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Abstracti In the last years several cultural heritage organia-
tions as ICOMOS or UNESCO have asserted the imptance
of using nondestructive methods to document historial mo-
numents ard sites, together with their current state of @cay.
According to these recommendtions, the main goal of this
study case is to analyze the potential of GPR as inner data
source for the evaluation of ancient masonry arch bridges in
order to determine the sate of conservation and provide -
formation about preservation and restoration. An ancient ne-
dieval bridge in Galicia (NW Spain) is surveyed using ground
coupled shielded and unshielded antennas with nominal ¢
quencies of 200, 250 and 500 MHz, and witthé aid of a total
station for accurate positioning and topographic correction of
the data collected. The interpretation of radargramsplus com-
puter simulations - based on accurate graphic models obtained
by closerange photogrammetry nethods i, allow to exend
both the historical-archaeological and the structural informa-
tion of the bridge. After a simple processinglow, it has been
possible to detect and map some structural elements of the
bridge, as well as the presence of annexpected reflector
which could be an old hidden arch.
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I. INTRODUCTION
Despite GPR is one of the most recommended NIZF m
thods in bridge inspection [3], the specialized biblapdry
does not show too many examples of GPR surveysissn
torical bridges evaluation, probably because -non
destructive testing omncientcivil engineering structures
with GPR is a relatively recent subject [8]. In this way,

archesand the river surface wam for the small arch and

4.8 m for the large pe. The river depth under the two
archeswas 0.2and 1 m, respectivelyThere is a medieval

flagstone path over thbridge whichis about 3.5 meters

wide (see Fjure 3).
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Figure 1. Location of the San Antonio medievabridge (Spain).

The main goal of the studyasto analyze the filling @-
terial homogeeity, identify different zonesdetecthidden
features (such as internal holes or cracks) and ddfiee
internal construction characteristi¢dence this infomation
may be usedo determine the state of consatiion as well
asto providevaluableinformation for preserving andes-
toring historical bridgesThis information could also be

GPR studies applied to the evaluation of masonry archuseful for constretion engineers to verify the structural

bridges are still not very extded, being possible to find
some selected emgles, such aR], [4]-[6], or [10].

After a deep historical review of ancient bridges in NW

Spain, we selected the medieval bridge of San iatbe-
cause it is one of the historical bridges included in thie Ga
cian cultural heritage catalogue [1]. It is a 13th centuay m
sonry bridge located in Cadedo, southwest of Galicia (see
Figure 1).

The bridge is 31 m long and has a slightly pointed profile

(see Figure 2). The externstfucture casistsof two semi
circular arches: a large one of 10.2 meters span and
smaller one of 4 meters span, both separated by auléing
buttress At the time of the survey, thesttatnce between the

stablity of the bridge.
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Figure 2. Medieval bridge of San Antonio (Cerdedd Galicia).
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Il. METHODOLOGY
The first GPR surveys were carried out with astiaigc 200
MHz unshielded antenna. This frequency was seleated
low enough to reach theridge foundations. The offseteh

tween transntier and receiver antennas was set to 0.6 m

tered applying the following processing sequence before
interprettion:

1 Time Zero / Dewow.

(Figure 3). A total of three parallel lines, 45 m long each, T Gain/Band Pass filtering.

were carried out with 1 ndistance between transects.
Commonoffset pointto-point data was auired with 10
cm inline spacing, time window of 234 ns, and 51tsa
ples per trace.
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Figure 3. Acquisition tasks with the 200 MHz atenna.

In order to obtainmore detailed information adhe shlow-

er filling materialof the bridge,two surveyswere a&quired
with 250 and 500 MHz shielded antennagether with an
odometerwheel. Ground conditions made m@&Irements
difficult, as the bridge’s floor consists on large irregular
rocks which strongly interrupted the ntthuousmovement

of the survey wheel (seedtire 3).

Two longitudinal paallel profiles, 75 m long eachyere
gathered twice: First dataseith the 250 MHz shielded
antenna, 5 cm Hine spacing, 200 ns time mdow, and 512
samples per trace. Theecond datasetith the 500 MHz
shielded antenna, 2 cmtiime spa&ing, 90 ns time window,
and 610 samples per trace.

The radargrams were corrected for topography lyitali
photogrammetry and total station data addjois.

The accurate 3D model of the bridge obtaindth the pho-
togrammetric process was utilized to cresyethetic mal-
els using GprMax software v2.(0]. Thesemodels have
helped with field data interpretatio®round Vision v1.4.5
ReflexW v4.2 and GPFSlice v5.0 softwarevere also used
for data procesap.

Ill. RESULTS

1 Topograplc Correction.

Considering thestructural dimensionsf the bridge pro-
vided by the pbtogrammetric stvey, it has been posde
to make an eBhation of the signal velocity in ffierent
zones of the bridge ranging from 8.5 to 11.6 cm/ns.

After processing (see Figure 4b), Figdeshows the inte
pretation ofthe processedadargram which presents some
structural characteristics that can dmsilyidentified as the
arches andridge foundations.A semiflat reflection lo-
cated between the two arches cobkl interpretedas an
internal structural elemerfior pier reinforcementi as they
are documented in engineering booksc&dized in the
topic[7] T, as a solicpier (unusual in medievdlridges) or
even agt is filled with a compact material (the most pasb
ble hypotlesis).

Observing the radargrams in Figure 4 ipassible to ide-
tify three big hypebolic reflections, even thoughe bridge
has only two visible arches (see Figure 2). Thmexpected
reflection situatedbetween meters 0 an@ in Figure 4,
could be related to the presence of a hidden &mlvever,
thereare not historical references of this third arch in the
specialized bibliography [1]. Nevertheless, this intempret
tion could be ratified by the external geométthie bridge
is quite symmetric with respect to the large araind the
presence of a dike ithe left magin gaining land to the
river-bed (see Figure 2). Under this unexpected ctdie
there is another reflectiowhich could be asgiated with
the old riverbed (see Figure 4c).

Considering this reflection as a hidden arch, tHefdng
step vas to obtain some information about if it was empty
or filled. Measuring the delayetween the reflections from
its key stone and the old riveed (about 40 ns), and cons
deringthe air as the propagationegium, it would result in
an 6 m high archthatis, much higher than the right one.
Further, if the arch was empty the polarity of th8eetion

in the archair interfaceshould be the sameah in the other
two arches, whicldoes not hgpen in this case (see Figure
4)ithat is the arch is not emptyand the gnal velocity in
the filling materialis lower than in the arch. Thelfilg ma-
terial seems quite homogeneous so it is not possibl@-to a
preciate significant internal refétions.

Finite difference time domain (FDTD) simulation$ an
arch with the same dimensions as $h&all arch and 2 m

Figure 4a shows an unprocessed radargram obtained wittpetween keystone and rivbed, show the differenceseb

the 200 MHz unshielded antenna. Each radargram Wvas fi

tween an empty arcfsee Figure 5adnd a filled archsee
Figure 5b)i considering a permittivitywalue of 8 for the
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homogeneous filling materidl. Comparson ofboth mal- of the whole bride in order to facilitate the intemtation

els show howthe polaiity of the arch- air interface (see  of the radargrams obtained (see Figure 6).

Figure 5a)is different from thearchi filling interface (see  the simulation clearly shows reflections produced by the
Figure 5B. structural elements of the bridgeut also the presence of
The ring stonereflectionsproduced in this kind of arches multiples from the arch, and the typical cornedeetions
(seeFigure 4, are explained by thEDTD model on the produced in this kind of arches [1T]hese complex refte
Figure 7. While ring stonesare plain from the dside, the tion patternsdifficult the detection ofother reflectors af-

inside generally has a staircase shape fected by cluttering. In this way, it ishardto adbtain in the
radardataclearinformation about the foundations orlfilg

From the precise photogrammetric data and therimdition ;
material between thearches

provided by GPR, it was possible to build atsgtic model
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Figure 4. Radargram obtained with the 200 MHz unshielded antenna.a) Rawdata. b) Processediata after a basc processingse-
guence.c) Interpretation of some of themain reflectors detected with this antenna.



TIME (ns)

TIME (ns)

TIME (ns)

12" International Conference on Ground Penetrating Radar, Juh®, 08, Birmingham, UK

DISTANCE (m)

E
I
'_
o
w
a
DISTANCE (m) DISTANCE (m)
3
Ll
=
=
Figure 5. Simulated radargrams. a) empty arch. Figure 7. Synthetic model shoving the effectproduced
b) filled arch. by the ring stones of the arch.a) Base model. b) ®-

tained radargram.

Figure 6. Synthetic radargram generated from the photogrammetric and GPR data.
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Figure 8. Longitudinal profile across the bridge obtained withthe 250 MHz shielded antena.



