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USE OF UNDERGROUND SPACE IN SEOUL
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Use of Underground Space in Seoul
and its Foreseeable Future
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Korea, no longer
the land of morning calm

The land of
morning calm
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Korea, no longer
the land of morning calm

The land of
morning calm

. D‘ifnamic
I\ORE A~
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Population growth in Seoul

20% of
total population
Population
(million) | |
12 1 Seoul 10,300,000
@
10 - /\/\
° -// __‘=
—e
6 | London
New York
4 - Tokyo
2 -
U L L] L] ] L}
1900 1920 1940 1960 1980 2000
Year
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Population density of Seoul

Area of Seoul : 605km?
— (0.6% of total area

Are 27km?
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Population density of Seoul

4
. PODUIation denSity . @ non-residential areas (224km?, 37%)
27,548 per sons/km? () residential areas (381km?, 63%)
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Growth of population in Seoul and
the economic growth of Korea

Population

(million)

Settlement of
12 Y . 10.6
the industrial
10 complexes

1

10.3 10.5

o S ] E = D o

1960 1970 1980 1990 2000 2010
Year

=) Guro industrial complex(1965)

=) Yeongdeungpo industrial
complex(1973)
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Growth of population in Seoul and
the economic growth of Korea

Population T T — GDPof KOREA
(million) (USD)
12 Settlement of 10.6 24,000

the industrial 103 105 20,590
10 complexes 20,000

16,000 Opening of the Seoul
Subway Line 1 (1974)

12,000

8,000 l 6,310

4,000
80 260 1,69

S ] E = D o

1960 1970 1980 1990 2000 2010 0 1960 1970 1980 1990 2000 2010
Year Year
=) Guro industrial complex(1965) GDPin 2011 : USD 23,800
=) Yeongdeungpo industrial
complex(1973)
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Area expansion of Seoul(as of 1900s)

* Seoul wall, 1880

* Seoul boundaries, 1777

) Area: 17I7<m2 »
as of 1900°s
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Area expansion of Seoul(as of 1944)

(@ Han River railway Br, 1920 (3@ Jong street, 1930




Area expansion of Seoul(as of 1949)

* Outbreak of the Korean War, 1950

-

IR, 5

ﬁArea : 268km2ﬁ
as of 1949

* The joy of independence, 19 * Ceasefire of the Korean War, 1953
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Area expansion of Seoul(as of 1963)

* City Hall, 1955 * Jong street, 1960

i

Area expansion

Area(km?)

800
" Area : 605km” 600 -
as of 1963
400 268
* 17km? (1900) — 605km?*(1963) : 24 i 136
30 times in sixty vears
J o 1900 1944 1949 1963
Year

* Population of Seoul in 1963 :
3,254,630 persons
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Number of inhabitants in
Seoul conurbation
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Number of inhabitants in
Seoul conurbation

- 46% of
= total population
AN | Populatuion l
‘ ! (million)

25 - 22 =

/ o=
20 -
15
10 1
5 4

Seoul 20 30 40 50

Distance from the Centre of
Seoul City (km)

* 10 million in Seoul
13 million in 16 satellite cities
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Mountains, hills and rivers within
the city boundaries

- Hilly landscapes
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Mountains, hills and rivers within
the city boundaries

- Hilly landscapes

Han River §

* Seoul area is divided
into two parts by the Han River
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Mountains, hills and rivers within
the city boundaries
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Close-up view of waterway of Han River
(1915 before development)
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Close-up view of waterway of Han River
(1985 after development)

l*—

12/44 O wirczoiz



Landscapes along the Han River

Yeouido area Hannam-dong area

1915

1985
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Bedrock formations

* Granite is dominant
in the northern and
the southern areas

Qd  quartz porphyry

- biotite granite

o . EngPeon banded biotite gneiss
* Gneiss is dominant in % A s T pe—
the east-west direction T N JEERGRIN 1 scocratc gneis
along the Han River

13/44 O wirczoiz

‘PEms  Mica schist

- granite gneiss



Formations of sedimentary deposits

* Areas of the Han River
and its tributaries are
covered with
the alluvial
deposits

13/44 O wirczoiz



Typical profiles of the subsurface

* Bedrock formations are generally
covered with weathered zones
and fills or alluvium on top of them

120

100 ) | fills or alluvium
fills or alluviumy / \ -

100 we-t-hered SOl

_vieathierad/5oll weat-herévoek

weathered Jiock
Seoul subway line 9
seatgang - heukseok)
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Urban lives and transportation problems

"Heavy concentration of the
population in a small area

Populatuion
(million)
25 -
o
20 7 ’.
fiem Population Proportion 15
(million) (%0) 10 - 10/
« ~ 5 -‘
Total 50 100
0
Seoul 10 20 Seoul 20
_ Seoul 5 . Distance from the Centre of
Conurbation 23 46 Seoul City (km)
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Urban lives and transportation problems
(‘rovv ded people |

Populatuion
(million)
25 | 23

20 | ', °/.
15 -

o 10/

5 -

0

Seoul 20

Distance from the Centre of
Seoul City (km)
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Surface solutions for
urban transportation problems

— upto 1960s

(— up to 1960 |
| = upto1970s |

* Widening of existing roads and * New road construction above
extension of road networks the stream

15/44 O wirczoiz



Road networks(up to 1960)

* Namdaemun(1910)

Item Accumulated L(km)

up to 1960 1,337

¢ Roads wider than 4m in width

16/44 O wirczoiz



Road networks(up to 1970)

Item Accumulated L(km)

up to 1960 1.337
up to 1970 3.367

* Gwanghwamun street(1965)

¢ Roads wider than 4m in width

* Jong street(1963)

6 WI1c2012



Road networks(up to 1980)

Item Accumulated L(km)

up to 1960 1,337
up to 1970 3.367
up to 1980 6,556

| RS =8
a7 T - e,

6 WI1c2012




Road networks(up to 2010)

Length(km 49

Item Accumulated L(km) ol 8,142
8,000
up to 1960 1,337 6,000
up to 1970 3.367 4,000

up to 1980 6,556
up to 2010 8,142

2,000

1960 1970 1980 1990 2010
Year

¢ Roads wider than 4m in width

%, L
‘Il © City Hall(2010)
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Road tunnels in Seoul

1 T. sapaesan Accumulated Length
o@(\\‘ .¢\ uijeongbu city of Tunnels (km)
S T. suraksan 50
goyangcty <-4 'Q.J. buramsan
0‘---p‘---- & ~ 40
s , 30
’ 20
gimpo city "' Q@’."ls'l . 10 2
7~ T. gaehwa- S, ) AN
: N T naméant 23 T.geumho 7 | 1 19705 19805 19905 20005 '
. 0 ¥ Number of
a2 +* »  Tunnels (No.)
:' hanam city 80- 4 X
40-
anyang ity | T gwacheon 20-
*, 90/79 RSP seongnam city
\ P o= 0 Year
. pots W T. uiwang 1970s 1980s 1990s 2000s

«
.--l"
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Underground solutions for
urban transportation problems

Opening the era of
underground space

Opening ceremony of the N
Seoul Subway Line 1, 1974

18/44 O wrczoiz



Phase 1 Seoul subway networks

Line Construction Length (km)
No. Period (vear) Total Underground

M) 1971~1974 9.5 9.5
2) 1978~1984 573  38.1
1980~1985  41.6  36.2

1) 1980~1985  34.6

()
P
[

Subtotal 143.0 111.0
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Phase II Seoul subway networks

Line Construction Length (km)
No. Period (vear) Total Underground

(5) 1990~1996 579 573
(6) 1994~2000 36.1  35.8
1990~2000 456  43.6

1990~1999 19.7 18.2

Subtotal 159.3 1549

19/44 O wrczoiz



Phase I Seoul subway networks

Line Construction Length (km)
No. Period (vear) Total Underground

2002~2009 27.0 234
2008~2013 4.5 4.5

1990~2010 9.8 9.8
2008~2013 6.6 6.6

sB - 2005~2011 9.1 9.1

Subtotal 57.0 53.4

19/44 O wrczoiz



Present Seoul subway networks

Length  Percent

‘ (ij Item (km) (%)
\ o Total 359.3 100
' , Underground 319.3 89
(6) ‘__Qo 7 £ Aboveground  40.0 11
Nt
a / 2’ 1,6 Above ground
@4’ \/» (9 11% :
oV 5 \ (8) \ 0
\ G
)
"/ Underground
- 89%

* Volume of underground space > 30,000,000 m?
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Construction methods and
cover depths of the Seoul subways

1970 1980 1990 2000 2010 2020
L ! » Year
Phase | Seoul Metro
EIE-EI! SMRT

Phase Various
Line 9
LineB
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Construction methods and
cover depths of the Seoul subways

1970 1980 1990 2000 2010 2020
‘ : ‘ > Year
Phase | Seoul Metro d”'(IZ%”go/bo')aSt
'

cut and cover
y. (73.5%)

Lin

: Phase i SMRT:
O st
cut and cover
(49.5%)

(5T ?gj) — D drill and blast Phase 1l — Various
cut an;l cz)ver i LineB
(35.0%)
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Construction methods and
cover depths of the Seoul subways

1970 1980 1990 2000 2010 2020 Y
‘ ‘ > Year
drill and blast
Phgsel Seoul Metro r|(26.5%) Tunnel Depth
GL-) Phasel Phasell Phaselll
0
/ cut and cover P 14m 18m 17m
P (735%)
: 40 36m
- Phase |1, SMRT
TBM _drill and blast . 60
(1.2%)" - (49.3%) _
2 78m
cut and cover o average o1
(49.5%) 100, B maximum &

(m)

TBM -
— | drill and blast
(34.20) (59.9%)
cut and cover-
(35.0%)
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Typical configurations of subwa
stations (Phase I

Major concerns : getting on or off functions
simple and minimum space

21/44 O wrczoiz



Typical configurations of subwa
stations (Phase II &I

Major concerns : multi-functional, comfortable
convenient and easy access

21/44 O wirczoiz



Typical configurations of subwa
stations (Phase II &I

- Major concerns : multi-functional, comfortable
convenient and easy access

Concourse

21/44 O wirczoiz



Typical configurations of subwa
stations (Phase II &I

- Major concerns : multi-functional, comfortable
convenient and easy access

Cultural space

21/44 O wirczoiz



Typical configurations of subwa
stations (Phase II &I

- Major concerns : multi-functional, comfortable
convenient and easy access

Shopping mall

21/44 O wirczoiz



Transportation modes and
the shares of passenger loads

Passengers
(thousand/day)

[y

40,000 - 28820

31,948
29,681 21,004

27,800

24,658
21,681

30,000 -

20,000 - 17,349
13,084

10,000 -

0 » Year
1975 1980 1985 1990 1995 2000 2005 2010 2025
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Transportation modes and
the shares of passenger loads

Passengers
(thousand/day)
A
Transportation Modes : @ subway @& bus & automobile nothers ‘
40,000 - v .
(in percentage)
T\
30,000 | l l
' | I | D
l - 35< I 35‘ l = 0
29 35) I |
20,000 - - - . ; =1 | |
3] | | = 27, | 28 =) 4
: | | 42 30 26 ; ' | 13%
] | 60 43 oAy N | | iy | = W
10,000 1 & } - i | I
| - 27 35 34 3l on | R 29%
3 I |
27, ' ‘ ) ; s,
0 1= — , ' — ' Year
1975 1980 1985 1990 1995 2000 2005 | 2010 | 2025
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Layouts of underground malls(1)

Linear configurations on the subway structure
beneath the road

! | T # Underground
sty mall

+—Line 2

L[ 1]

c
=1
(2)

Underground mall

6 WI1c2012



Layouts of underground malls(2)

' Individual malls are connected together to provide
more convenient and comfortable underground spaces

euljirg mall

| |

23/44 O wirczoiz



Layouts of underground malls(2)

* Individual malls are connected together to provide
more convenient and comfortable underground spaces

euljird

23/44

namdaemun 3-ga
mall

seoul plaza mall
(extended)

sogong mall
Taepyeongno (extended)

myeong-dong.mall
mall

(extended)

namdaemun 2-ga mall

Sungnyemun mall”

6 WI1c2012



Layouts of underground malls(3)

Developments of the underground space |
increased tremendously in size | [

x
.

Passageway _ \ ‘
-"-' L3 2 ‘

Coex mall

24/44 - O wiczo1z



Irends of underground space
developments in Seoul

@ above ground development

=

@ more green area on the surface

green area

.88, Q;;‘;@»

= J 6!4*

- ap -
- -
- - -
-y -

space for future development

@ underground development in early stage

-

- T -
- - - -
- - - -
- - -

<«— subway

J

T— underground parking lot

® expansion of underground space use

- - - - -

-_L W ¥ _ ¥ - _ - L e P 4
|

<—1 subway

- - o - - - |

25/44
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Experlence
%)n Creating \?
ground
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‘Two-arch station tunnels

Constructed beneath the underground shopping center

Length of two arched tunnel : 167.5m

weathered rock
3.7 24.2 3.7
I | underground shopping center:| I

r3.2 6.0m || 5.0 || 6.0 |l3.

platform

* Myeongdong station
Seoul Subway Line 4

27/44 O wirczoiz



Technical solutions

* The central part was excavated first and columns were constructed
before the remaining excavation

1. center galleryhtop 2. center gallery bench 3. column, upper and 4. left funnel fop

satee

9. invert concrete lining 10 concrefe lining 11. platform and

eading excavation lower girder installation heading

¥

mzzzzzai?

5. right tunnel fog 6. left tunnel bench 7. right tunnel bench 8. removal of tempora
eading

excavation excavation suppo

WO” & CfOWﬂ) ﬁnishing

28/44
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Three-arch station tunnels

Constructed beneath the 20-storey building

\
Minimum distance from building basement
to tunnel : 5.5m
Length of three-arch tunnel :
128.8m
, (i g-ﬁ" il EA E Daehanjeonsun l
Sbovethe Tummel  Caostorepyt 1 | Bl 2 sty Bl

) weathered
rock

e Hoehyeon station
Seoul Subway Line 4

29/44 O wrczoiz



Technical solutions

* Side tunnelling with sequential excavations and heavy support
* Whole section made by the excavation of the central part
* Bench lengths : 15 ~ 30m

I leﬂ funnel fOﬁ 2.left tunnel bench " 3. right tunnel top 4. nghf funnel
eading excavation heading bench excavation
5. concrefe Imm and 5. concrefe lining and 6. center tunnel fop 7. center tunnel
column(l eft unnel) column(right tunnel) heading bench excavation
8. center tunnel 9. platform and
concrete lining finishing

30/44 O wirczoiz



Single arch station tunnel with
a shallow overburden

Safe construction of large-scale station tunnel in urban areas
using drill and blast excavation method

Tunnel was constructed in good to fair
rock of gneiss with shallow overburden

weathered soil

weathered rock

 Noksapyoung station
Seoul Subway Line 6

31/44 O wirczoiz



Technical solutions

Sequential excavations : 4-bench, 3-division

rockbolts L=5~6m

mmllm/mm

—
- 3 2 shotcrete &

[ \ 4 / 1|= | t=200~250mm %,
N_5 [/ JF

o /)

1 .
Ul K
g

constructlon F
equlpmen =

32/44 O wirczoiz
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Single arch station under
existing structures

Station tunnel was constructed beneath the old shopping
mall and subway Line 3

Station tunnel face hit the alluvial deposits

Closest distance between existing subway and new station tunnel
is about one meter

Gangnam ude shopping mall

= alluvium
T | £ (1701
medium rock

hard rock

» Express bus ternunal station
Seoul Subway Line 9

6 WI1c2012



Technical solutions

@ slab pipes(13 pipes, ® excavation for lower ® construction of lower
{(=159m, 2m in diameter) side walls side walls

@ construction of transverse ©® excavation of remaining @® construction of concourse
girders parts and platform

34/44 O wrczoiz



Extension of station to
existing operating subway line

New subway station extension to the old subway line

Technical issue : safe construction without
hampering daily services

Section A-A -‘ e ‘ B ‘—‘

O wiczo1z



Future
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Surface urban transportation
problems

up to 1960
up to 1970
up to 1980

up to 2010
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Surface urban transportation
problems

“ Overpopulation * Lack of available road area
§ s % i" . -

Traffic congestions “ Increase needs for more green space

37/44 O wirczoiz



Increasing needs in creatin
more underground spaces(1

v New road construction by covering the streams

* Landscapes in 1900s * Covering work
(1958~1961)

- Elevated road(1971)

6 WI1c2012




Increasing needs in creatin
more underground spaces(2

v Restoration of the original stream

“ Demolition of elevated * Dismantlement of “ Restoration of
covering the stream

39/44 O wirczoiz



Increasing needs in creatin
more underground spaces(3

v Demand on the underground road construction
as a replacement of surface roads

39/44 O wirczoiz



Proposed underground
road networks

Length Depth

Line
(ki) (m)
SN1 24.5
SN2 26.3
dobong
SN3 22.8
40 ~ 60 S psanggye

EW1 22.3 '

EW2 22.3

EW3 30.5

EW3 gangseo
Total 148.7 a e

% g Q -
EW 2 L.
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Proposed underground
road networks

Underground beltways _
Above ground beltways

- > S Y
?",‘ >_v, w s i~

A3 TN SRR 1 0n
et P ! e ¥

-

_eunpyeong

2GR oenoseo
SrLC TR Ban,
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Proposed underground
road networks
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Cross sections of proposed underground

road networks(U-smartway)

* Route SN1,2, EW1,2,_3_
m\ddct\
;‘Om \

——————————

120m 3.3m 33m !
4 2 d T !
emergency
= lane:

exhaust || air supply
duct duct

l< 18.0m
o

6 WI1c2012



Restoration of green space by using
underground space

* Present urban highways

42/44 O wrczoiz



Restoration of green space by using
underground space

Parks above the urban highways

42/44 O wrczoiz



Restoration of green space by using
underground space

SRR e v _fn-.-%
- " ‘nb‘-‘.:' = g w

* Parks above the urban highways
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Conclusions

Use of underground space

is a sustainable solution
for the urban transport problems
and providing more surface green areas
in a megacity

like Seoul
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Thank you
gurand Attention
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