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SMART?	  

“SMART”	  (adj.):	  equipped	  with,	  using,	  or	  containing	  electronic	  control	  devices	  
	  
	  
	  
	  
	  

Smart….car	  
	  

Smart….phone	  
	  

Smart….house	  
	  

Smart….GAM?	  



Geotechnical	  Assets	  Management	  
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THE	  SMART	  SIDE	  OF	  A	  GAM	  

DATA	  &	  
KNOWLEDGE	  ARE	  
CONTINUOSLY	  
UPDATED	  BY	  

USING	  SUITABLE	  
MONITORING	  
EQUIPMENT!	  
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What	  we	  monitor…	  
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Where	  we	  monitor…	  
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Example	  1:	  Monitoring	  of	  one	  Geotechnical	  Asset	  



ü  2	  years	  of	  monitoring	  whose	  aims	  are:	  

ü  “Knowledge”	  the	  landslide	  features	  and	  behaviour	  

ü  “Control”	  the	  evolu7on	  of	  the	  slope	  during	  re-‐contruc7on	  

ü  Re-‐ac7vate	  the	  transit	  of	  the	  highway	  by	  “emergency	  monitoring”	  

ü  Monitoring	  is	  performed	  by:	  

ü  Periodic	  and	  con7nuous	  inclinometer	  monitoring	  in	  some	  boreholes	  	  

ü  Con7nuous	  monitoring	  by	  3	  Robo7c	  Total	  Sta7ons	  

ü  Con7nuous	  monitoring	  by	  2	  Terrestrial	  SAR	  Interferometers	  

ü  Data	  managed	  by	  a	  suitable	  web	  based	  data	  distribu7on	  plaForm	  

Example	  1:	  Monitoring	  of	  one	  Geotechnical	  Asset	  
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Example	  2:	  Monitoring	  of	  one	  Geotechnical	  Asset	  

16 May – 3 July 2013 3 July – 3 September 2013 

3 September – 3 November 2013 

MazzanI	  P.,	  BruneU	  A.,	  2015.	  Monitoring	  an	  unstable	  road	  embankment	  for	  public	  
safety	  purposes	  by	  Terrestrial	  SAR	  Interferometry.	  In:	  FMGM	  2015,	  PM	  Dight	  (ed.)	  
(p.p.	  769-‐780)	  Australian	  Centre	  for	  Geomechanics,	  Perth,	  ISBN	  978-‐0-‐9924810-‐2-‐5.	  



Example	  3:	  Monitoring	  of	  Several	  Geotechnical	  Assets…in	  Europe	  

1	   year	   monitoring	   by	   high	  
reso lu7on	   Sate l l i te	   SAR	  
Interferometry	  



1	   year	   monitoring	   by	   high	  
reso lu7on	   Sate l l i te	   SAR	  
Interferometry	  

Example	  3:	  Monitoring	  of	  Several	  Geotechnical	  Assets…in	  Europe	  



About	  100	  $	  per	  km2	  

Few	  $	  for	  each	  asset	  
0,02	  $	  per	  monitored	  point!	  

Example	  3:	  Monitoring	  of	  Several	  Geotechnical	  Assets…in	  Europe	  



A12	  Highway	  
A91	  Highway	  
Rome-‐Fiumicino	  

Example	  4:	  Monitoring	  Several	  Geotechnical	  Assets….in	  Italy	  



A12	  Highway	  
A91	  Highway	  
Rome-‐Fiumicino	  

Example	  4:	  Monitoring	  Several	  Geotechnical	  Assets….in	  Italy	  



When	  and	  why	  we	  monitor….	  
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Detec&on	  of	  precursors….is	  really	  SMART	  
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Detec&on	  of	  precursors….is	  really	  SMART	  



Example	  of	  breakpoints	  

Results:	  
Modified	  Sliding	  Window	  (MSW)	  segmenta7on	  method	  	  

Trend	  Change	  Detec&on	  (TCD)	  	  
	  

Detec&on	  of	  precursors….is	  really	  SMART	  



CorrelaMon	   between	   the	   displacements	   (black	   dots)	   and	   the	   rainfall	   records	   (blue	   line).	   Pick	   2	   and	   pick	   3	  
correspond	  to	  the	  Mme	  intervals	  detected	  using	  the	  MSW	  segmentaMon	  algorithm.	  
The	  red	  dots	  represent	  the	  computed	  breakpoints	  in	  this	  Mme	  series.	  	  

Trend	  Change	  Detec&on	  (TCD)	  
	  

Detec&on	  of	  precursors….is	  really	  SMART	  
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FAILURE!	  

Displacement	  Monitoring!	  

Linear	  regression	  

Three-‐stage	  creep	  model	  (Varnes	  1978)	  	  

(Saito	  1960;	  Fukuzono	  1985;	  Voight	  1989)	  

Predic&on	  of	  failure….is	  even	  more	  SMART	  



Reduce	  the	  distance	  between	  innovaMve	  monitoring	  soluMons	  and	  GAM	  managers:	  

	  	  

1)	  Training	  

How	  we	  can	  move	  forward	  with	  the	  SMART	  GAM?	  

WWW.GEOTECHNICALMONITORING.EU	  

	  



How	  we	  can	  move	  forward	  with	  the	  SMART	  GAM?	  

Reduce	  the	  distance	  between	  innovaMve	  monitoring	  soluMons	  and	  GAM	  managers:	  

	  

2)	  Developing	  suitable	  tools	  

	  

WWW.SARINTERFEROMETRY.COM	  



What	  I	  hope	  for	  the	  future	  

-‐	  Monitoring	  will	  become	  a	  key	  part	  of	  each	  geotechnical	  asset	  program	  and	  not	  

just	  an	  opMon	  

-‐	   The	   word	   “monitorability”	   will	   enter	   in	   the	   dicMonary	   of	   designers	   and	  

infrastructure	  owners	  

paolo.mazzanM@nhazca.com	  

www.nhazca.com	  


