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A case study on structural deformation risk assessment of
urban building complex by integrating InSAR technology and
big data
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Abstract .

essential approach of enhancing building resilience and consequently increasing urban

Efficient monitoring for deformation risks of urban building complex is an

resilience. With Taipei City taken as an example, a large-scale, low-cost and sustainable
method is proposed for multi-scale analysis of urban building complex safety risks by
integrating InSAR measurement technology with urban historical temperature data,
groundwater level data, GNSS monitoring data, optical satellite imagery, urban real-world
three-dimensional images, and other sources of big data. At the city scale , the PSI
technology is utilized to acquire extensive deformation data in the region spanning from
January 2019 to February 2024. These observations on the deformation were validated by

GNSS station data, revealing a strong positive correlation between surface deformation and
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changes in groundwater levels. Based on the identification of risk areas through the

recognition of abnormal surface deformation trends, at the mesoscale level of district scale,

the inverse distance weighting interpolation method based on comprehensive analysis of

ascending and descending orbit SAR satellite images was adopted to obtain the abnormal

deformation field of a deformation area with certain risk. It was found that the changes in

groundwater levels caused by tunnel construction were the main cause of abnormal

deformation in this area. At the local level of building scale, an architectural risk assessment

method that combines structural damage risk with overall deformation risk is proposed,

thereby the accuracy of identifying building risks can be enhanced. Compared to the

traditional method of assessing building risks with macroscopic deformation indicators, the

proposed method system can yield more accurate and comprehensive results in risk

assessment of building.

Keywords: structural health monitoring; multiscale monitoring; PSI technology; IDW

interpolation method ; deformation pattern; risk assessment of building
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Fig. 3 Schematic diagram of satellite observation
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Table 5 GNSS monitoring station information

e b AT v
B (mm - y™')  (mm ey
Gl 25.0213°N, 121.5368°E 2015 -11.33 33.27
G2 25.00377°N, 121.5139°E 2012 -9.64 33.09
G3 25.1336°N, 121.4988°E 2005 -10. 89 32.81
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Fig. 11 Comparison of LOS deformation with

historical groundwater levels
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Table 6 Information for monitoring

station of groundwater level

It LS Je IR IR] HH/m
W1 25.003 87°N, 121.558 0°E 2005 89.56
w2 25.025 5°N, 121.548 6°E 2005 50. 00
w3 25.020 3°N, 121.504 3°E 2007 85.00
W4 25.107 2°N, 121.499 8°E 2005 59.00
W5 25.060 6°N, 121.488 1°E 1994 107. 35
w6 25.020 4°N, 121.470 3°E 2005 79. 00
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Fig. 12 Overview of the construction area
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Fig. 13 Eastward deformation field within the region
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Fig. 14 Evolution process of deformation field
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Table 7 Statistics of Subsidence Characteristics

st [|] e KU/ mm 4/ mm IR
2019/12 -21.73 -21.73 JRiT R TR
2020/6 -43.25 -21.52 RN STl
2020/12 -66. 64 -23.39 JARVNITNG 270
2021/6 -90. 60 -23.96 TE LSRRV
2021/12 -125.12 -34.52 DUREA & | iR
2022/6 -166. 38 -41.26 DU A& | IR
2022/12 -194.72 -28.34 DURE SR S AE | MR
2023/8 -219.09 -24.37 DU A & | IR

2024/2 -230. 35 -11.26 Vi T RE
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Fig. 15 Real scenes of road surface cracks
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Table 8 Statistics of subsidence profile characteristics

T RV FEoNII U ES f’ij@fi!ﬁ EEON

/mm /(mm -y ) X [6]/m e
A-A’ 223 44. 60 365~387 1/593
B-B' 200 40. 00 9~41 1/436
c-c’ 227 45.40 55~73 1/366
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Fig. 17 Realistic images of buildings
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Table 9 Building information

i L) KB/ m YL/ m
Bl 4 105 17
B2 3 93 14
B3 4 67 13
B4 4 57 15
BS 4 140 13
B6 4 60 13
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Fig. 18 Settlement and cracking of B1 and B2
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Table 10 Settlement results of building

?%T @I@é I A " o, o)

= B /mm /mm /rad
Bl [+IV 180 10.53  1/17513  1/3 038
B2 I+IV 128 7.27 1/2 041 1/6 649
B3 m+v 188 12.81  1/2 094 —
B4 m+v 164 8. 56 1/2 036 —
BS m+v 178 12,62 1/4 000 —
B6 m+v 132 5.96 1/1 176 —
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Table 11 Lateral inclination results of building

IG5 Bkt 16, [/rad @y e/ (rad + m™")
Bl I 1/611 1.33%107°
B2 [} 1/3 571 —

B3 I 1/1 155 —
B4 I 1/840 2.62x107°
BS I 1/263 9.17x107°
B6 | 1/1 567 —
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Fig. 21 Risk assessment results of building
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