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I N TRO D U CTI O N DATA ACQU IS ITI 0 N LIDAR: S E I S M IC S I G NALS Two stations were installed near the blast. Station Sp1 was installed in bedrock, 81 m from the landslide and station Sp2 in the road at a
_ | _ | | | | Equipment: Terrestrial Laser Scan (llris 3D, distance of 53 m. The normalized envelope shows consistency between the observations at the two stations, once a lagtime of 0.02 s
Tlhe study was developedina hlllSlOP? between La R!t?a and Vilaverd, Catalonia, Spain (rogd C-240z). In th'§ area, Optech Inc.), GPS TopCon - with GB-1000 T fore | was corrected. Lag time and amplitude amplification in Sp2 are observed owing to the difference in the distance landslide-seismic
different c.:ont_rolled blas.ts were carried OUt_ to stabilize the slope after. a r?atural rocksllde..Ba.ck-anaIyS|s and controller and PG-A1 antenna. Calibrated 8- O e | stations (28 m) and the different geological basement. Husid diagram shows a landslide time duration about9.1s. [Left box].
characterization of blast.lnduceq rockfalls using photogrammetry, terrestrial LIDAR data and seismic data allows us digital camera (CANON 40D). — \ \ | | | | The video recordings together with the seismic signals allow us to identify different instants in the landslide and provide information about
(2 loEE eI IEME ST DBTEIOUT Pre-blast data: 3 scans from 2 stations. i their dynamics. Note the different amplitude and frequency content of each part of the landslide. Different parts of the landslide could be
Materials affected by the rockslide are Upper Muschelkalk dolomites with pronounced bedding and different Post-blast data: 5 scans from 4 stations. identified: 1) small materials falling down the slope, 2) some individual rock impacts and 3) large rocks rolling down the slope. Signals are
discontinuity sets. 2 filtered according to the frequency content of each phenomenon. Particle motions are consistent with the directionality of the different
s - Photogrammetry: s _
Objectives ' 3 ' | S | : .. 2 o parts of the landslide. [Bottom box]
R/ e Equipment: Digital Camera - CANON EOS 2 . .
Reconstruction of the blast induced rockfall dynamics and Blast 3 - Video, Seismic signals and ) X107 o Dlast  fandsiide
h t | t | dﬁ: t t | t h y h Photogrammetry post blast 16/09/2013 6OOD GPS TOpCOn - W|th GB'1 OOO COntI’O”er g f T'\I' ‘-ﬂ-; """
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Photogrammetry, H , VIASLTMages and seismic signais. Data: Photographs pre- and post-blast taken ' y f o M
Planar landslide Photogrammetry pre Blast 1 Blast 2 Rockfall2 |iDAR post {5 stafi e ; Lt
: at 5 stations. g L
- Detection and characterization of the discontinuities affecting the 22/07/2013 06/08/2013 17/11/2013  07/05/2014 g | -
rock slope stability. i, = By e RS Seismic data: a »
o _ , _ Equipment: Seismic acquisition system -
- Characterization of the volume involved in the blast induced : ) _ _ _ . =
; Spidernano (Worldsensing) 24bits  three i
rockfall. _ _ oo s
channels, sampling 250 sps, continuous 8
- Seismic characterization from the analysis of the acquisition; GPS antenna; Seismic sensor E
generated seismic waves. IBERIA Ph: sfation for bhot‘ogramm.e;;y q(-:ﬁ!-éta aéquisition é Miniseismonitor (Geospace) 2 0 Hz tri-axial. 2 | E
% g TLS: station fot LIDAR data acquisition = : F -c_%‘
- Determination of the advantages, limitations and ) gg’of;'z?;f;igsggggzi'gg'cgat ? Video Images: E - i
complementarity of the different techniques. Equipment: 2 professional video cameras HD ’ -

Photogrammetry models - Agisoft Photoscan (www.agisoft.com) Planar regressmn '_SELF tool ((_;EOMO[_)ELS'UB software, Garcia-Selles etal. 2011) From each cluster a simplified (flat) surface was constructed using GOCAD software (Paradigm — The difference between the data acquired Gocad PolyW orks
J "y g a9 | el egc.h poimt Of_ the point clouds obtained with L'D_AR and photogrammetr.y, the Normal Yector of the plane www.pdgm.com). The blasted volume can be delimited and calculated by combining the surfaces obtained (photogrammetry or LIDAR data) shows that in both Photogrammetry (m®)  LiDAR (m®)  Photogrammetry (m®)  LiDAR (m®)
Pre-blast model Post-blast model Contalnlngthe pointwas f;aTICL.JIated by planar regressmn..Parameters that define the plane adjustment are from the pre and post models. cases (obtained from surfaces and by comparing Roc(k?;aln _ _ 1062
5 photos; 250.000 points and 1 point each 7 Mco-planarity and K co-liniarity. Values used: Search radius=0.1-0.25 m; K >3.25; M <1.2 models), the LIDAR models have larger volumes 22/0672013) 16.43 18.71 27.35 30.48
S DI R AT Fiteorio o than those of photogrammetry (between 10 and (06%372‘021 - 75.15 85.31 : :
. . 0 ast 2 +
Dip direction for the et .OO | | o 12%). (olzllosjzzms?- 196.01 220.69 183.11 206.67
ohotogrammetry e ~ S08 Isolated points not belonging to discontinuity surfaces 15/09/2013)
pre-blast model b vl were eliminated. The difference between the methodologies used (15'2:72‘0313) 120.86 135.38 : :
| | (GOCAD or PolyWorks) shows that the difference in
Attributes classification tool volume 4 is less than 10% in the two sets of acquired Photogrammetry vs ocad ve PolWark
All the points of each model were represented in a data. LiDAR ocad vs FOly vy OrKS
stereographic projection according to the dip and dip — Eocadl{pe) Ko yiviiohice v/l Moo A v o) M DR Ry (Vo
: : : : C _ _ _ 12.19 10.27 39.93 38.62
direction. This representation allows establishing a user The larger difference in Volume 2 is due to the fact (22é<:6/2toz13)
defined cut off for each discontinuity family. i that it is not possible to limit simplified surfaces owing (0610812013) o ' ' '
to the difference of the models pre-photogrammetry (26//%8//220‘:3;)— 11.18 11.40 7.04 6.78
ol 5/09/20
©umberofpoes  x i N and pre-LIDAR. Blast 3 073 _ _ _
;i - 0-22 Mg ' oo i (15/09/2013)
LiDAR models - Polyworks (www.innovmetric.com) = or-as + 25 Jﬁ
Dip direction for the = 153 22 = 50 -
Pre-blast model Post-blast model LiIFD) AR = i ' o Ten ks CO N C LU SIO N S
3 scans at 2 positions 5 scans at 4 positions ost-blast model e o Wy o i 5:? e e S oA
435.000 points and 1 point each 5 cm. 560.000 points and 1 point each 5 cm. Photogrémmétr;/ S Li-DX;:»g;St_-blaSt AT (TremanTeied [Teaulr Neimer) wes bl i - Discontinuity characterization is faster with photogrammetric data due to the reduced number of points compared with Li ata.
[ i each model (pre and post blast) by PolyWorks - LIDAR data models are more accurate than photogrammetric ones: some surfaces are detected only with LiIDAR data because of the

software (InnovMetric — www.innovmetric.com).
Moreover, a flat surface parallel to the slope
(reference plane) was constructed. The volume
Bedding | between pre and post TIN and the reference plane
surfaces were obtained using the Surface to Plane tool of
PolyWorks. The volume involved in the blast was
calculated from the difference between the two

presence of shaded zones in the photographs used in photogrammetry.
- Both techniques and methodologies for calculating volume yield similar results (approximately 10% difference).

- Seismic analysis allows us to determine the duration and the different stages of the phenomenon and their characteristics.

- Complementarity of the differenttechniques has proved to be useful. REFERENCES AND ACKNOWLEDGEMENTS
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