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Evaluation of Reducing Cross Section of the Partial Drainage
Shield Tunnel Segment using the Model Experiments

ABSTRACT

The existing shield tunnel has constructed in the concept of non-drainage uniformly, but the leak has become a problem in the
construction and management. The Shield tunnel design allowed for the water and earth pressure bring about the increasing segment
thickness and the construction costs. In order to improve these problems, the study of the partial drainage shield tunnel is in progress.
In this study, th model experiment was performed to confirm the possibility of the partial drainage shield tunnel. And the water and
earth pressure was measured in drainage and undrained condition. Based on the results of model experiments, the effect of water
pressure reduction was confirmed by reviewed the structure stability of the real design case.
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Fig. 1. Position of Drainage Hole in Segment and Underground Water Flow
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Table 1. Material Property of Sand

(a) Outer Pipe (b) Inner Pipe (c) Inner Pipe
(Drainage (Undrained
Condition) Condition)

Fig. 3. Inner Pipe and Outer Pipe of Shield Tunnel Model
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Fig. 4. Sensor Position of Inner Pipe
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Division Time Hydraulic Earth Pressure Division Time Hydraulic Earth Pressure Note
(sec) Pressure (MPa) (MPa) (sec) Pressure (MPa) (MPa)
00~ 60 0.0278 721~ 780 0.0278
61~120 0.0556 781 ~ 840 0.0556
HPO5 | 121~180 0.05 0.0834 HPI15 | 841~900 0.15 0.0834
181~240 0.1112 901~ 960 0.1112
241~300 0.1390 961~ 1,020 0.1390
301~360 | 0.05—0.10 0.0000 1,021~1,080 | 0.15—0.20 0.0000 Hydraulic Pressure
Change
361 ~ 420 0.0278 1,081~ 1,140 0.0278
421~ 480 0.0556 1,141~ 1,200 0.0556
HPIO | 481~ 540 0.10 0.0834 HP20 | 1,201~ 1,260 020 0.0834
541~ 600 0.1112 1,261~ 1,320 0.1112
601 ~ 660 0.1390 1,321~ 1,380 0.1390
661~720 | 0.10—0.15 |  0.0000 00000 | HydraulicPressure
Change
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Table 3. Load Combination

A7 1S 48MPa, ko] = 400MPa2 1451
11, Table 39] sFE=3ts A83le] Aky] Wl wepr] veja

L . Yielding Load Hydraulic Pressure
Load Combination Self Weight - - - - Note
Vertical Load Horizontal Load Vertical Load Horizontal Load
CASE I 0.99 0.99 1.8 0.99 1.8 Method
CASE 1 1.0 1.0 1.0 1.0 1.0 Serviceability
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Table 4. Case Evaluation in accordance with an Underground Water Level

Division Standard Factor of Safety Condition Drainage Condition
surface load Po tace load P
I s
burried layer T P v aam HHHHHHIHHIIHHI)HHHHHI3q
burried layer III lll lll Il Pw H .3m
alluvial layer 5 He \vi B
P 8.2m " alluvial layer 5 He 8.2m
Ground UL He 10.0m T b
condition Pod 5.3m Pus 5.3m
—— weathering soil Q{H l ] l 1 [ wedthering/sofl l ] \ 1 l l l L \ \ l
weathered rock weathered rock
Level Tunnel from the Top (+)1.4m Tunnel from the Top (+)10.0m
. .. CASE 2 : Undrained Condition
CASE CASE 1 : Undrained Condition CASE 3 : Drainage Condition
Division Undrained Condition / Rise in Water Level Drainage Condition / Rise in Water Level
X
30.0m 30.0m
water water
surface load Po surface load Po
Ground burried layer um;mn Pu Hi 88m burried layer [TTTTTTTTTT] Pw O
condition alluvial layer P H: 8.2m alluvial layer PEi H: 8.2m
[TTTITITIIT Hs T He
Puet 5.3m
weathering soil T ing soil IHHPI“{HH £
weathered rock
weathered rock
Level Tunnel from the Top (+)46.8m
CASE 5 : Factor of Safety(Fixed Amount of Rebar)
CASE CASE 4 : Standard Factor(Water Level Rise) CASE 6 : Factor of Safety(25% Reduction in Rebar)
CASE 7 : Factor of Safety(50% Reduction in Rebar)
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