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Structural Deformation Risk Assessment of Urban Building Complex by Integrating INSAR
Technology and Big Data - A Case Study of Taipei City
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Abstract: Efficient monitoring of urban building clusters for deformation risks is an essential approach to enhancing
building resilience and consequently increasing urban resilience. This study takes Taipei City as an example and
proposes a large-scale, low-cost, sustainable method for multi-scale analysis of urban building group safety risks by
integrating INSAR measurement technology with urban historical temperature data, groundwater level data, GNSS
monitoring data, optical satellite imagery, and urban real-world three-dimensional images, among other big data
sources. At the city's broad-scale level, the study employed PSI technology to obtain extensive deformation data
spanning from January 2019 to February 2024 in the region. These observations were validated using GNSS station
data, revealing a strong positive correlation between surface deformation and changes in groundwater levels. Based on
the identification of risk areas through the recognition of abnormal surface deformation trends, at the district mesoscale
level, this study utilized the inverse distance weighting interpolation method based on comprehensive analysis of
ascending and descending orbit SAR satellite images to obtain the anomalous deformation field of a certain risk
deformation area. It was discovered that changes in groundwater levels caused by tunnel construction were the main
cause of abnormal deformation in this area. At the building's local scale level, this study proposes an architectural risk
assessment method that combines structural damage risk with overall deformation risk, thereby enhancing the accuracy
of identifying building risks. Compared to the traditional method of assessing building risks using macroscopic
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deformation indicators, the method system proposed in this study can yield more accurate and comprehensive results in

building risk assessment.

Keywords: structural health monitoring; multiscale monitoring; PSI technology; IDW interpolation method; deformation

pattern; building risk assessment
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Fig.9 The cumulative surface deformation along the LOS over years
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Table 5 GNSS monitoring station information
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e BRSRIN )y 2024 423 25 H.

BN, 435004 2.23mm. 2.76mm Al 2.54mm. Rz

BORJE T SAR TLE W 21 5 GNSS Ik £ 48 1 %

BZIANE, H PS sHIALE S5u A & A e 4

Ho LEAKE, PSI HARMMR K AR GNSS

ARSI L R =20 woall// e ) | P SR 0 W

PSI BEARKEEE IR UELS B, "IN &b i
SREAMUMEBEERE.

20,

£ o %
St

S TR iy, PSI

7 -20)] ME

pa Pyt

5-40 {

" -60

0 200 400 600 800 1000
LRIV

(a) G1 Wlifix bb 2 1 (b) G2 Pt X Lt SR

A5 /mim

20
-40 G3
~g— Psl
0 200 400 600 800 1000
I iRl /R
(c) G3 Mttt kb4

10 PS1 5 GNSS B9ZERZ33LE
Fig.10 Comparison of deformation between PSI and GNSS

3.2 MTRKEIE PSI TRLERITEE

Bl 1145 T 3 R /KA Ik 2019 4 42 2023 417
SKALEE ST PS 5 LOS [l 48 JE B8 X Hr 45 51
5 R KAL) VEAAE B AN R 6 B o MBI 11 AT I,
F Dt R KA AR SR LOS AR L
FERIER M. A H RGN R HTRZ
VU ik ey O 25 . (R, AT DAHENT 3.1 %
Fﬁiﬁﬂtﬁiﬂﬁ%ﬂ%imﬁz%ﬁ Je K AR K
PR KB F AR, GG R T R K ALAER 2 E B
AR, ST RS AT R AR 2 A
TRVEH . KB AT W .



10 10 30 30 10 10
0 0 20 20 0 0
£ e £ £
E.10 105 E 10 10 3 E 10 103
3 %y % % 2
520 -20; & O 0 -E 520 -20;
-30 Dgs |30 -10 Dios  [-10 -30 Dioe -30
AR A Tk
-40 -40 -20 20 -40} -40
0 400 800 1200 1600 400 800 1200 1600 0 400 800 1200 1600
] /R ] /R ] /R
() WL s xof Ll &5 () W2 Ju3k 5 b 25 5 (c) W3 s xof Ll &5
10 10 20 20 10 10
0 0 10 10 0 0
£ | £ £
E.-10 103 e’ ° 5 E-10 103
% 2 ~5-10 10% % %
520 -20; & 20 -20% &-20 -zog
-30 Dyos -30 -30 Dyos -30 -30 Dios -30
oA b A b 7
gl TR -40 -40 LS g BT 40
0 400 800 1200 1600 400 800 1200 1600 0 400 800 1200 1600
] /R ] /R ] /R
(d) W4 3k 3o Ll 2% 51 (€) W5 3035 %of Eb 5 51 (F) W6 3 xif b gt 1
E 11 L0S mERSH e KA L
Fig.11 Comparison of LOS deformation with historical groundwater levels
%6 HTKEMIEER BTG, WEAZREE, HH R T Xk . i
Table 6 Groundwater level monitoring station information THEERK, ZLRET 2016 FEHiHi T, HZE 2023
stz = Hehi BB FEm T AR 58 R IE ) JE AR R
w1 25.00387° N,121.5580° E 2005 89.56 25.0408N
w2 25.0255° N,121.5486° E 2005 500  |----- It 1B
N
w3 25.0203° N,121.5043° E 2007 85.00 A
KFR
w4 25.1072° N,121.4998° E 2005 59.00 C—— i 2018-20244F
- Wit T
W5 25.0606° N,121.4881° E 1994 107.35 0 110 MEmM L\‘ -
W6 25.0204° N,121.4703° E 2005 79.00 20194F W5 T —é}
\
Q‘ R02
s 4 3
4 REREPEREREERIGSHER THE *
Ve
4.1 BRETHREEIRZ 7 .
= — bLI
Kl 9 ol HIEE B AR T 2 MEET R 3 3
. - N N o -
BASTHH R IR, A R K LN 5 4t 6] 2 A S
BRI ST ES, XA — R 25.0315N

7F 2023 4 8 A KRBT M E MR, SEER —ZHiE
BN H R8T, (5 S XU DX AR T i 34 5 K BT XU X
6L, FENR DU B B] ELRF SR TR, AT R T R AU o
4.2 EXEREX TR IG5

RETHETEZGMMEREN, ZXEHN 2 K
A, RIHEH T 1.3 At i ik,
4.2.1 [XIHMES

WK 12 fios, {5 RS X XM T & 46T “15 X
ZRIEZR” ) CR285 FEiEfE ThrEL. 1% LE &K 4
1.42km, FRZESE. 0G0 B R B2 40,
HoAp T B R & MRt ) 77 0 T %t X% 2+

12 MEIXEER
Figl2 Overview of the construction area

4.2.2 BEETE T 5HRETL KR

H T Sentinel TL/E FEBFARHIGR A, BFFLICIER
FITH RS AR Rt 5 1 77 V23R B X 3 A e e ) s e
HAT . % RERETE I T ARV, B AR TG
AL FRERCN LOS AR TEH E 3R E . Bk, Wik
Y BT S A4 T3] 2023 4E 1 H & 2024 4E 2 A1
FERAGEEE, Wi 1.2 WAENITE, B3 T X
NIRRT Y, 45 RNl 13 FiaR . I45FEIE it TR
17 A I TR B A 7 B R 0] AR TR HME BN, AU



0.67mm F1-2.17mm. R, J& 4078 B R H A
GRS 2019 £ &8 2022 4F 1% [X 8k 1 8 [ AR L 45 R

Bl 14 45 T 15 X% XA X AR T3 ARl 72, R 7
R T DX P B )T SR TR . Z5 A RE, 1%
X IR AIPTRE A DA R : — R TTRF R OANE BRI A 2k
MIIE BJ7 s IR R R B 2 e a5 i bR 3 B 42
Jite T (R 25 R SR K B 5 T AR 2% A T [ B i)
TR B A ) DU AR BRI T8 S U R AR SR
., I, 274G Gt RS TR SZ T KA M R
(50 AT, AT DAHEIT 2 p T P T B2 Lo 1 e Ak
KIS B o34, 0 B K S 4 23k bt i AR R
PIHL R PR EE s, WA LERKS S
T, HRRA T KIEHEDIRE

A A

N N

(a) 2023/1/10-2023/9/7 (b) 2023/9/7-2024/2/22

—230  -200 -160 —-120 —80
T T T T T

-40 20 -10 0 10 20
T

mm

E13 XBAKREERT
Fig.13 Eastward deformation field within the region

2018-20244F
Wl L

=

20194 B2 it 1

o

A

N N

(@) 2019 % 12 H (b) 2020 £ 6 H
A A

(c) 2020 4= 12 H (d) 2021 4E 6 A

c3,xC2
/
can,
N N
(e) 2021 4F 12 A (f) 2022 4 6 H
c1f
csh
N N
(9)2022 F 12 A (h) 2023 48 H
c
B6
. e B B
]
A ‘8 B2
N
() 2024 4 2 A
-230  —200

-160
T

-120 -80
T T

—40 —20 -10 0 10 20
T —

B 14 TRIGEFEIIE

mm

Fig.14 Evolution process of deformation field

R7 TEFHEST

Table 7  Statistics of Subsidence Characteristics

fef ] B KU /mm HHr/mm FHIE
2019/12 -21.73 -21.73 SRR IR TR
2020/6 -43.25 -21.52 ARINTIN G
2020/12 -66.64 -23.39 ARINTIN G
2021/6 -90.60 -23.96 TE R RDTRE
2021/12 -125.12 -34.52 I 5 =S TN
2022/6 -166.38 -41.26 I 2 =S TN
2022/12 -194.72 -28.34 I 5 =S TN
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Table 8 Statistics of settlement profil characteristics

i KU R TR % HRRYERE TN
il /mm /mm-y?t [X ] i
A-A' 223 44.60 365m~387m 1/593
B-B' 200 40.00 9m~41m 1/436
c-C 227 45.40 55m~73m 1/366
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Fig.17 Realistic images of buildings
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Table 9 Building information
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Fig.19 Building settlement curve

®10 BHFINEEHER

Table 10  Building settlement deformation results
jesiih b e A, n
. oy,
ErR) R /mm /mm /rad
B1 [+IV 180 10.53 1/17513 1/3038
B2 I+IV 128 7.27 1/2041 1/6649
B3 MI+1V 188 12.81 1/2094



B4 I+1v 164 8.56 1/2036
B5 MI+1vV 178 12.62 1/4000
B6 HI+1vV 132 5.96 1/1176
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Table 11 Building lateral inclination results

T AU |G|/ rad Opmo I Tad -
B1 I 1/611 1.33x10°%
B2 il 1/3571
B3 I 1/1155
B4 I 1/840 2,62X10%
B5 I 1/263 9.17X10%
B6 il 1/1567
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