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Proposal of the Development Direction on the Special Act on Underground
Safety Management for Preparation of the Proactive Underground Safety
Management System

gt H A Han, Yushik

Abstract

Sinkholes have occurred in various places around the world and concerns about public safety have been raised in
recent years. Particularly, a ground subsidence may occur due to a variety of conditions when developing underground
spaces. Ground subsidence refers to the sinking of the Earth’s surface caused by the loss of the soil constituting ground
due to a certain artificial cause in the ground. Ground subsidence is induced by artificial causes such as the leakage
of water supply/sewage pipes and groundwater disturbance, and it is different from a sinkhole, where the sinking of
the Earth’s surface is induced by the cavity formed due to the melting of limestone in the ground with limestone bedrock.
In recent underground development in the urban areas of Korea, damages to surrounding buildings have frequently led
to many difficulties with civil complaints and compensation issues, and the collapse of some buildings has resulted in
the loss of lives and property. Accordingly, the central government has legislated the Special Act on Underground Safety
Management, which will take effect from January 1, 2018. This law specifies an underground safety management
system for securing underground safety, under which underground safety impact assessment is performed for projects
involving underground excavation work that exceeds a certain size, and safety inspection is regularly performed for
underground facilities and the surrounding ground. In this study, the contents of the special act on underground safety
management are reviewed, and the direction of development of underground safety policy for preparing preemptive

underground safety management preparation and response system is suggested.
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(a) Sinkhole in Florida (snnkhole in the limestone)
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(b) Sinkhole in Guatemala (sinkhole in the ash layer)

Fig. 1. Case of ground sinking due to natural phenomenon

(a) Ground sinking due to aging water
drainage pipes

(b) Ground sinking due to tunnel digging

(c) Ground sinking due to excavation

Fig. 2. Case of ground sinking due to artificial factors (South Korea)
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Table 1. Classification of ground subsidence according to causal factors (source : Ministry of Land, Infrastructure and Transport Republic

of Korea)

Causal factors Total 2012 2013 2014 2015 2016
Total 4,549 723 898 858 1,036 833

Damage of sewer pine 3,068 638 801 485 564 555
¢ PP (67%) (88%) (89%) (57%) (54%) (67%)
Damage of water pipe 119 14 8 20 40 37
¢ PP (3%) (2%) (1%) (2%) (4%) (4%)
Improper of excavation 1,362 4 8 353 432 241
prop (30%) (10%) (10%) (41%) (42%) (29%)

SHE XoteM2e|MH OtAS I8t Xoterd 2|0 245t SE- LMUsF MAl 19



AAE AR AR AE A Feto skl Hak

EA7} ol RolX|A| Fate] EAAR et AP E
w9 e Ao Uepr,

S AR A AuEgeh Ae] e 29e A
2AF BER, T FRAC] B, A SRS}

of 9] ulg ol RS MBI Gk aFoIA =
St A2 2] BA A FREE A5

=, TA T Y5 weke] W2 Ak olF 5
o2 FHAR Zlﬂ# 20| FHste] gt Ayt
28} AbaL7y WSk A o2 e

Fotpte] =3t = —‘?—’é]*]%‘ o] o] o5t =
O QITh AR S AL S-S oA A

ol

F
=

3 =

= e 5.138228-0.09843x
T OoX y=330/(1+e
FEw |y ) /,

=] £
388 g5 [ RP=087

= *
Ty ,/.
338 20 =
o.2g ./ .
=R
5 Lo
w 09 15 *
=2

o X /
o 3E 10 -
;'UE /
) " ___(-/
00 -

0 10 20 30 40 50 60 70 80 90

Years used

Fig. 3. Ground subsidence according to years of use of sewage
pipes by year (Toshihiro YOKOTA et al., 2012)

18,000
16,000
12,000

8,000

4,000

0

Number of ground subsidence

04 14 " 24 " 34 44 " o4
Years used

Fig. 4. Number of ground subsidence for the next 50 years when
the sewer pipe is not Managemented (Tokyo, 2006)
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Table 2. Statistics of Waterworks (Ministry of Environment, 2017)

Years Total 2012~2016 2007 ~2011 2002 ~2006 1997~ 2001 ~1996
Length 203,859 38,852 42,430 32,397 26,990 63,190
(km) (100%) (19.1%) (20.8% (15.9%) (13.2%) (31.0%)

Table 3. Statistics of Sewerage (Ministry of Environment 2001; 2006; 2016)
Years Total 2011~2015 2006~2010 2001 ~2005 1996 ~2000 ~1995
Length 137,193 23,699 27,739 17,560 16,131 52,784
(km) (100%) (17.2%) (20.1%) (12.7%) (11.7%) (38.4%)
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Fig. 8. Schematic diagram of sinkhole occurrence due to aging conduits (Korea Rail Network Authority, 2014)
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Table 4. Weighting of controlling factors influence of hazard map (Al-Kouri et al., 2013)

Raster data type and it main classes Weighting Raster data type and it main classes Weighting
1) Sinkhole diameter 5) Water influence density map
0-2 1 Ponds
2-5 2 Rivers
5-10 3
>10 4
2) Road density map 6) soil type
Cross roads 1 Serdang—Kedah 1
T—junction 2 Holyrood—Lunas 2
Main road 3 Mined land 3
Urban area 4 Urban land 4
3)Avarage slope anagle 7) Geological map
>10 1 Sandstone and limestone--- act 2
10-25 2 Schist, salt with limestone 3
26—50 3 Limestone/marble
>50 4
4) Landuse vulnerability to sinkholes 8) Faults density map
Forest 1 Discountiued faults 1
Agriculture 2 Faults cross roads 2
Mining area 3 Faults cross water bodies 3
Urban area 4 Faults beside Granite 4
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