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Origin of underground works

£3/8t 52 (52)

Lava tube (51 /0/)
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Underground space by mankind

] (ZapAl=r o] A)
® Bomvu Ridge mine (B.C. 40,000): d|etH| =&, & 43

® Drainage tunnel (B.C. 2,800): o}7}= & A](Akkad city),
ol ¥ Hy, teHE, 94

® Underwater tunnel (B.C. 2,000): #=2}e| 2= 7 814
Semiramis &3 Jove Al dALe], 1km A4
3.6m x 4.5m, &7 oA Az T

® Royal tombs: W|AFE}n|o} Ur X< (B.C. 2,500),
o] H E Theb and Abu Simbel (B.C. 1,250),
T2 A 3d EE AN
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Underground space by mankind

o FEEY: o]~z A=eHB.C. 715), 9% 533m, 1m x 2m
g2 AR A (B.C. 525), 1.8m x 1.8m

---The day the opening was made, the stonecutters hacked toward each other,
pick against pick. And the water flowed from the source to the pool [twellve
hundred cubits (despite the fact that) the height of the rock above the
stonecutters' heads was one hundred cubits.”
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Underground space by mankind

Top {+225)

Spring (+57.60)

0100 200 m N‘
City tank
i North &
entrance Mecting e/ South
- (inlet) 1 L peint A Jentrance
& e | {outlet)

P Q“' Tunneal

N A B D F 5

MDA ELo Sol 2 ToiE

=

Rock Mechanics and Rock Engineering Laboratory

2008-11-07



Underground space by mankind

2% A

® $3Ed: 9= Bridgewater 23} (1761),
Worsley ] 41 EF32 3 Manchesterd] A A S A4
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Underground space by mankind

o s $E Bl Y: Frejus Y (1857~1870),
repoao) olble] A4, A% 13km, YFHF 71l & HF,
wolel o EZ Feldu eF 48,

A e R
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Underground space by mankind

o Y el =7} 514 (1823 ~ 1843)

EX20l0 2EHE ZAF HR2E
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Underground space by mankind

® Tunnel Boring Machine: C.F. Beaumont 71'2(1875),
%o C.T. English7} A7, S3E EFAL A|lF A o2 A 85 BA% g8
Abbotscliff B €(800m) tunnel,
Aol ~ulo] Aekdak 2] A4 B 9(1,100m, 1882).

Beaumont machine, 1882, First attempt to drive a tunnel beneath the English Channel,
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Modern use of underground Space
(based on functional classification)
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Modern use of underground Space
(based on functional classification)

st&E
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719

* House

* Office

¢ Library

¢ Concert hall

* Museum

* Sports facilities

s R EF

Ho

¢ Parking lot

¢ Traffic tunnel

¢ Drainage tunnel

¢ Underground
gas /electricity /
communication
cable network

¢ Subway

TAAA

o197 2 o 1] ) Bl
22 A%

EARS

¢ Under. store

* Food /farm
product storage

* Water filtration
plant

* Sewage treatment|
plant

* Waste treatment
plant
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¢ Electricity/ heat
storage

* District heating
system

¢ Power plant

¢ Oil / LPG storage

¢ Compressed air
storage

* Hot water storage

* Radioactive waste
deposit

* Geothermal
energy develop-
ment

e Shelter

¢ Commanding
office

* Military base

¢ Defense base
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Characteristics of underground space

&3, WA, AR T BESA
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Characteristics of underground
space

o 4, &b WAk, AAI T BESA
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Characteristics of underground space
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Characteristics of underground space
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Characteristics of underground space
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Reason for going underground
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Reason for going underground
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Reason for going underground
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Zetcol EFHY
(green bridge for people, animals and even vegetation)
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Reason for going underground

o Ao AP A 5

Gothard, Zimmerberg and Ceneri Base Tunnels, Switzerland
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Reason for going underground
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Disadvantage of going underground
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