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bottom ofthe building.The Lidar was positionecn a support resting othe ground locatedto
allow direct sight of thdull height of the buildingThe distance of sight for ¢hARPEJ buildings
was around 100 m and for the lle Verte buildings the distance was close to ZG@emnsignal
processing of the raw Lidar data, each file correspdrid 10 minutes of recordisgwith a
sampling rateof 200 Hz. Gueguen et al35] have onfirmed the Lidar records the frequencies of
the target and of the support. For that readwmidar support was designed to be stiff enowgh
respect tathe classic range of building frequencies to avoid interfererfdésr dataconversion
FDD was applied and the modal analysigas performed. The majoadvantageof the Lidar
designed for this experimenttise have a perfecsynchronizatiorof recordingswithout requimg a
specific reflector placed on th&uiface of the structureNevertheless,he longer sight distances
introduce more noise, reducing the sigtmhoise ratio due to beam divergence of the optical wave
and affecting the performance of the Lidsystem This could be resolvediy increasing the
performance of the Lidabut it introdicescontrainson complying with the restrictive eye safety
regulation

Figure3 Fourier transforms of ambient vibrations recorded at the buildings top (left: lle Verte; right: ARPEJ)
with velocimeters (CS) and Lidar.

4  RESULTS

FastFourier Transfom is computed at théop of thebuilding using velocimeters and Lidgystems
(Fig. 3). The Lidar detectdhe modal frequenes of the buildings, including longitudinal and
transverse direction but also the torsion mdkdow 2 Hz, i.e. close to the funu&ntal frequencies
of the tested buildings, the sigrtatnoise ratie (SNR) are comparahlebecause thduilding
vibrationis large enough to be detected. At high frequency, we obdénatthe noise level of the
Lidar is higher that for the velocimetexrs already suggested by Gueguen €i38al. This low SNR
introduces some drawbacks fdhe clear analysis adhe second frequencies, visible in thé& 2z
range For the lle Verte towers, the SNR at high frequency is evitvan forthe ARPEJ buildings,
dueto the distance of sight between the Lidar and the building.

Moreover, he Lidar measuresvelocity abng a single direction of sight. By consequeht
frequencies detected are directly influenced by the azimuth of the sight with respect to the main
direction of vibration of the buildings. This is clearfor the lle Verte buildinggor which the
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differences imazimuth ofthe sight for the three buildings testedre greateri.e. 11, 45j and 70j
for the Chartreuse, Montblanc and Belledonne towesnewively. For Chartreus#)e sightwas
close to the perpendicular axis of the building amddetected only the T direction of vibration and
the torsion modéFig. 3). For the Belledonne tower, all three modese recorded, witlamplitude
variatiors compared to the velocimeter resultSor Montblang corresponding to 45; of sight
azimuth, the three modegere perfectly recorded by the Lidar. This is the main drawback of the
Lidar measuremertechnigue:recording the vibration along a single directionsafht means that
the modal analysis can be leaisNevertheless, ithe case of remote monitoringve observe that
the frequencyvaluesarereliable and representative of the dynamic response stalte biiildings
let us assume the efficiency of the aidor detecting the frequency variations related to changes or
damages

The singular value decompositisrof the velocimeter and Lidar data for the ARPEJ2 and
Montblanc towersare displayedfigure 4. The same singular value decompositisrobservedor
both buildingswhateverthe equipmentised Due to theSNR, the two horizontal modes in the T and
L direction are well detected, as well as the torsion mode clearly observed here. This detection is not
dependent on the single sight of the Lidar along orection. It is particuldy interesting to point
out the presence of parasitrequencies at 4 and 10Har the ARPEJ2 buildingseen with both
systems and certainlproduced by a permanent internal source of vibration (e.g., lift or air
conditioring). In both cases, 15 Hz is observed on the LIDAR, corresponding to the vibration of the
Lidar support, as also reported by Gueguen ¢88]. At high frequency, for the higher modes, the
Lidar systemis noiser, resulting inlow resolution of the second singulvalue. This is clear for
the Montblanc tower, due to the increasenoise with the distance of sight (280 m for Montblanc
and 120 m for ARPEJ2). In this case, the 3 Hz second mode cannot bednalys

Figure4 Singular value decompositioof ambient vibrations recored by Lidar and velocimeter (CS)
for the MontBlanc (left) and the ARPEJ2 (right) towers.

Since the singular values (frequencies) and singulaore¢inode shapesyere detected, it is
possible to draw the 3D shapaf the nodes, by associatingith each sensor the 3D deformation of
the building. This is displayeHlig. 5 for the Montblanc and ARPEJ2 buildinds.order to improve
shapevisualisation, we considered each fldor be stiff and undeformable, that corresponds to
associate at each point of the floor the motion recorded by the sensor or theAtimading tothe
velocimeter, the Montblanc mode shapes are clearly related to bending modes in the L direction,
corresponding to frequencies OS5 Because of the 3C ofrbient vibrations recorded with the
velocimeters, the full motion of the building can be reconstructed by modal analysis. For the Lidar,
only one direction of sight is availablé/e thereforeobserve(Fig. 5) the coupling of the mode
shapes of the two hadntal directios of the structure,awell asthe vertical direction. The angle of
deflection is related to thezimuth of the sight with respect to the buildifidnis meansthat mode
shapereconstruction is not possiblmlesswe record vibrations in thdirection of the perpendicular
modes, even if the singular values and vectors are detpetéectly by the Frequency Domain
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Decomposition. Moreover, the Lidar sights from the ground level and the vertical naotiatso
present in the coupling mode skapdefined by FDDNeverthelessthis drawbacks does nogduce

the majoradvantageof the Lidar equipement, i.e. performing remotely dynamic characteristic
assessmestof existing buildings, from one site withoenteringthe building and considerably
reducingthe time (andhereforecost) of the experiments. For information, we assessed the three lle
Verte towers in 6 hourswhich is approximatly the same as théime required using the
velocimeter.

Figure5 Shapes bthe first (A) and second (B) mode using velocimeter (left) and Lidar (right) systems for the
Mont-Blanc Tower

5 CONCLUSIONS

The largescale instrumentation and monitoring of existing buildig®f more than academic
interest.Testingbuildings provides information on safety by evaluating the variatiorthadir elastic
properties, often relatei damageln view of the number of buildings that must be tested after an
extrene event, the development of remote systesnich as the Lidamay be theey to improving

the operability and efficiency of decis®@nThe assessmendf changes betweethe physical
properties of structures before and after earthcaiedaehelp classify buildings as being suitable for
immediate occupancyequiring further andadditioral analysisor for demolition Moreover, the
long-term monitoring of buildingis also critical for decision makeand local autorities in order

to check the effestof ageingand toassesthe remaining life span of their structures.

In this paper, wénavereported on the development and field trial of-paBh Lidar vibrometer
for this purpose. Wédnave showed that applicatierelated constraints are fulfilled: low velocity
noise, reatime signal processing, compaessand laser safety. ##tonomous andperability of the
equipment was demonstrated during a vibration measurement carapkigg distanceof sight. A
good fitwas observethetweenthe modal frequencand mode shapealuesdetected by idar and
classical velocimeteDespitea higherlevel d noise forthe Lidar thanfor the velocimetey most of
the existing buildings could bmonitored usinghis remote sensing method for large urbansarea
Thedrawback related to ttengle directiorof sight can be compensated by the efficiency of remote
assessment fo frequency and mode shagies)g a fast and accurate assessment of the structural
health. Shorter experimentimes and reliability of measurementdead us toimagine broad
application on the scale of a city, allowing ledigtance and repeitte scaming of structures.
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