Vi IS PEE ISTR SR Ee s £k = gy
mEAED 920 Exz0 ga_@
# &

YIETFJIZ[” YRR T iitJ/Elm;EjmT’Tﬁn%Et'w fel E RS fR 8 B 3 o) %ﬁf«?ﬁ‘ PLAXIS 2D

yﬂﬁ SR e Y ST AR AR P R AR E N '*’FELF{L’ SR CE T A

TR = lp‘l I”“‘Pr/‘“‘xjg‘jf/‘?l BN E R AR R AR ?ﬁf“fﬁ
(transient flow)J [/ +=s A @%}[ B0 ITEEJJ?F'E? figh (™ o + g (AMEC Bishop 25N o PR
j‘%&fﬁ%ﬁ@ﬂllﬁﬁﬁlﬁgﬁmﬁﬁﬁfﬁ{’ e AR IS Terzaghi s AR A o B ﬁéﬁfl?iw
iﬁfﬁg I V%32 [TEFR P | PLAXIS A= fﬁ#%zUSDAE"—’ Van Genuchten B FRpu s Yl o 4

Al SRR TP Y VR D DR 1T B IR L Y A O S
"/%5{{[*@ &3 4%55 A > W AAEIE I o TR PRe B’B?%‘J:Fﬁ ‘/ﬂ ERR LS
PRI BRI W UWJ?%;%IEJE‘ R ﬁlf" HER I SRR A R N 5
TS

(Wi SR~ BB~ 15 i)

Finite-Element and Transient Flow Modeling of the
Landdide Dam Failure Time

You-Hsu Chen®  Fan-Chieh Yu® Kuang-Tsung Chang® Zheng-Yi Feng®"

Graduate Student ", Professor ?, Associate Professor ), Professor ", Department of Soil and Water
conservation National Chung Hsing University, Taiwan, R.O.C.

ABSTRACT

The purpose of this project is to find suitable engineering measures for disaster
prevention. The software of PLAXIS 2D of the finite element method is adopted to
evaluate the performance of the engineering measures and to do the parametric study.
The numerical model simulates the artificial dam at Huisun using the transient flow
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analysis. The seepage takes negative pore pressure into account with Bishop's
equations, which are superior to Terzaghi's equations for the unsaturated soil
conditions. The parameters of the dam and the riverbed are chosen according to
USDA and Van Genuchten. The results show that the permeability of the dam and
riverbed influence the stability of the dam. The higher the permeability, the lower
stability the dam. The seepage prevention structures are used to improve the dam
stability. The simulated results show that the seepage prevention should penetrate
into the riverbed and be positioned as close to the upstream side of the dam as
possible.

(Keywords : landslide dam - seepage prevention structure ~ finite element method - transient flow)

5 = FEM)£%L E I*I‘J?Iﬁ ng H F'g%‘ﬁ@ SRR o
’ B 2 Jol R 553 AP SRR B s - e
S e R e e I e T L e S ) 'ﬂff
He it 7 F 1 IRHER U = SR ??%PJE‘/ , VR SR R R - 5
T {ﬁjfm’ﬁﬁdﬁg}‘ﬁjﬂiﬁﬁ‘}@;@fggg BRIAC 5 A [lES IF\IHWZIPT"FEM@" VS S >
e SRS R pEsE A R A R R
PRI FOBAC R 4 RO 9t oy T R L A F
WS S b O FTRRIETR Y AR R
%7 o T RS R VAT R-PLAXIS AN - -

P B IS 2 R )R

=3

[}

PLAXIS E\r’ﬁﬁ’ F%fj Delft 254" 1987 =+ Frfif]
PP R PR VRS ey - 2 g g B

"2‘@”’“@“%& HIE VBT T T ST 5 A
FPURIER | PLAXIS 2D Beffisipapps - IR By A4 FrREE - BRI Bk

Sl E S NG SN SRS EE £ (RIRE ~ "M’F F R~ TR B e
AR BRI TSRS ARSI s
OGO S R S IR s PRI SR ATRRE SRR R

PUE R PG - PLAXIS " #fl ¢- ¢ ffiffTiefgi=t (Phi-C
Reduction)?fﬁ = [y (Safety Factor) » I')
SIRET T AU 2

A. ?Jﬁfiiiﬁ}ﬁﬁﬁ\"ﬁ%‘ﬁﬁﬁ- PLAXIS FIFs PLAXIS Hofsi %Efﬁ R RS
RFIORB I o1 4 S S

AT e P AR P 1 ”lwiﬁi FOSTATT S BT B R 5
S0 DA VBT RS R B E@Wﬁtﬁruﬁ ’éjl'ﬁl NS TSRS
ﬁ'J ?J (L7 2k ¥ (Finite Element Method, oy ﬁr'n;%%[/@ o figlﬁgﬁilﬁlet ELW SR

™

284



r‘gﬁl
R A I 2
B. ¥ H ISR
P BT B 5 SRR

BT Iﬁu i S Fﬁ rEH]
N SR A SRS SRR I
LIS INE O H%\lﬁ‘% B i ’gﬂ‘%(‘* i
(Mohr-Coulomb Failure Criterion) » [F=5f fl i+
W 3 AR D VAR S 5 F ) PRI T e
ANE S FFR] T RATRAERD - [
F%F’Eiq%ﬁ' 1

i1 T

Figure 1 Section of landslide dam

RS HURP SN e e =St o
SR » ] PLAXIS gﬁ'?gg;ffﬁ i

Vi T R ST AT o 5 el TR F L 2
[
i
L= _ H %ﬁg‘—( ,[ F_AI
ST el

2 5T B TR R AT

Figure 2 Mitigation of prevent seepage

C. B IE
imﬂ-‘f«}i YRS e 53 A gt
W‘ﬁ%ﬁ@l’?ﬁ@ﬁdéﬁ EIE RS K

285

A - W B B
SNt vﬂﬁf«tn L T R

IR HE T AT T SHEELY
FHE| 2 gree - ?iﬁﬁ‘l'r‘”: EE SRR

D. W WG 2 BV YR i

FRY RO A i R R )
e [~ J}E{J\ﬁ; ) ﬁE[ﬁhE[ﬁl@ I‘JU‘E@%‘%‘E
s =N - FHVHUR 7] PLAXIS H{H o
@-c [lIfrywfi=" (Phi-C Reduction)gf §T ﬁif{fjjﬁfﬁ
?gpfjab;f (57 FF BT felkL (A< Brinkgreve
(199 1)FHH VY -4 RO R - RLEHBLREY
-+ %gFl@ (BEF1 C W 24 tang) i i 31
TR o [ = BRSO R A T
P50 gL % e PRI (TR M i E
g

C tang,
ZMj — input — input

Cotice @Negee el )]
1 Creduce B4R i 1 EE3K )1 ~ Cinput

~ XMsf ER TR R o SMsf
F”Jrﬁ? “QF[EﬁATE » [ IR EMsP
(BT jfﬁ‘ML @Y > 11 E] =Msf
PRRIETNE 4 i & SRR AL
By = e A=

K R )

_ available strength

——— = "2 =value of XMsf at failure
strength at failure

F AN | PLAXIS ElfJaerE,TﬂfF’j;’-{ﬁ’@W

PSR SPEINED = T - g
%ﬁ;f%ﬁ@g; AR R R SR

OIS - g
@ﬂ I/%Lmk

E. P A

TN [



oot UGS 44(3) 1 283 - 294 (2012)

Journal of Soil and Water Conservation , 44 (3) : 283 — 294 (2012)

SR B
BAR Y
[ 1
-1 & 3 b - £
L a 1%
| [ |
1
Wil

qéﬁ' 3 Wﬁ; A ﬁlﬁ%ﬂ'
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Table 2 The soil classification and default Permeability
USDA Type Sandy loam Loam Sandy clay loam Silt loam
Permeabiliy
1.23 *10° 0.289 *10” 0.364 *10” 0.125 *10”
(m/sec)
*3 4 ?[ﬁﬂﬁ[ﬁ‘ﬁ%ﬂr ERNE TN -G B Eis P 1

Table 3 The parameters of material

Dam Bed
Parameters
material material
Moist unit weight, 7 ¢
2000 2100
(kg/m®)
Unit weight, 7 e (kg/m’) 1571 1669
Young’s modulus, E (pa) 5.05E+07  5.05E+07
Bulk modulus, K (pa) 4.90E+07  4.90E+07
Shear modulus, G (pa) 1.90E+07  1.90E+07
Poisson ratio, v 0.33 0.33
Cohesion, C (pa) 1000 3000
Friction angle, ¢ 35° 38°
Void ratio, e 0.7 0.6
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4
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Figure 5 Numerical model of landslide dam
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Figure 7 seepage velocity in the toe of landslide dam and potential failure surface
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Table 4 Different types of particle-size distribution

Distribution Sandy loam Loam Sandy clay loam Silt loam
<2um 11% 20% 28% 14%
2pm~50um 26% 40% 12% 65%
50pm~2 mm 63% 40% 60% 21%

5 IV 53 6 R

Table 5 Failure time in different types of particle-size distribution

kx =ky kx =ky Failuretime
Case Dam type s Bed type s
(m/sec)*10° (m/sec)*10 (hr)
1 Sandy loam 1.23 Sandy loam 0.123 30
2 Sandy loam 1.23 Loam 0.123 30
Sandy clay
3 Sandy loam 1.23 0.123 316
loam
4 Sandy loam 1.23 Silt loam 0.123 313
6 TR (Y R
Table 6 Failure time of different permeability
Failure
kx =ky kx =ky )
Case Dam type s Bed type s time
(m/sec)*10° (m/sec)*10°
(hr)
Baseline
Sandy loam 1.23 Sandy clay loam 0.123 31.58
case
Case 1 Sandy loam 12.3 Sandy clay loam 1.23 3.35
Case 2 Sandy loam 0.123 Sandy clay loam 0.0123 318.17
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Table 7 Comparative with permeability and safety factor

kx =ky kx = ky Failuretime
Cases Dam type Bed type

(m/sec)*107 (m/sec)*107 (hr)
1 Sandy loam 1.23 Sandy loam 1.23 22
2 Sandy loam 1.23 Loam 0.364 27

Sandy clay
3 Sandy loam 1.23 0.289 28.78
loam

4 Sandy loam 1.23 Silt loam 0.125 313
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Table 8 Mechanical parameter of prevent

seepage structure

Parameter Clay material
Moist unit weight, 7 ¢ ( kg/m3 ) 1800
Unit weight, 7 s (kg/m3 ) 1600
Young’s modulus, E (pa) 1.5E+06
Bulk modulus, K (pa) 1.67E+06
Shear modulus, G (pa) 5.56E+05
Poisson ratio, v 0.35

Undrained shear strength, Su (pa) 5000

Friction angle, ¢ 0°
Void ratio, e 0.5
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Table 9 Comparative with position and failure time

Location of

seepage Upstream  Upstream  Upstream  Downstream  Downstream  Downstream
prevention —3m —4m —5m —3m —4m —5m
structure
Failure
39 59.6 325 274 32 325
time (hr)
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