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Underground Structures 
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𝑃 = 𝑄 + 𝐸

•

𝑃 = 𝑄 + 𝐸 + 𝛥R

𝛥



𝛥R = P – (Q + E + 𝑄𝑙)

𝑄𝑙

𝑄𝑙 = 𝑓(𝑘,… )
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𝑃 = 𝑄 + 𝐸 + 𝛥

𝑄

𝑄 = 𝑄𝑠 + 𝑄𝑢

𝑄𝑢

𝑄𝑠
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primary lining

drainage layer

secondary lining

on the primary lining = p0 - pi

p.w.p on the secondary lining =pi

pore water pressure(p.w.p)

pi

p0

pi

pi=p.w.p p on the drainage layer 

water proofing membrane
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Seikan tunnel
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정상배수 구간

배수기능 장애구간
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• Τ𝒌𝒍 𝒌𝒔 = 𝟎. 𝟏 Τ𝒌𝒇 𝒌𝒍 = 𝟏𝟎



(a) middle drain-hole blocked              (b) right drain-hole blocked          (c) right & middle drain holes blocked
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Uplifting of 
Manhole Cover

Uplifting Mechanism
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Flip gate
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Water gate
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Regional Hydrological Analysis
for the Catchment Area
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Drainage and water pressure management








