear resistance, trouser 230/132 450/300

test, warp/weft, N

Tear resistance, fin test, 140/105 350/250

warp/weft, N

RESULTS AND DISCUSIONS

Within the experimental program, the panels doubled and joined with
five types of stitches, based on the composite textile structure with the
characteristics presented in the Table 1, were tested and assessed in terms
of the physical-mechanical performance level.
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The database containing the values resulted from the
physical-mechanical ~ determinations based on the experimental
plan involving the panel variants and subassemblies was
created  and  the  following  statistical  parameters  were
calculated:

. the dispersion of the data around the central value of the mean;

. mean and median - the parameters that define the central tendencies;

. skewness and kurtosis indicators, as appropriate;;

. correlation coefficients for the basic woven textile structures subjected to
testing.

In addition, the histograms, normal distribution curves and Box Plot
graphs were generated and analysed.

The values obtained for the maximum strength, strip test (N) — FR
(weft/warp) (N); elongation at maximum force, strip test (%) - AR (%);
tearing strength, fin type specimen (N) — Fsa (weft/warp) (N); tear strength,
trouser type specimen (N) - FSp (weft/warp) (N) of the panels doubled
and joined with two different stitches types are presented in Table 2 and
Table 3

In the figure4 are highlighted the generated histograms
and the BoxPlots graphs correlated to the values presented
in the Table2 and in the figure5 the histograms and the
BoxPlots graphs according to the values presented in the

Table 3.

Table 2. Statistic parameters for the panels doubled and joined with the stiches M1.

Parameter FR, (N) AR, (%) FS,, (N) FSp, (N)
Mean 910 12.224 207.4 105.86
Standard error 27.8801 0.59714 8.640602 13.52951
Median 934 12.45 213 89.4
Standard deviation 62.34189 1.335245 19.32097 30.2529
Sample variance 3886.5 1.78288 373.3 915.238
Kurtosis 4.117617 0.792516 —0.73058 —1.86209
Skewness —1.99411 —1.0239%4 —0.1613 0.715452
Range 153 3.4 50 70.6
Minimum 801 10.15 182 76.8
Maximum 954 13.55 232 147.4
Sum 4550 61.12 1037 529.3

Confidence level (95.0%) 77.40757 1.657926 23.99016 37.56394




The Computational Design of a Naval Unit for Rapid Intervention 239

Histogram

Histogram

Figure 4: Statistical parameters for panels doubled and jointed with the stitch M1.
a. Histograms, b. Box Plot graphs.

Table 3. Statistical parameters for the panels doubled and joined with the stiches M2.

Parameter FR, (N) AR, (%) FS., (N) FS;, (N)
Mean 1540.6 12.34 225.2 90.22
Standard error 57.86674 1.300727 8.748714 17.67429
Median 1516 11.75 221 83.1
Standard deviation 129.394 2.908513 19.56272 39.52091
Sample variance 16742.8 8.45945 382.7 1561.902
Kurtosis -2.1472 0.168245 2.728046 -2.15658
Skewness 0.09753 -0.04943 1.595199 0.40587
Range 307 7.79 49 90.2
Minimum 1385 8.38 209 51.4
Maximum 1692 16.17 258 141.6
Sum 7703 61.7 1126 4511

Confidence level (95.0%) 160.6638 3.611396 24.29032 49.07169
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Figure 5: Statistical parameters for panels doubled and jointed with the stitch M2.
a. Histograms, b. Box plot graphs.
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Analyzing the data presented in Tables 4 and 5, the followings are
highlighted:

. the disperion degree of the scores is reduced and the average can be taken
into account as an indicator of the central tendency for the analyzed
populations. These can be considered homogeneous, because for none of
them the value of the coefficient of variability did not exceed 8.5%, the
degree of dispersion of the scores being reduced and the average being in
this case a good indicator of the central tendency;

. for skewness with positive values, the curves move to the right, and, in the
opposite direction, to the left, so the distribution is asymmetric, the data
are negatively inclined, the mean and median are lower than the module.
Conversely, for the presented data, if the skewness has negative values, the
mean and median are greater than the module;

. the drawn histograms highlight the probability distributions for the
variables considered. The probability experiments performed for the
variables considered in the analysis demonstrate that the distribution is
normal (the frequency of data occurrence for all variables taken into the
study is highlighted).

CONCLUSION

The designed and development of a naval unit for rapid interventions in case
of disasters occurred in marine ecosystem were iteratively performed for each
part of the assembly, starting from materials characterisation, computation
designed of the modules and validation of the most relevant performances.
For each new iteration, the elements defined by the previous iterations were
detailed, added and modified (e.g., the type-dimensions of the assembly - the
technological flow of its accomplishment).

The second phase of the incremental development was focused on the
experimental design with the help of the Optitex Pattern Making PDS (EFI
Optitex) software, obtaining the type-dimensions of the system and the
multiplication (2D pattern construction, 3D simulation and visualization).

The validation of the entire system was performed through physical and
mechanical analyses and statistical analyses of the databases developed for
each step of the experimental plan. The naval unit for rapid interventions
developed so far will be tested under real conditions of use, in the hydromete-
orological conditions that are specific the open areas of the seaside.
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