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Debris Flows: Disasters, Risk, Forecast, Protection

CeJeBble MOTOKH: KaTaCTpOd)I)I, PHUCK, IPOTHO3, 3alIUuTa

Experimental study of landslide-induced debris flows and the
mobilization process

H.-T. Chou, Y.-Y. Chang

National Central University, Department of Civil Engineering, Chung-Li, Taiwan

JKCnepUMEHTAJIbHOE UCCJIeT0BAHUE Celieil 0M0JI3HEBOI0
NMPOUCXOKIEHUS U MpoIecca MOOMIM3AIUU MaTepuaJia

[

C.-T. Yoy, U.-51. Yanur

Hayuonanvuwiil yenmpanvuwiii ynusepcumem, kageopa 2paicoanckoo
npoexmupoganus, Yyne-Jlu, Tatisans

B nanHOM HMcCile1oBaHNY MPOAHATM3UPOBAH MpoIiecC (POPMHUPOBAHUS CENEBBIX MTOTOKOB
OTIOJI3HEBOTO MPOMCXOXKACHUS ITyTEeM 3KCIEPHMEHTOB M TEOPETHUYECKOro aHainu3a. Pas-
paboTaHa crienuanbHasi CHCTEMa HAOIIOICHNS 32 HAYaJIOM JIBIDKCHHUS OIIOJI3HEBOTO OJ10-
ka. IIporecc ero MOOMIM3aNK COCPEAOTAINBACTCS B 30HE PA3pyIICHNUS (TO €CTh OTKPHI-
TOTO pa3pbIBa) OKOJIO HIKHEH dacTu. bosee kpymHas 30Ha pa3pylieHHs TeHepupyeT 60-
nee OBICTpEIN Tporecc oTpeiBa. [Iporece Havana apmwkeHus 3aanMaet okoino 0,5-1,0 ce-
KyHJBI TIOocne caBura. Temmeparypa OTAENBHBIX YAaCTHIl 3aMETHO ITOJHMMAETCS! B 30HE
PaxKXIKEHHs, KOTOpasi UIMEET TOJIIUHY IPUMEPHO B 4 YaCTHIIBL.

The process of landslide-induced debris flows is examined by experimental work and
theoretical analysis. A special synchronised observation system for the mobilisation
block has been developed in this study. The mobilisation process is controlled by the
failure zone (i.e. the open slit) near the bottom. A larger failure zone will generate a
faster failure process. The mobilisation process initiates around 0.5-1.0 s after the
movement. The granular temperature is mainly intensified in the fluidised zone, which is
about 4 particles in thickness.

1 Introduction

Landslide-induced debris flows are very destructive, and their runout distance is crucial
for downstream communities. Hutchinson (1986) proposed a slide model with the considera-
tion of excess pore pressure for the landslide blocks. The decay of pore pressure is assumed to
follow the diffusion process. Ashida et al. (1983) assumed the landslide block is fully fluid-
ized when the required deformation energy of the block is provided by the basal friction.
Iverson et al. (1997) examined the mobilization process of the landslide block, and a constant
fluidized layer near the block/ bottom interface is assumed. The vibration and velocity fluc-
tuation inside the thin fluidized layer greatly reduces the frictional force and enhance the mo-
bilization process as well. Takahashi (2000) proposed the erosion rate is proportional to the
velocity in the fluidized zone. Volfson et al. (2003) proposed an order parameter, p (0 <p <
1) to account for the percentage of solid contact, when the inter-particle tangential forces are
less than the frictional forces. The granular material can be regarded as fluid when p = 0 or as
solid when p = 1, respectively.

During its sliding process, the landslide may gradually transfer to the debris flow under
favourable conditions, such as liquefaction due to increasing granular temperature in fluidized
layer; the contraction induced excess pore pressure and the collision among grains. The thick-
ness of fluidization and the mobilization process of the granular body are examined by the
flume experiments.
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2 Experiment

The parameters of landslide-induced debris flows are examined by experimental work
and theoretical analysis. In order to eliminate the wall friction effect and to keep the CCD car-
rier in phase with the landslide block, a special weight is added on top of the block based on
the Jassen model. Under such an condition, the pressure at the flume bottom remains constant
independent of block thickness. The extra resistance required to keep CCD carrier synchro-
nized with the block is calculated and implemented with a spring and counterweight system
shown in Fig.1. A acrylic flume of 5m long, 10 cm wide and 20 cm high is installed with the
inclined angles between 12°~28°. The sliding block is presented by an acrylic box (15 cm
long, 8.8 cm wide and 20 cm high) infilled with uniform plastic beads (diameter = 0.59 cm,
restitution coefficient e= 0.9, angle of repose = 20.5°). A slit of 0.8 cm and 1.4 cm is open at
the tail wall to mimic the failure of the block, which controls the process of the block fluidiza-
tion. In order to capture the fluidization process of the block, a high-speed CCD (Pulnix
TMC6740GE, sampling rates up to 540fps) is mounted on a cart carrier (see Fig. 1), which
movement is synchronized with the sliding block. A special design of spring — weight system
is developed in this study to ensure the synchronization procedures. The captured images
from the high-speed CCD are then analyzed by employing the Voronoi method. The velocity
field, fluidized zone and granular temperature thus can be obtained accordingly.

7 N A
"i'. 5

rolly
Y o ‘,. High-speed CCD

% «4— Counter weight

particle

frap

Spring damper

&

Fig. 1. Experimental setup for landslide mobilization process.

3 Results and discussion

The experimentally added resistant force agrees well with the theoretical calculation.
The particle velocity histograms at different layers of the landslide block is shown in Figs. 2
and 3 for the narrow slit (opening of single layer) and normal slit (opening of two layers), re-
spectively.
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Fig. 2. Particle velocity histograms for the bottom 7 layers inside the landslide block (narrow slit).

The mobilization process initiates around 0.5—1 second after the movement as shown in
Figs. 2 and 3. The thickness of fluidized zone is only about one layer from the bottom for the
narrow slit, while it is about 4 layers for the normal slit. The coefficient of friction between
the lower fluidized layer and the upper solid mass depends on collision condition at the inter-
face.
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Fig. 3. Particle velocity histograms for the bottom 7 layers inside the landslide block (normal slit).
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In this study, a theoretical model is also proposed to examine the run-out distance and
the corresponding fluidized thickness of the sliding mass. The granular temperature is mainly
intensified in the fluidized zone, which is about the thickness of 4 particles.

4 Conclusion

The process of landslide-induced debris flows are examined by flume experiment in
this study. A special synchronized observation system for the mobilization block is developed
to obtain the particle images. Larger failure zone near the bottom will generate faster failure
process. The mobilization process initiates around 0.5-1.0 second after the movement. The
granular temperature is mainly intensified in the fluidized zone with the thickness of up to 4
particles.
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