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Effects of Vegetation on the Stability of Sandy Slope

by Centrifuge Modeling

Abstract

In recent years, global warming has made an important issue of
environmental conservation and ecological restoration. The plain at
western Taiwan occupies 1/3 of the area but has 90% population, leading
to the requirement for hillside development. Therefore, many ecological
engineering slope stabilization methods have been investigated and used
in the mountain area. In this study, wheatgrass was adopted to simulate
the roots reinforcement to the slope surface. The element tests of quartz
sand also includes, such as shear strength, permeability, and growth
characteristics of wheatgrass. Then, the geotechnical centrifuge modeling
tests were conducted to evaluate the effects of vegetation at slope surface
on the erosion resistance and slope stability under the changing gravity,
base input earthquake and high intensity rainfall conditions. The ground
surface before and after the centrifuge modeling tests was recorded by
laser displacement transducer, and the slope failure process was captured
by cameras during tests.

The test results show that (1) from the direct shear tests, the friction
angle of the soil with roots increase 6 degrees, and the cohesion does not
change significantly. (2) From the constant head permeability tests, it
shows that the roots does not affect permeability significantly. (3) The

centrifuge shaking table tests show that the settlement on the top of the



slope with surface vegetation is reduced 50% after the earthquake. The
slope angle of the accumulation area increase 11 degrees, and the
accumulation range decrease by 13%. The water content test were carried
out after the centrifuge modeling test. It shows that the water content of
the slope decrease with the increasing elevation. (4) Under rainfall
condition, test results show that the slip velocity of shallow surface for
the model without vegetation is 3.2 times that with vegetation. The roots
can reduce the slip rate, however, the underground water level rise 2.5
times faster than the slope without vegetation and a deeper failure surface
will occur. It indicates that the roots can protect the surface erosion
effectively, but the infiltration of rainwater will cause deeper failure.

Keywords: centrifuge modeling, vegetation, slope stability
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k
Soil type cm /sec ft /min
Clean gravel 100—1.0 200—-2.0
Coarse sand 1.0-0.01 2.0-0.02
Fine sand 0.01—0.001 0.02—0.002

Silty clay 0.001—0.00001 0.002—0.00002
Clay <0.000001 <0.000002
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4vig & (acceleration) m/sec? N
£ & (linear dimension) m N
&4 (stress) kPa 1
J& % (strain) - 1
= & (density) kgem? 1
T &4 (Massor volume) kg or m? IN3
¥ =& (unitweight) N/m3 N
4 (force) N N2
%44 (Bending moment) N-m N3
Bending momentunit width N-m/m IN?
Flexural stiffnessunit width

N-mZm IN3
(El/m)
R R (time © diffusion) sec IN?
pF R (time © dynamic) sec N
#g 3 (frequency) 15ec N
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I8 AL % #4 X 4eig & (Coriolis acceleration) o 4w B 2-5 #777 » § dw %
R R P ARA K e B e R B R U 0 € AL
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#(dO/dt==2 & > ] dO%/dt*=0) - 4% BRI P T BRI D E B
(dr/d)# 5 B (bldkzimd ~ b MREEH 26 BT I A
dRBEEE) PR AERT ST BT R E R § 2R
AR e - R E i AR AR F AR P e R b
B et @ [2(dr/dt)/(d8/dt)/r(d8/dt)2] < 0.1FF » ZE L7 3 11 &
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& 6y ok B RICELE: 2:3
—(d*r[dt*) + r(dB/dr)? 2(dr/di)(d6)dr) +r(d6/dt")

B 2-5 3pR LR deig B2 25 (Taylor, 1995)

=& ﬁwﬁﬂ%aﬁﬁzéﬁgﬁ
MRS R P RS R A RS B
B 2 45 Efg * o
Wang % 4 (2010) A" & ff 2 T v g B R A P %
W AR ZFAFTHREEXRREZ IR B Ao R A G E A

UN > s a Rl fo alz v @ 5 N2> Hdskz figge 4 35
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500~ HL B 45 & > Sk k 4cB] 2-6 47 o F AR HIT o AR
SR ECERY IR SRR B RS & AR SR TR
T E R ) e
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W 2-7 53y (f424 5 2012)

B4 (2015) A& E T o e TR R g
SHCA R 0 v P RP A AR R A e 5 N R R
A oAl et F 5 1N figgE 4 358090 B A 60 B 0 R R 4o
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W 29 %A 2 %a kT LW (3&5c 0 2007)

Ling, H. 1 (2009) r gt {3 itk ip F R B 22 777 @ % 2
REaip R VR RAeERElgnt B L e R o R A g B G
UN> B4 E 4 5609 A~ %5 60 & ~75 & ~90 & » Rl
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W 2-10 3§43 (Ling, H. 1., 2009)

Askarinejad, A.% %+ (2012) m# jx 3 3% i~ (Static liquefaction)
LT FE FIR I R a2 R A R B BRI E o 2
HER o AR o dod 22477 o RAUEHRRSR O AR R R ¢ R
FEank s N BEABEFEE 22 RLGF Bkt B3
BEEFToER R R A P2 FI BRI RN R R PR -
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A WA B 4 HER T P

% 2-2 poAAREREC 4
(Askarinejad, A., Beck, A. and Springman, S.M., 2012)

Parameter Dimension  Model  Prototype
Length (macroscopic) L 1 N
Seepage velocity (soil permeability) L/T 1 N1
Seepage time {macroscopic) T 1 N?

Total rain L 1 N
Rainfall duration T 1 N2
Rainfall intensity L/T 1 N1
Seepage time {microscopic) T 1 N
Hydraulic gradient {macroscopic) L/L 1 Nt
Hydraulic gradient {microscopic) L/L 1 N1

P (2017) % do B k4R E A il w2 B
AL oB 211907 o RO RANERBRF - Ko d %

& B4 5L 2. ﬁm‘;j\—ﬁ?

gl
T3

4

pwrv» 4 A pﬁq."f* 2R A%ﬁ/ﬁ;é“ifg

d g SN T Al e R FRBER B R
FEL -RFLEEARF FZEARB N TARR 0 TE A AP P e
RAlZ G d g Re pkem ARFT ARFIEL 12 HEH Eaz
REIP2Z B TRFA > BFEFEF DR ik A& Rk
BUHCR] "E & 58 B4R e endeo 3 SR s g v
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(2007) " BR
Hoe I. Lin 1 AN T e 3o
g "éﬁ‘ =% F/ 1 1/N
(2009) i 2 e
s B R T
Rui Wan FEE ORI T
: i & N 1/N?
(2010) H P s %%‘zi
A
i A% A oo Pk <
ha N 1/N?
(2012) ] 3
" R B A
2P Ly g T
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TR k23
g ¥ )
H A e iE 1 1/N
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T2 FA

Fo 8 oAl LB
Askarinejad, A. and Springman, S.M. (2015) 12 . #0733 5 ikt
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W 2-12 # $ 3o fEAEB% Y 24 £ 35 (Askarinejad, A. and
Springman, S.M., 2015)

Kreng (2015) »t 4 3434 D8 02382 % 7 7 ¢ 0 1 F AR

Ao PR AP AN EY 2 A5 TR E R S Bkt iE

Ao R E 4 35000 B &k 30 B o EMEE R Ao B 2-13 #roT
BOERHR S AR AT RE AR IR A6 i kAR ff
Wl AR AEY 2 T8 NI EP B k24 B
FeonidResridd BRFas 4324 FUpn &7
I AR Y 2k BB R 01k o

AR T ok P AE S T B R I T R 2 ok
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Tank

Drainage Tank

B 2-14 3 &4 2078 2 g B35 (Wang, 2014)

Wang (2014) z #ro 3R s% i 2 4Bl P g 5
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Dso (mm) 0.193
Do (mm) 0.147
nApd: (Dr=50%) 34.5°
B+ 322 B pdmx (glcm?) 1.63
B 5 % & pdmin (g/cm®) 1.38
- FIEL SP
%% % (emls) 9.31 x 10°®
35.00

30.00 9

25.00 y = 0.6875x+ 1.50V'
E‘ .
& 20.00 o

L2
@ 15.00 /
= 10.00
5.00
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FREZERFR Y IR RIS I oREFEMR Y A R H R
Gelice B PR 2 REFEM2 A Aok 32 £ 3-3 %7 o
il PF il RS MR REPEF RS A B0
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A RUREFEAEG TR 0 2 FIE T RAERC) 0 ) $ERE T AREUR

B VETE TR o FREB AR 35 T o

3032 TVRMLARLY

Dr =50 % Dr=70%
E /2 (cm) 6 6
® f (cm?) 28.27 28.27
% & (cm) 3.4 3.4
WH (cm?) 96.13 96.13
FHETE (9) 143.7 148.6
B~ iz% A (glem?) 1.63 1.63
B iz % & (glem?®) 1.38 1.38
¥R Dr (%) 50 70
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4 33 KM A AT

Dr =50 % Dr=70%
%/ D (cm) 10.14 10.14
%4 L (cm) 11.65 11.65
& A (cm?) 80.67 80.67
iV (cm?) 940.10 940.10
2 HE (kg) 4.850 4.850

W+ice £ (kg) 6.303 6.255
scrE (kg) 1.453 1.405

Jt 0.773 0.714
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logu = 1.460logl, — 6.642a, + 1.546

A. u is the distance of sliding block
B. I, is Arias Intensity. It is a measure of the strength
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