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Very flexible floating structures have been proposed for offshore floating photovoltaics installation. Characterized by
having structural lengths much longer than wavelengths, small thickness, and low bending stiffness, these structures are
prone to large vertical deflections and strong hydroelastic interactions. Experimental information on these structures is
scarce. In this study, we employed digital image correlation (DIC) to investigate the hydroelastic interaction of a flexible
floating sheet with a length-to-height ratio of 1,000 in regular long-crested head waves. The wavelength was one-tenth and
one-fifth of the structure length, with a wave steepness of 0.04. The repeatability of wave conditions and measurement results
was demonstrated, and measurement errors were quantified. Surface elevations showed that the sheet followed a local wave
elevation in long waves. In shorter waves, strong hydroelastic interactions led to wave lengthening underneath the floating
structure and three-dimensional (3D) effects across the structure width. Wave lengthening agreed well with prediction from
the hydroelastic dispersion relation. Observed 3D effects necessitate further research into the possible influence of viscoelastic
effects. It was shown that the DIC technique is suitable to measure flexible floating structures in waves with low error and
good repeatability. Experimental data are publicly available.

INTRODUCTION

Over the past decennia, investigation of the hydroelastic
response of floating structures has been mainly motivated by
research on sea ice and very large floating structures (VLFSs); see
the reviews by Karmakar et al. (2011) as well as Squire (2007,
2011), Chen et al. (2006), and Lamas-Pardo et al. (2015). More
recently, hydroelasticity has received renewed attention with the
rise of (offshore) floating photovoltaics (FPVs). Large modular
floating structures for rigid photovoltaic (PV) panels are envis-
aged in various projects, as summarized by Trapani and Redón
Santafé (2015). Flexible structures for FPVs based on thin-film
PV modules have been demonstrated to have technical and eco-
nomic potential (Trapani et al., 2013; Trapani and Millar, 2014).
In their theoretical study, Trapani and Millar (2016) considered
a thin-film floating PV installation with 100 m length and 5 mm
thin floating material with a Young’s modulus E = 2029 · 109 Pa.
Of similar dimensions, but with a thicker floater, are the float-
ing solar mattresses proposed by DNV KEMA (2012). Jamalludin
et al. (2019) concluded “that floating solar could be one of the
most important ocean structures in the future” (p. 1638).

From the aforementioned reviews, it becomes apparent that
there is an abundance of theoretical studies on hydroelasticity.
However, experimental investigations and data are much less
reported. Şendil and Graf (1974) studied flexible floating sheets as
breakwaters using 4.8 mm plywood with lengths between 0.6 and
1.2 m. Several experiments related to Japan’s Mega-Float project,
in which a 1,000 m floating runway was built in Tokyo Bay, were
performed in the late 1990s. Yago and Endo (1996) investigated a
9.75-m-long, 1.95-m-wide model with a draft of 16.6 mm. Yago
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et al. (1997) conducted two-dimensional (2D) experiments with a
50-m-long, 5-m-wide model with a draft of 10 mm. In both stud-
ies, Yago et al. used models made of composite material to tune
model stiffness to match the downscaled bending stiffness of the
full-scale structure, which had horizontal dimensions of 300 ×

60 m and 5,000 × 1,000 m, respectively. They measured struc-
ture elevation along the centerline of the model with a string-and-
pulley system attached to potentiometers at intervals of 0.4 m.
Kagemoto et al. (1998) employed optical tracking of four LEDs
along the centerline of their model with a length of 2 m and width
of 0.5 m. Their model consisted of segmented floating blocks
attached to a flexible upper deck of 5 mm acrylic glass. Ohta et al.
(1998) reported on a model test with a 15-m-long model related
to a full-scale structure 1,200 m in length. Ohmatsu (2008) dis-
cussed several experiments related to the Mega-Float project. He
advised the use of potentiometers for the measurement of struc-
tural deflection and elaborated on the issue of scaling the bending
stiffness of the models.

In the field of sea-ice interaction, Squire (1984) conducted
experiments with an ice-covered wave flume of 2 × 1 m using an
accelerometer to measure the vertical deflection of the ice cover.
Meylan (1993) employed 40 pressure transducers along the bot-
tom of a wave flume 20 m long and 1.83 m wide to investigate the
effect of floating flexible sheets on the waves. He used polypropy-
lene (PP) sheets over the full width of the flume with a length
of 1.22 m and thickness of 3.175 mm as well as 6.35 mm. Sakai
and Hanai (2002) carried out experiments with polyethylene (PE)
sheets of 5 mm and 20 mm thickness to simulate sea ice in waves
in a 2D setup. They measured the vertical displacement of the
sheet at several points along the centerline of the model using
ultrasonic sensors. Montiel et al. (2013) investigated the behavior
of compliant floating circular discs in waves. Their models had a
radius of 0.72 m and were made from expanded polyvinylchloride
(PVC) material of 3 mm, 5 mm, and 10 mm thickness. They used
optical markers distributed over half the model surface tracked by
a stereoscopic system. Bennetts et al. (2015) conducted experi-
ments in a three-dimensional (3D) setup using PVC and PP mate-
rial for their 1-m-wide models with lengths between 1 m and
3 m and thicknesses between 5 mm to 20 mm. Sree et al. (2017)
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