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Study on Improvement Plan of System through Analysis of Ground Sink Accidents
- Focused on the management of underground facilities and their surrounding ground -
Kim, Dong-jin" - Lee, Jong-keun - Kim, Hong-kyoon - No, Tae-kil

Ground Safety Division, Korea Authority of Land & Infrastructure Safety

Abstract : The purpose of this study is to propose a system improvement plan to prevent ground sinking accidents. To

do this, follow the procedure below. First, it defines terms that are used interchangeably, such as ground subsidence
and ground depression. Second, analysis of the current status and cause of ground sink, and the analysis of the correlation
between rainfall and ground sink causes, derives priority management causes. Third, we propose a system improvement
plan for the cause of priority management. As a result, damage to underground pipes and inadequate underground works
were identified as the cause of priority management, and two system improvement plans to manage them were proposed.
The results of this study can be used as basic data for improving the system for more effective prevention of underground
sink in the future.
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Table 1. Organisation of the main contents of the Under-
ground Safety Act

Sortation Contents
National Underground Safety Management Basic Plan
Plan City/Provinces underground safety management plan

City/County/District underground safety management plan

Safety Management of Underground Development

Evaluation Safety Management of Underground Facilities and
Surrounding Ground
Underground Safety Information System
System

Underground Space Integration Map
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Table 2. Summary of related terms
(Ministry of Land, Infrastructure and Transport)

Table 4. Current status of ground sink accidents by cause
of occurrence

Terms Definition Ex. Pic. By Cause Total |2014|2015| 201 | 2017 | 2018|2019
A phenomenon in which the natural Total 1,319 | 69 | 186 | 255 | 279 | 338 | 192
soft ground or the artificially formed Water Pipe Damage | 222 31 53 | 53 | 41 36 3
Ground ground that is not sufficiently com- -
sortlomant pacted in a large area or a certain Sewer Pipe Damage | 550 21 60 | 88 | 143 | 140 | 98
section due to various natural or Other Burial Damage | 37 1 4 9 5 14
artificial factors gradually sinks for a Poor Excavation Work | 62 5 13 19 13 6
long time 5
oor
It is an academic term for a pheno- : ) 200 | 10 | 18 | 44 | 41 | 68 | 19
C tion(Backfill
Ground menon in which the surface of the ompaction(Backfil
sink earth collapses and sinks due to Poor Work on Water | o |22l 7 2 9 | 3
various factors. and Sewage Pipes
A phenomenon in which the lower Other Burial Work 24 - ! 3 ! 10 9
ground is lost due to the chemical Other 181 1 15 | 32 | 33 | 55 | 45
effects of groundwater and surface
Sinkhole water, such as limestone, gypsum,
and rock salt, and collapses into a HISE2 Al Gl 71O3F0| AbbbH B
funnel or cylindrical shape to the 3.2 X|2kelE Al & 33l JHEA =4
surface layer. CFig. 2% 2014304 20198974<) AIEH A|RKEHE: Alar
A phenomenon in which a small hole 9]_ 70].5;30]:2 AdPHFoF ;S];_qg—]_ﬂq_. ;Q%i:-?— 7]{].0\_] 7~8<Y
Pot hole is formed due to the road pavement _ s o . _
peeling off due to rainwater inflow of AiehEo] Ikl $716~8Yell oF 41%2] AHshE
o the roed pavement Ah HEEE & glom ANkEos ANk By

Table 3. Current status of ground sink accidents by region

By Province Total | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019
Total 1,319] 69 | 186 | 255 | 279 | 338 | 192
Gyeonggi—do 285 | 17 56 61 19 79 53
Gangwon-do 207 | 30 | 33 53 | 45 | 41 5
Seoul 148 | 5 33 | 57 | 23 17 | 13
Chungcheongbuk—-do | 126 1 3 1 55 60 6
Busan 87 9 8 5 20 | 30 15
Daejeon 84 0 6 18 | 36 4 20
Gyeongsangnam-do | 83 0 14 17 10 10 | 32
Gwangju 80 1 3 15 | 13 | 28 | 20
Incheon 40 2 6 2 12 10 8
Jeollanam-do 32 0 7 1 8 1 5
Jeollabuk-do 30 0 6 10 3 5 6
Ulsan 27 3 3 6 8 6 1
Gyeongsangbuk—do 26 0 1 1 1 22 1
Daegu 24 0 2 2 12 5 3
Chungcheongnam-do | 18 1 2 3 8 3 1
Jeju 14 0 3 0 5 4 2
Sejong 8 0 0 3 1 3 1
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Table 5. Results of correlation analysis between average
monthly Precipitation and 8 major causes

Correlation
Variables(major causes) 1.Monthly average
precipitation(mm)
1. Monthly average precipitation(mm) 1
2. Monthly ground sink(case) .806**
3. Monthly Water Pipe Damage(case) 716%*
4. Monthly Sewer Pipe Damage(case) 781%*
5. Monthly Other Burial Damage(case) .593*
6. Monthly Poor Excavation Work(case) 411
7. Monthly Poor Compaction(Backfill)(case) .686*
8. Monthly Poor Work on Water and Sewage v
Pipes(case) 901
9. Monthly Other Burial Work(case) 513
10. Monthly Other(case) .588*

*p<0.05, **p{0.01
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EE Ground collapse(case) 31 39 120 132 143 150 228 160 98 84 66 68
—— Average of Precipitation (mm) 17 32 57 108 70 96 222 203 138 121 57 34

Fig. 2 The number of ground sink accidents and monthly average precipitation (2014~2019)

3.3 20204 E=5<7 | I|Hf§,|'§ klu_l_ 5igt ol 210] Table 8. Evaluation to derive intensive management fields
AT = 5 EXO Result of | Result of | Result of | Points

R g e Water Pipe Damage 16.8%(2) | .716(3) - 3(3)
2 %ﬁ}@] “F@U]' 1974«] A4 @‘E *}iﬂ W= Sewer Pipe Damage | 41.7%(1) | .781(2) | 52.6%(1) | 14(1)
<Table 6>} Zo] 35}k Ol4ther Burial Damage | 2.8%(7) | .593(5) - 3(6)
AZ7FS- 717101 7~8ol] WSt 19A49] A|ulshE Al Poor Excavation Work | 4.7%((5) | .411(8) - 3(6)
75]'1‘“‘\’_]' f_Jb]’O] 52.6%, U]—@,(Quﬂ—rﬂ E%hj] 3L6%2 =9 Poor Compaction(Backfill) | 15.2%(3) | .686(4) | 31.6%(2) 9(2)
Aelo sietsIgIEkTable T, " Soven Ppes | 33O | 00 | - |
Other Burial Work 1.8%(@8) | .513(7) - 3(6)

Table 6. Status of ground sink accidents during intensive Other 13.7%@) | .583(6) | 15.8%(3) | 6(9)

rainfall in 2020 % Rank(1)=5points, Rank(2)=4points, Rank(3)=3points, Rank(4)=2points,
Rank(5~8)=1point

By region Total Jul. Aug.
Total 19 6 13 1) Current status of ground sink accidents by cause of occurrence
B 2) Results of correlation analysis between average monthly Precipitation
Seoul 3 3 )
and 8 major causes
Busan 4 3 1 3) Status of ground sink accidents by cause from July to August in 2020
Incheon 1 - 1
Gwangju 3 - 3 o _ _ s
Gyeonggi-do 1 - 1 At s == feld oA 39 2014
Gangwon-do 2 1 1 ~2019139] AwkskE Alar §3F EXA3(Tabled)2} 613712
Chungcheongnam—do 2 - 2 bzl 714':31;_4 o X]‘ﬂ'sul‘% /\]_ L L_‘ J,](Table 5.
Jeollabuk-do 1 1 - _
e 20208 FEeer] AN Alare] dlTable 7)
Gyeongsangnam-do 1 - 1
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Table 7. Status of ground sink accidents by cause from = gos L o] AL
July to August in 2020 “Jr FHolelact J8la I 3 AeEe]
Total Jul. Aug. 7\:]% %ﬂrﬁl T':O = 4—%3}%]\‘4

Total 19 6 13 1 23, FHessr] Pshs ANRMES o] Ho}

Sewer Pipe Damage(case) 10 4 6 of ST w147, 159D, tHREHWS7DER9F,
Poor Compaction(Backfill)(case) 6 2 4 _/,:,?4) /\V*l:_ﬂ} ﬁ].zb(gx-l 33,:%) 11“4 1 /x]—o]_r_c Eul _1_;\]_

Other(case) E - E PUTH, 459D 0= AU Aol =@k

Journal of Korea Institute of Construction Safety, Vol.3, No.1, 2020 2]



3.4 Zi=ae| |olo] Afsist 2l Ol 2 24 Table 12 Accident status by scale of damage

A=) Bolo that Jsi= 5@_‘% lekslr] 95k Scale of 1.Damage to Underground pipe | 2. Poor construction work
frAbgdo] Qe ok AR &, A FAE OF Damage Av(erﬁ%’ea Ave'(n'?)epth ar:av(?@ Deﬁ:ﬁ('m)
HKTalbe Pl IPRIE OIFE, F7E, AFEZ 723} Large 115 18 134.9 04
of F7} 242 NS Vedum | 1.1 09 - -

Small 1.2 1.0 1.2 0.8
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By Cause Grouping QR Y o H b S SIg B Z]'}‘ﬂ—@' b
Water Pipe Damage Damage to underground o] HEH ARl vido] asitt ol¢h HEY HE
Sewer Pipe Damage facilities 2020 7€ FERe} AT TEjal J=ANkE
Poor Compaction(Backfill) Poor construction work i:]'_il7‘|_ _g__%_od?_% %3}04 U]-%E:ﬂ- ‘47(]5‘ ‘l_;d%]%k%}ﬂ_ Tz

Poor Work on Water and Sewage Pipes
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In the case of ground sink of more than 4 square
meters in area or 2 meters in depth, or 3 or more
people injured vaz hex s

Large—scale
damage

In case of ground sink of more than 1 square
meter in area or 1 meter in depth, and in case of

Arig

Medium-scale

damage =
personal Injury 489 Bl Y ES
. A9 8 9B BAe
lin case of ground sink of more than 1 square ke
Small-scale . )
meter in area or 1 meter in depth, and no personal 5 RS SR e e s
damage 19 AdAeln AU AAL AT AAAY R FHA

injury K

Table 11. Accident status by scale of damage

Scale of Damage -
Group - 7\vﬂ‘\é R 8 F ARNLES FEASY 4 %
Total | Large |Medium| Small A
1. Damage to Underground pipe | 772 | 290 4 478 = wu g
damage 100% | 37.6% | 0.5% | 61.9% Xslobe Alsin=| [HE 1] X[SIoHHH Alsinx| [HE 3]
9 Poor construction work 243 1270 (3 ”i Fig. 3. Appendix 1 and 3 of the Enforcement Regulations of
100% | 52.3% | 0% | 47.7% Special Act on Underground Safety Management
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