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Figure3. (A) TheMaltesearchipelagoin the central Mediterraneanand (B) the North-westerncoastof the Islandof
Gozo, where is locatedthe Wied Il-Mielah arch(C),that hasbecomean icon of the Malteseislandsafter the
collapseof the most famousAzureWindowarch.

Figure 4. Stratigraphic succession compiled by field activities.

Å The Wied Il-Mielah arch (Fig.3) is
composed of sub-horizontal strata
belongingto the severalmembersof
the Lower CorallineLimestone(LCL)
formation, a hard and compact grey
limestoneof Oligoceneage(Chattian)
(Fig.4). The limestone forming the
archis intenselyjointed, testifyingthe
natural pronenessto gravity-induced
instabilityof this naturalstructure.

Figure 2. (A) 40-s segmentof high-pass-filtered seismogram(> 1 Hz) of the collapseimpact on the seafloor
recordedat XLNDseismicstation and correspondingspectrogram,(B) 3D reconstructionof the Azure
Windowby UAVphotogrammetry. (C)Theshadedvolumeof the archwasusedto estimatethe massof
rockabovesealevelthat collapsed(~3.8 x 107Kg)(GaleaP. et al., 2018).

Å The use of UnmannedAerial Vehicle(UAV)systemshas been growing in coastalapplicationsin
recentyears(Colicaet al. 2017) and,in particular,it is essentialfor the monitoringof coastalarches
becauseof their protruding position on the sea. An aerial-photogrammetricsurveyby UAVwas
carriedout to obtaina highresolution3Dmodelof the WiedIl-Mielaharch(Fig.5). Fromthis model
it was possibleto identify the thicknessof the different geologicallayersand the extensionand
thicknessof cracks.

Å The3Dmodelwasimported into ANSYS®Workbenchϰsoftwarewhereit waspossibleto perform a
modalanalysisof the structurewith the FiniteElementMethod (FEM)(Fig.6).
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Å Other ground-baseddata were obtainedduring a geophysicalsurveywhere three-component
accelerometerswereusedto measurethe fundamentalfrequencyof the naturalarch.
Thismethodologyhad highlighteda different seismicresponseof the different elementsthat
constitutethe archin whichwe recordeda valueof 5Hzon the pillar andbetween5Hzand6Hz
on the beamof the arch(figure7).
Theseresults are comparablewith the results outputted by FEMsimulationsin which we
obtainedanaveragevalueof 5.91Hzon beamandpillar of the arch.

Å Theharmonizationof these aerial and terrestrial non-invasivetechniquesallows to enhance
the output of this study that aims to evaluateseismicresponseof the arch and the risk of
collapse.

The geomorphological features of natural arches
make these structures important tourist attractions
worldwidebut, at the sametime, they areexposedto
rapid erosive processesinduced by wind and sea
waves.
TheMaltesearchipelago(CentralMediterraneanSea)
hostsa greatnumberof naturalrockarches.
On the 8th March 2017, a natural arch known as
Azure Window (Fig.1) collapsed into the sea, at
around 8:30 AM UTC(9:30 AM local time) (Fig.2),
leavingno trace abovethe waterline (GaleaP. et al.,
2018).
The collapse of the Azure Window, which was an
iconic feature of the island of Gozo, motivated the
need to characterisethis type of natural structures
and evaluatethe risk of collapseto ensurethe safety
of visitorsto the sites. Figure 1. Azure Window before and after the collapse.
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Å Suchpreliminaryresultscanrepresenta contribution for planningfuture activities(Fig.8), such
as:

1. installation of a monitoring network to ensure the safety of visitors and the designingof
consolidationinterventionsto preservethe WiedIl-Mielaharch;

2. periodicGPRsurveyswith the aimof reconstructingthe depth of the fracturesandmonitoring
their changes;

3. periodicUAVsurveysto monitor the morphologicalevolutionof the Wied Il-Mielah archover
time;

4. bathymetric surveywith an AutonomousSurfaceVesselequippedwith an interferometric
SideScanSonarin order to determine the exactshapeof the submergedpillar. Thiswill be
usefulto understandthe degreeof erosionat the baseof the pillar andto improvethe results.
in the FEMsimulation;

5. extendthis monitoringmethodologyto all naturalarchesin the Maltesearchipelago.

F
U

T
U

R
E

 W
O

R
K

S

Figure6. Firstexperimentalmodalfrequencyobtainedin ANSYS®²ƻǊƪōŜƴŎƘϰsoftware, in whichred arrowsshowthe
oscillationof the Wied Il-Mielah arch and red circlesshow the submergedpart of the pillar reconstructed
usingbathymetricdataasreference.

Figure 7. HVSR analysis with distribution of the f0 peaks.

Figure 5. Photogrammetric workflow for the generation of 3D model.
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Figure8. (A)Thefirst GPRsurveyperformedin September2018at the WiedIl-Mielaharch; (B)in the red circlea DJI
Phantom4 Pro during the photogrammetricsurveyof the arch; (C)EchoBoatAutonomousSurfaceVessel
ownedby the Universityof Malta.


