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A Study on Rapid Rescue Altemnative for Urban Collapse and Burial Areas
Using Horizontal Drilling Technologies
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Abstract

The overcrowding of the city has increased the number of underground faculties, such as
subway, underpass, underground public spaces, and so forth. Morever, a growing risk of
collapse has been observed due to deterioration of the facilities. The deeper urban underground
faculties were installed, the more limitations the traditional method using only traditional heavy
equipments faced in rescuing isolated victims rapidly and safely. In this study, a rapid rescue
technology based on horizontal drilling techniques was proposed to minimize the loss of human
lives and properties resulting from collapse and burial accidents.
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<Figure 1> Installation depth status of underground facilities (Seoul Development Institute, 2010)
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<Table 1> Cases of domestic and overseas collapse and burying accidents (National Emergency Management Agency, 2010)

Year
Dlg’%s;er o c%furr Place of accident Cause of accident Oarmage status
ence

The train was overturned due to the collapse of
railroad track during the excavation works of Fatalities: 78 people
underground tunnel crossing the railroad for Injuries: 196 people
underground line construction of KEPCO.

Train overtun in
1993 Gupo—dong,
Buk-gu, Busan

Fatalities: 502 people

Sampoong Injuries: 937 people
N The structure was collapsed due to faulty .
1995 Department Store in : ; : : (The last surviver was
Seoul construction works and impractical design changes. rescued in 17 days)
Missing: 6 people
Subway Explosions occurred and structure collapsed due to
1995 construction site in inflow of city gas caused by penetration of gas pipe Fatalities: 101 people
Sangin-dong, while excavation work at new Daegu Department Injuries: 202 people
Daegu Store building construction site.
Collapse Subway . I
2000 construction site in Temporary facility was pushed by earth pressure and Fatalities: 3 people
Namsan-dong, the ground was collapsed during excavation work. Injury: 1 person
Jung-gu, Daegu
L . : . All 33 buried people
2010 San JOCSﬁH gﬂme in The mid section o;xr&g;owngs collapsed due to rescued (Rescue period -
" 69 cays)
014 Gold mine in The ground was collapsed during drilling operation FMelléasJi|rt]|e§138 pegp}g
Colombia for mining g- U peop
(All 30 people buried)
‘ i f X Fatalities:1 23201 pe?p\ez dea(é
o Explosions occurred due to fire at the power Rescue: people (Burie
2014 Coal mine in Turkey distributor inside the coal mine. mine workers rescued)
Escape: 363 people
Umyeonsan Fatalities: 16 people
2014 mountain in Landslide occurred due to localized heawy rain. (1 éﬂﬁé’gs' ?;oge?epslgued
Seocho-gu, Seoul ea pe
Burying ' in 20 hours)
) q Fatalities: approximately
Badakshan, Landslide occurred due to heavy rain
2014 Afghanistan and flood 2700 people

Missing: over 2100 people
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Miners’ conditions

underground
Plan A
rescue
Plan B shaft
Plan C jagcye e

rescle ghaft ]
&,

Mine s /__J/ ‘;

entrance

Surface

Main shaft

The gold and copper
mine was drilled in a
deep spiral with an e
average grade of 10%.

I—Delivery shafts
Racket-shaped capsules
deliver food, medicine and
other supplies to the miners
through six inch boreholes,

Roof collapse
Two parts of this
section of the shaft

(a) Machine equipment used for emergency g ls S,
. Tapping the miners.
excavation

164

"\
e i
workbench Ay
L -
-l B o

Workshop A

Situated several levels above
—the shelter, this space was
used by the miners as a
secondary living space.

LR R

Schematic of
the Fénix 2
rescue capsule

Securiy
Ventilation—. dotma—
foad

2,230 ft

Room to wander * Main shelter

The men have about a The miners’ main shelter was

half-mile stretch of shaft carved into rock and covered

outside the shelter where by & protective metal mesh.

they can walk around. Itwas stocked with seats and
hasic emergency equipment but
only a three day supply of food.

Schematic showing the situation during the drilling of
the rescue shafts and the conditions that faced the miners

(b) Capsule for rescuing human life (c) Rescue scenario of mine collapse accident in Chile

<Figure 2> Equipment and Rescue scenario used in field rescue for mine collapse accident in Chile (Jennings, 2012)
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(b) Relief method using horizontal excavation (Use adjacent buildings and vertical holes)

<Figure 3> Outline of life relief using horizontal excavation technology
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Details
- Mine accident in Chile (700mm)
- Considered the work space of rescue
rock
- Reinforced concrete
wall on collapsed area: Removed by rescue
radius

experts
- Distance to the adjacent structure in

expert manpower
- Considered the access to the underground
parking lot of the building and operating
- Minimize ground vibration

downtown area : Up to 50m
- below 20m at downtown area: Weathered

Requirements
Over 900mm
Over 50m
Soil~bedrock
excavation

2.1~2.4m
Low vibration

h

<Table 3> Requirements for horizontal excavation technology
Return to the advance base after

[tem
Diameter
Extension

Excavation ground
Arrival base
Size of equipment
Influence to the
surrounding area
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<Table 4> Review of Applicability of horizontal excavation technology

Classification Jacking method Semi—Shield method Horizontal Directional Drilling
(steel pipe injection) (Micro—tunneling) (T4)
-2
Photo
Diameter (mm) 400~1,400 300~1,200 400~1,200
Bedrock
(Herd rock) 0.5~1 5~20 20~30
£ i Bedrock
xeavaltion - \weathered 2~5 10~30 20~30
speed rock)
(m/day) Soi 10~20 10~30 20~30
Cobble o5 10~25 20~30
Stone
_Zssas\l/te)llt‘ieon ;grt bsugg;rt i tshe —Fast excavation speed —Fast excavation speed
Advantage —Possible o resypon d ?Iepfibly -Secure safety by following —Possible to move and install
according to ground conditions size] dlpzs ST (S
. it takes a long fime to move —Surround]ng ground disturbance
Disadvantage -The excavation speed s and install eauioment due to vibration
g reduced when bedrock appears —Scarcity in equipment —Less construction record  of
Y In equip large diameter (1,000mm)
V. 48
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