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Motivation

I Reducing the negative impact of underground excavations to
existing structures

I Improving methods for the assessment of tunnelling-induced
damage to masonry buildings
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Building deformations



Aim

Evaluating the soil-structure
interaction effect on the
tunnelling-induced structural
damage



Ground-based field data

Example
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Ground-based field data
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DeJong, MJ, Giardina, G, Chalmers, B, Lazarus, D, Ashworth, D and Mair, RJ,
2019, The impact of tunnelling on loadbearing masonry buildings on shallow
foundations, ICE Proceedings: Civil Engineering, 172(5), 402-416
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Ground-based field data

Conclusions

I Some evidence that the building stiffness influence the
tunnelling-induced settlement profile

I Limited number of monitoring points for each structure

I Difficult evaluation of soil-structure interaction

8



Synthetic Aperture Radar Interferometry (InSAR)

 

Figure 1. Basic concept of interferometric analysis: comparison between successive measurements of sensor-to-target distance, al-
lowing ground displacement to be determined. 

 
The phase signal is the element that contains in-

formation about the position of the ground surface 
and the distance between the satellite and ground 
point. As the signal emitted from a satellite has a 
wavelength of centimetres (microwaves), millimetric 
ground displacements introduce phase shifts be-
tween successive images (e.g. Rn-1 vs. Rn) which are 
detected and analysed. 

SqueeSAR™ can identify two families of ground 
measurement points on the Earth‟s surface: 
 Permanent Scatterers (PS): points characterised 

by high reflectivity and occupying a single pixel 
in the image, typically corresponding to houses, 
buildings, metallic objects, pylons, antennae, ex-
posed rock surfaces, pipelines, etc. 

 Distributed Scatterers (DS): signals are received 
from several homogeneous less-strong reflectors 
over an area covering a number of pixels. These 
signals correspond to rocky outcrops, detritus, 
non urban and non vegetated areas. 
For each ground point, the following principle in-

formation is supplied: 
 Position on a reference map, precision up to 1m; 
 Average annual velocity of the ground point, with 

accuracy that can exceed < 1mm / year; 
 Time-series of ground point displacement, with 

accuracy that can exceed < 5mm. 
In order to successfully perform a SqueeSAR™ 

analysis, a minimum number of satellite images (ap-
proximately 10-15) are required over the same area 
of interest. This is necessary to create a reliable sta-
tistical base of electromagnetic ground point re-
sponses, used to identify which pixels contain usable 
information and which contain noise. The higher the 
number of images acquired and processed, the better 
the results obtained. 

Error bars of SqueeSAR™ measurement are ex-
tremely complex to be estimated theoretically, be-
fore actually processing the data available (Colesanti 
et al. 2003). In fact, the precision of the displace-

ment measurements depends on many different fac-
tors, such as: number of images used for analysis; 
spatial density of the measurement points (lower the 
density, higher the error bar); quality of the radar 
targets (signal-to-noise ratio levels); climatic condi-
tions at the time of the acquisitions; distance be-
tween the measurement point and the reference PS; 
repeat cycle of the satellite (the lower, the better). 

An overall picture of the typical precision ob-
tained by SqueeSAR™ analysis  is provided in Ta-
ble 1, which shows the values of standard deviation 
for average annual velocity, single measurement and 
positioning in terms of geographical coordinates 
(North, East, Height). 
 
Table 1. Typical values of precision for a point less than 1 km 
from the reference point for a dataset of at least 30 scenes 
spanning a 2-year period --------------------------______________________________________________ 
Precision (1σ)  C-band satellite  X-band satellite          ______________________________________________ 
Positioning (E-W)   7 m     4 m 
Positioning (N-S)   2 m     1 m 
Position (Height)        1.5 m 
Average annual velocity    <1 mm/yr  
Single Measurement     <5 mm  _____________________________________________ 

2.1 Strengths and weaknesses 

SqueeSAR™ is a monitoring tool unique for ac-
curacy, spatial density of measurement points and 
economic competitiveness. It is not a tool to replace 
all pre-existing methodologies for measuring surface 
movement. There are elements of the technology 
that make it unique, even if there are situations 
where SqueeSAR™ simply won‟t work or will pro-
duce poor results. Presented here are some of those 
strengths and weaknesses. 

Advantages of SqueeSAR™ technique: 
 PS data allow the detection and monitoring of 

displacement fields with sub-centimetre accuracy 
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Giannico et al. (2012)
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Crossrail tunnels, London

Crossrail route Displacement map

Reference

Giardina, G, Milillo, P, DeJong, MJ, Perissin, D and Milillo, G 2018, Evaluation of
InSAR monitoring data for post-tunnelling settlement damage assessment, Structural
Control and Health Monitoring, 26(2), e2285
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Satellite-based field data
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Giardina, G, Milillo, P, DeJong, MJ, Perissin, D and Milillo, G 2019, Evaluation of
InSAR monitoring data for post-tunnelling settlement damage assessment, Structural
Control and Health Monitoring, 26(2), e2285
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Satellite-based field data
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Satellite-based damage assessment

Reference

Macchiarulo, V, Giardina, G, Milillo, P, DeJong, MJ, Perissin, D and Milillo, G 2019,
Settlement-induced damage assessment using MT-InSAR data for the Crossrail
study in London, ICSIC Proceedings

13



Conclusions

Satellite monitoring

1. Extensive and relatively inexpensive field data

2. High resolution and spatially dense InSAR measurements of
differential settlements

3. Can capture the typical settlement trough generated by tunnelling

4. Can be used to assess tunnelling-induced deformations to
structures

5. Offers unprecedented insight into the soil-structure interaction
mechanism
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Further information:

Giorgia Giardina

g.giardina@bath.ac.uk


