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Evaluating the Efficiency of Subsurface Drainage Systems during

Large Landslides

Der-Guey Lin['T Kuo-Ching Changm Eugene Chooll  Miau-Bin Su?!

ABSTRACT This study investigated the efficiency of subsurface drainage systems—which comprise drainage wells
and galleries—to analyze the slope stability of landslides in Lishan in central Taiwan during Typhoon Toraji in 2001
(with subsurface drainage remediation) and Typhoon Amber in 1997 (without remediation) by using the numerical
analysis method. The drainage effects of drainage wells and galleries were simulated by assigning a series of line-type
and point-type drainage boundary conditions along drainage boreholes in the numerical model. The numerical results
and monitoring data indicated that the subsurface drainage systems for handling landslides in Lishan are functional and
capable of accelerating drainage of infiltrated rainwater caused by prolonged heavy rainfall and reinforcing slope sta-

bility against rapid deterioration during landslides.

Keywords: large landslide, subsurface drainage, drainage well, drainage gallery, potential sliding surface.
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7~ 8 KEEPK > [EFR S 100 mm/day o BB 7Aoot
LLIARPE S - ERELTF 230 A HEE L2 E=/[EAK > 0kE
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\{P ) "A‘ .:'K
to YiLan (Route Tai-7) [(tees
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Fig.1 Overlook Li-Shan landslide area northward from
Fu-Shou-Shan Farm at the upslope

1 i-Shan Potential
Landslide Area

Fu-Shou-Shan Farm

2 B HhIEER e R 1 EE A

Fig.2 Topographic and geological characteristics of Li-Shan landslide located at central Taiwan
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FEHFE T 30~70 m > BEHY AT Z SOt 8 - [Nt > BUT
TR AR B TR - Y 1995~2002 4 (3% 7 4F) 7745780
T TRt R B ARt E > BIG LEEEEE: HF
KERETAE ~ ST ~ R AKE TR TESE 2
WE RIS G TR - Q18 6 Fios » Hrfr > FLUlitos
&R ZEE TR B TIPKAL TR - A5 1995~2000 £
BEfFEY 15 BESRAKH: R 1997~2002 EJE(EHY 2 BEFEKIETE - &
BERRGT B BIa TR /0K 2D 8.5m 48
REEBIESIRE 2 2 (7% (Factor of Safety, FS) 27 % 1.20
(FS=1.20) (SWCB, 2003) - Jtt By &5 E 25— K TAI L REAHIHE
Bt aitE - HEBREREEES LITBFR -

Features of soil strata for Li-Shan landslide (ITRI, 1993)
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2. EEEYLE (-13m) MEMY RIS RN BB s £ b s £+ v
3. fEREALRE (-18 m) BEADIR (EE2~30 mm) FREEE L - iR FRiH e SR 1L, IV
4. [RERLE (23 m) BEEFSAR (EES~10mm) By > #7222 BUE RRiieaiy 1
5. WAt (-63m) BEMERE L (RE>50 mm, RQD>T75) I

3 (a) XEMMHEE (b) HEHEER

(b)

Fig.3 (a) material types of soil strata (b) outcrops of slate formation

Li-Shan Hotel
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Fig.4 Li-Shan landslide on April, 15~19, 1990 (a) sliding mass moves from south to north direction (b) foundation failure

of Route Tai-7
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Fig. 5 Precipitation record of April in 1990 from Li-Shan rainfall monitoring station
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Configurations of subsurface drainages and remediation works in Li-Shan landslide (SWCB, 2008)
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Fig.7 (a)Configuration of vertical shaft with horizontal drains of three-level (b)Vertical shaft assembled by corrugated
steel ring plates liner and collecting groundwater through horizontal drains (SWCB, 2003)
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Fig. 8 Geological cross section and location of the drainage gallery (G1-gallery)
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Fig.9 (a) (b) gallery with a smaller cross sectional layout (widthxheight=2.07 mx2.1 m) for drainage (c) water-collection

chamber with enlarged cross section (widthxheight=3 mx3 m) and sub-vertical drainage boreholes (water collection

pipes) (d) groundwater collected in chamber (e) outlet of gallery
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Fig.10 (a) boundary conditions for subsurface drainages (b) finite element mesh of geological cross section with drainage
wells W-6, W-7, W-8, and horizontal drains H-10; observation wells of B4 and BS5 and drainage galleries G1, G2
along Y2-profile
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Table 3 Material model (Mohr-Coulomb model) parame-
ters for slope stability analysis
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Table 4 Factors of safety before and after subsurface drainages along potential sliding surfaces
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