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Synopsis

In the recent decade, several debris flow events have occurred and caused hundreds
of d eaths, inj ured p eople an d d amaged man y faci lities. Conseq uently, thereis a
strong need to devise a method to evaluate the possible debris flow hazard areas. To
comprehend precisely th is pr oblem, t his st udy sets up de bris flow experimental
channel at Ujigawa Open Laboratory. The model apparatus are consisted with three
main components: a flume open channel, a deposition board and a water intake box.
To understand the particle segregation and mo vement mechanism of the limestone
grain (2.5mm and 6mm) flow, a high-speed video camera (HSVC) is used to capture
a video footage du ring short int ervals o f 0-40s. Besides usin g HSVC, vi deo
recordings o f the tests were performed to analyze debris flow characteristics. This
paper presents about the routin g of 1 imestone grains at t wo different slop e angles
which of 18° (mild) and 25° (steep). Results of the deposition patterns for each case
are discussed.

Keywords: debris flow, non cohesive, physical model, limestone
mechanisms (Takahashi, 1 981 and T akahashi et

al., 1992), deposits (Innes, 1985) and case studies

of e xtreme eventst hat causedd amageo r

1. Introduction

Debris flows are mass movements consisting

of g ranular solids, w ater a nd air m oving as a
viscous flow, sur ge do wn slope in r esponse to
gravitational a ttraction (Iverson, 1 997). Debris
flows include many events such as debris slides,
bris flood s,
mudslides, m udspates, h yperconcentrated flow

and lahar ( Johnson, 1984). Inte raction of s olid
and flu id forc es n ot on ly d istinguishes de bris

debris tor rents, de mudflows,

flow ph ysically b uta Iso gi vesthe m unique

destructive power. Becauseo ft heir high
velocities in the ord er of sev eral meters pe r
second, they are the most dangerous type of mass
movements and c ause significant e conomic loses
as well a s ¢ asualties (M artinez et al., 1995).
Debris flow ma inly de alt with lab oratory stu dy

(Bagnold, 1954), modeling trigger and movement

casualties (Villi and Dal Pra, A. 2002)

This paper was a preliminary study about the
routing of the debris flow with limestone. These
paper presents and discusses about the routing of
limestone grains att wo different slo pe a ngles
18° ( mild) and 25 ° (s teep) by
conducting a p hysical model o fe xperimental

which a re

study. This paper starts with the presentation of
the experimental set up whi ch in cludes material
used, data collection and experimental procedure.
Comparison results of the deposition patterns for
will be

conclusions o fth e | imestone g rains d eposition

each case dis cussed and fin ally

pattern had been made.



Fig. 1 The debris flow experimental model

2. Experimental Set-up

In order to investigate the debris flow and its
deposition process, e xperiments we re cond ucted
in laboratory. They were carried out in an indoor
experimental fl umen ear Ujigawa Op en
Laboratory, Kyoto University. The model consists
of three main parts which are debris flow water
box, debris flow rectangular flume and the debris
flow de position b oard. Fig.1 sh ows th e de bris

flow experimental model.

2.1 Water intake box
Atthet op e nd the re is
(debris flow water box) with 1m long, 0.8m width
and 0. 7m h eight c an be filledupto 0.56m’ of
water. It is

storage container

equipped w itha ga tethatcanbe
opened instantaneously by a gate controller. This
gate is loc ated at the bottom of the boxas a
function to supply water through the rectangular

flume.

2.2 Rectangular flume

The debris flow rectangular flume dimensions
were 20 cm width, 20c m depth and with 300 cm
effective fl ow 1 ength. The flume was supported
with a moveable pr op, which ¢ ould b e m oved
back and forth to adjust the flume slope ranging
from 5° to 33°. Rec
transparent

tangular flume with
sidewall ¢ losely ¢ onnected th e

downstream end of the deposition board. This

transparent side wall is very use  ful dur ing
observation andi mage cap turedb yav ideo

camera.

2.3 Deposition board

The debris flow deposition board with at each
side 2m long was divided into grid. The gridding
system is different depend on the deposition area.
In the middle of the de position board, the grid
size was smaller than other part b ecause in this
area the co ncentration of the materials is hi gher.
The bo ard w as d esigned as an e xperimental
device, so that its slope could be adjusted as one
wanted. Th e bo ard a nd flume were smoothly
connected. T he d eposition b oard sl ope v aried
from 0° to 7°.

2.4 Materials

In this stud y, two different sizes of materials
were use d. Each material ca n beea sily
ked at the

materials were white and black color respectively.

differentiated by loo color. The
The un it w eight a nd m ean gr ain si ze of black
grain were 1.5g cm™ and 6 mm re spectively; the
unit weight and mean size of the white grain were
2.7g cm™ and 2.5mm, respectively. For single run
the total weight o f each material had been used
were 10. 1kg ( white) and 8.64kg ( black). T hese
materials were mixed up before been used for the
experimental study.
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Fig. 2 The diagram of the experimental set-up

3. Experimental Procedure

Two c ases of la boratory experiments were
conducted in this stu dy with 18° and 2 5° slope
angle. Experiments were conducted separately but
the water discharge was set as same for each case.
The debris was placed 2m from the bottom of the
rectangular flume. The detail of debris load in the
rectangular flume is show n in Fig.2. This de bris
was w ell mixed up be tween black a nd white
materials. For each case o f study, at least three
times the e xperimentsh adb eenm ade to
understand the limestone particle distribution and
movements.  Discharge was su pplied from th e
upstream end of the channel through Gate 1.

A co nstant dis charge ( 3.0l/s) w as sup ply
within 10s u ntil the w ater was fu lly sa turated
inside the debris materials. When the debris was
fully saturated then Gate 2 will be opened. High
speed v ideo camera (H SVC) had b een placed
under there ctangular fl ume tocap turet he
movement characteristic of the individual particle
grain. HSVC can capture a video footage during
short intervals time (0-40s). Two vide o cam eras
setat d

continuous an d si multaneous p rocess of d ebris

were ifferent I ocations to r ecord
flow de position pro cess. Video recording of the
experiments w ere pe rformed to analyzed d ebris
flow characteristics and captured the formation of
debris flo w de position pr ocess. The dia gram o f

experimental set-up is shown in Figure 2.

4. Data collection

In this s tudy, th e d ata collection ¢ an be
separate to two parts which are sampling of the
materials an d obse rvation of  the material
depositions. Fig.3 shows the summarized of the

steps taken for data collection.
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Fig. 3 Steps taken for data collections

3.1 Sampling
The objective of the sampling processes is to
get the percentage of ma terials at different node



at different height. This process invo lved fou r
steps. F irst s tep w as mate rials ¢ ollection a t
certain node that been i dentified. This method
was done by using special equipment made by the
author. A fter that, materials at d ifferent height
had been packed and marked. Then each packed
had to be dried at 105°C for 24 hours. The last
step just afte r dr ying proc ess was by take a
weight of each sample.

3.2 Deposition observation
The objectives of this method are to

understand t he particle c haracteristics, particle

the physi calda tao ft he

aterials. O bservation ofth ¢

distribution and
deposition m
deposition pr ocesses inc luded ( 1) measuring
deposit s hape andt hickness distribution, (2 )
mapping surface structure, (3) deposition contour
sketch a nd (4)
photographs of the stages of the debris deposition

reviewing vide oa ndstil 1

formation. These four processes had to be done
and re peated more t han once ti meto gett he
accurate results.
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5. Results and discussions

The d eposition f ormation o bservation had
been done at three stages which were 3s, 5s and
final stage.

Figure 4 and Figure 5 show s thr ee stag es of
material de position for mation for cases 18° and
25° respectively. Fig.4 shows the highest contour
was 6cmd uring S5sa ndthe shape of the
deposition 1 ooked sy mmetry at each side. From
the results it can be co ncluded th at the slope
angle 18 ° di dno t ga ve a high im pact on the
deposition sh ape how ever, the materials
segregation were well distributed. In case of 25°
slope angle, the movements of the materials were
much faster t han case 1 8°. This canb esee n
clearly during 3s observation. The disp ersion of
the materials in th is case was at Row I but for
case 18°w as justa t Row F. This p henomenon

exists because of the kinetic energy got from the

materials itself.

4 567 8910 1
Final stage

Fig. 4 Three stages of debris formation for case
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Fig.5 Thr ee stages o f de bris formation fo r



Materials placed at higher slope angle have a

greater kinetic energy compared to the lower once.

Furthermore, occurrence o f the hig h ki netic
energy gi vesa bi gi mpacta tt he materials
deposition sha pe. As a result, th e deposition
was not symm etry and the debris run out was
further then case 18° . Fig.5 sh ows the thr ee
stages of de bris formation for case 25°. Table 1
shows the percentage of materials at 18°. For the
sampling r eason, 10 no des weres elected a s
The trend of w hite

material was decreased from nodes C9 to K 7. In

marked in ye llow color.

contrast, t he bla ck m aterial was inc reased. The
volume of the debris covers up starting from Row
A to L and Colum 3 tol1. The debris length was
1.13m and the width was 0.9m. Table 2 shows the
percentage of material deposition at 25°.

In this case, 9 nodes were selected as marked
in ye llow c olor. T he le ngth a nd w idth of the
debris for case 25° was 0.32m longer and 0.1m
shorter than the case 18°. Results of the materials
distribution for this case can be concluding as no
trend. White m aterial so as bl ack material was
distributed in the

situation happen because of the deposition shape

ir ow n characteristic. This

was not symmetry affected of high kinetic energy.
For future study, more sampling node should be
taken to ge t more data to unde rstand the shape
and materials composition distribution. Fig.6 and
7 sh ows th e co mposition of the materials at
different height at each node for case 18° and 25°
respectively. T he numbers in the bracket means

the height (cm) of the deposition.

Table 1 Percentage of materials at 18°

Node White (%4) Black (%a) A

B

C

co 75 25 D

D2 80 20 E
s F 1.13m

E9 39 41 G

E7 67 33 H

F8 63 37 !

Go 54 16 2

G7 54 46 L

7 3 M

i ; N

I7 43 55 O

K7 335 63 P

3 45678910 11

0.9m .

Table 2 Percentage of materials at 25°

Node White (%) Black (%) of
C
E9 60 40 E
F8 69 31 F
G9 53 47 G .
a7 62 38 o
HS 60 40 )
19 50 50 *L‘
17 57 43 v
18 44 56 N
K7 67 33 ';_;' :
3 45678910 11

0.8m
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Fig.6 Materials distribution at different height for Case 18°
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Fig.7 Materials distribution at different height for Case 25°

4. Conclusions

The size of t he deposition is represented by
the area, length, width and thickness, and it may
be a ffected by re ctangular flum e base slop e.
Larger slope angle shows that the deposition run-
out length is bigger than the smaller slope angle.
On other hand, contrast results for the width of
the dep osition. Th e materials co mposition at
deposition area clearly showed the characteristics
of the particle segregation. This data can be used
as ani nput data f or co mputational n umerical
simulation. The follow ing futur e works will be
done for this research. Firstly artificial r ainfall
will be used to understand in more details about
debris flow ph

the oc currence of enomena.

Besides that, different type of materials will be

used with combination of different case of studies.
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