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ABSTRACT : Ground subsidence mainly occurs in urban areas with high population density, so it is necessary to clearly identify
the cause of occurrence and prepare in advance. The main cause of ground subsidence is reported to be the creation of cavities in
the ground due to damage to underground pipes, but the property information and influencing factors of underground pipes to predict
and prepare for ground subsidence are not properly established. Therefore, in this study, factors showing a significant correlation with
the occurrence of ground subsidence were selected among the underground facility property information and a regression equation
was proposed through logistic regression analysis. For this purpose, data on underground structures and ground subsidence history
information in the target area were collected, and the target area was divided into girds of 100m x 100m in size using QGIS. The
underground facility attribute information and ground subsidence history information contained within the gird were extracted. Then,
preprocessing was performed to construct a dataset and correlation analysis was performed. As a result, factors excluding the year
of sewer pipes and communication pipes and the average depth of communication pipes, heat pipes, and gas pipes were found to
have a significant correlation with ground subsidence. In addition, a regression equation for whether ground subsidence occurred in
the target area is proposed through logistic regression analysis.

Keywords : Ground subsidence, Underground facilities, Influential factor, Correlation analysis
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Table 1, Data list
Category Item
Gird Grid Number
. Number of ground subsidence
Ground Subsidence - -
Occurrence of ground subsidence
Diameter
Water supply pipeline Burial Depth
Year
Diameter
Sewer pipeline Burial Depth
Year
Underground power Diameter
Wi
distribﬁtion pif)eline Burial Depth
Year
Diameter
Communication pipeline Burial Depth
Year
Diameter
District heating pipeline Burial Depth
Year
Diameter
Gas pipeline Burial Depth
Year
Total Density Total Density




Table 2. Data descriptive statistics

Category MIN MAX M SD
W | | Diameter 15.00 | 2400.00 | 318.77 | 417.83
ater SUPDLY g ial Depth | 0.10 | 25.00 | 144 | 076
pipeline
Year 1.00 | 68.00 | 28.18 | 11.05
s Diameter | 150.00 | 3000.00 | 609.45 | 231.36
W ['Burial Depth | 0.02 | 21.55 | 127 1.03
pipeline
Year 200 | 77.00 | 4092 | 27.30
Underground |  Diameter 50.00 | 300.00 | 164.72 | 27.12
power .
distribution Burial Depth 0.10 11.00 1.14 0.50
c i Diameter 1.00 | 1000.00 | 92.16 | 1851
OMMUMCAl 'y ial Depth | 0.20 | 1500.00 | 242 | 39.30
on pipeline
Year 1.00 | 63.00 | 29.51 | 11.48
District Diameter | 20.00 | 1100.00 | 322.17 | 230.68
heating Burial Depth | 0.50 6.70 1.48 0.28
pipeline Year 2.00 3800 | 20.81 | 10.10
Diameter | 20.00 | 750.00 | 162.62 | 93.78
Gas pipeline | Burial Depth | 0.10 6.50 1.10 0.50
Year 1.00 | 49.00 | 2528 | 899
Total Density | Total Density | 0.00 0.25 0.09 0.05

Table 3. Results of independent variable t test
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719 7HFE e o YWiE %3’%6} 2| &} A &0
dol& dsto] o] HAS Uw ez AEsielrh

me e

Pipeline Ground subsidence Ave SD t
Non O 306.42 420.86
Diameter Ogcc:ri:: = 389.05 392.86 14287
Water supply Burial Depth NOSCSJ;ES::W ijg 8:1) -4.36%%*
Non O« 27.77 10.79
Non O« 604.26 231.02
Diameter [ 641.33 23091 R
Sewer Burial Depth NO&S;‘;E:::W i?g (1):(7)2 13.99%%+
Year Non Occurrence 40.99 27.54 118
Occurrence 40.54 25.85
Non O 163.70 27.50
Diameter Occumence 168.59 2525 oo
R BT L T =
Non O« 11.31 7.45
Year Ogcc:rcrl;::: = 12.98 8.26 T3
Non O« 91.52 17.69
Diameter Oocurence 95.46 21.97 60T
Communication Burial Depth Nogc(zjriz:f:w 523441& ?;?2 -47
Year Non Occurrence 29.50 11.46 35
Occurrence 29.56 11.54
Non O 315.55 230.18
Diameter Oocumence 367.98 229.13 60T
District heating Burial Depth Nogc(zlf:rg:::ce 133 giz 46
Non O« 20.96 10.06
Year Oocurence 19.81 1031 278
Non O« 157.35 90.65
Diameter Ogccgrcrz:ce: = 192.10 104.89 22637
T T e ——
Non O 24.92 9.03
Year Oocumence 2731 8.49 e
Toil Densiy e 013 0i 7903008
* p<0.05, ** p<0.01, *** p<0.001
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Table 4. Result of pearson correlation analysis

Algke] o4

Category Ground Subsidence
Water supply Diameter 071%**
Water supply Burial Depth 023 ***
Water supply Year .088***
Sewer Diameter 056%**
Sewer Burial Depth -.058%**
Sewer Year -.006
Power distribution Diameter L073%**
Power distribution Burial Depth -.044%**
Power distribution Year 084x**
Communication Diameter L079%**
Communication Burial Depth .006
Communication Year .002
District heating Diameter Q75%**
District heating Burial Depth -.006
District heating Year -.038**
Gas Diameter A33%E*
Gas Burial Depth 018
Gas Year .096%**
Total Density 240%**

5 0,01, *** p<0.001
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Table 5. Results of logistic regression analysis (1) 54t 44 2 Pearson AAZEAS E3) OOAY
Catego B SE | Wald | EXP (B AshdE SA44Ee ARk ATk SA4 {9
gory (B) p
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T SUPPY 1 0.000593 | 0.001 | 1.196 | 1.001 | 0274 9= Spelsh A, of =g, Sl A
Dlameter %9 e, G jage) ES A eld
Water supply _ _ _ _
Burial Depth -0.224974 | 0.626 | 0.129 0.799 0.720 A HE 7L A dhlo)] 8-ou|gt ok ujx=
o2 et
Wate; SUPPY | 0 015482 | 0.016 | 0925 | 1016 | 0336 e HERT
il (2) Pearson 24 A3}, 65 At dES] EHET} A
Sewer Diameter | -0.000055 | 0.001 | 0.004 | 1.000 | 0.949 _ )
e NESHE Whe] 7V 2 S AL QAR vehe
cewer
Burial Depth | - 0001o> | O-190 ] 0.094 ) 0543 ) 0759 o, iRl Aelu s &R A4 B
Sewer Year | 0.010026 | 0.010 | 1.095 1.010 0.295 B
Power (3) BEXAH IHEA A3, AuiegE BA o Rl folgt
distribution | 0.004259 | 0.008 | 0322 | 1.004 | 0.571 R el _
Diameter e e ABliAE A3 RE 7agke] 3
Power 71t 6% At dES] WHER YETh E3 F <
distribution -0.013856 | 0.578 | 0.001 0.986 0.981 Z}% %}%—5]_0:1 EH/}D]'X]O_%_O,] X]‘i‘l'@'% %@E‘% Oﬂ‘é‘ 7]_
Burial Depth o -
1. =< = =]
Power e 2AAY IS E=ESHAITH
distribution | 0.007285 | 0.033 | 0.048 | 1.007 | 0.826
Year B ol Z]slm AR AW ol WA E L 2 ulEHE
- U o == = 070 =2 o=
Communication
2] 5EO Flol= 5 = 5
H : . ° . - = oo= &= ] I_EIEHE o o U g'—!l__
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C cati 317] YJ5te] EAIZ AL =35k EHEHSst AR 9
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District heat I’]—E]‘ME]' ]‘_: =1 W= 1N T 8=
St NEANE | 0.029562 | 0.022 | 1.812 | 1.030 | 0178 . - |
Year k= 71Ed7e g Aot E3L SE¥aet A%
; " -
Gas Diameter 0003599 0002 3999 1004 0046 ‘:7% Pearson /2)]_1{:]'?/51 Zgl-q_’ EHE“—E'CO X] S}UHQ% v/-‘?_/g;gi
Gas - -
Burial Deptn | 056728 | 0554 | 0.010 | 108 | 0918 7} AukehEgl S.ou]et A S Kol o2 ettt
Gas Year | 0.011118 | 0.020 | 0.318 | 1.011 0.573 wtebA] XetujAdE S44HE 9 UL HolEE 7AgE
Total Density | 9.827853 | 4.360 | 5.081 | 18,543.096 | 0.024* O EARAN = ojokst 7]Hof| et =0 Al o]
- ok - - - -
Constant 8.529164 | 2.935 | 8.446 0.000 0.004 AEFHE 9F L o=o] 713 Aow stH)
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182.098% 7.783 (p>0.05) 0.282
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