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Abstrak

Afiran debris merupakan suam tipe gerakan sediven dengan jumiah hanyak, yony ferjadi pada wakiu
guaung api meletus atay dafam bahasa Indonesio disebul afivan lahar. Tujuen penelitian ini adaioh
mengembanghan suatu percobaay untuk menentuban farakieristik afiver & atas dasar saluran tetap dan
berperak yung mendekati sifat afivarn debris. Beberapa parameter aliran diperibsa dengan maksud notuk
menyetahnl vituasi aliran dap fuse coyo geser aliran terhadap portikel dapat ditiniau, Jadi hnbungen
antare beraraya konsentrasi sedimen dengan hedalaman aliran don diameter partikel serta paya gesek
diatas dasar safuran dapat diketobul Khusunva gaya sevet hutivon pang bekerje pada sugty Hang telah
divskur untuk menentukan Kogfisien kekesaron alfran debris pang menyerupat tipe alivan di lapangan.
Akbiraya parameter-paramaeter karakterisiih ofiran yang tefah divkur, iu dapar dibandingkon dengan
Rty sama laimeva,

Kaig Knnci » Aliran Debris, Konsentrasi, Anghutan Sedimen

Absfract

Bebris flaw as a fpe of massive sub-aerial sedineni motion, which occurs of the e of voleanic
eruptfons is sometimes called lahar, tn Indonesion term. The purpove of this study s to develop an
experimeni for determining the flow characteristics an fived and movable beds, which cfose to real debris
Auow. The parameters goverwing the flow situation are examined, and the frictional drag of the flow on
the porticles was considered [n porticelar there iy an understonding of the relationships between
concerdration, fow depth and particles diameter. and friction force on a bed Special drag force on u pile
was meastred fo imvestigare friction cocffivient of defivis flow as tpical prablem. The flow characieristics
parameters were medsured Jor comparison,
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1. Introduction

In this study, the debris flow (s delined
as the sediment-waler mixture with high
concentration  [3]. Most  literatures
concerned  with the hyperconcentralion
phenomena emphasize the effect of large
concentration of fine sediments on bed
matcrial transport. For extremely large
sediment concentrations including mud and
debris flows, the mechanics of movement
and flow properiies differ greatly from
clear-water flow. Since the tlow contains
solid and liquid phascs, there exists the
effect of each phase on the flow behavior,
However it is diffteult to distinguish the

role of each phase. Therefore, to a first
approximation the effect of solid phase only
was dizcussed under the condition of high
concentratior.  Many researchers pointed
out that lurbulence of mixture flow plays a
major role in larger values of the ratio of
Mow depth to sand diameter [1,7]. To aid in
the understanding of these flows, non-
dimensional paramcters is needed to
explain sediment properties, velocities,
resistance and transport.

The flow tehavior changes
corresponding to the various conditions. It
is necessary {o cxamine parameters
governing the flow situation and test their
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cffect by making experiments. In the
present  work, the  non-dimensional
parameters  for determining the (Oow
situation is obtained, and also 1o discuss
[riction forces acting on a bed and drag
forces on a tube as typical problems.

2. Literature Review

2.1. Parameters Governing Flow Situation

In their previcus work, Hashimoto, H.
and Hirano, M. {6] consider that debris flow
as two-phase flow, namely, grain and water
phases, as shown in Figure 1.

Figure 1.
Sehematic diagram of gravity flow
of a sand-mixure

Theretore, the mean velocity of steady
two-dimensional rapid flows of sand-water
mixture in open channel is governed by the
x-momentum equation,

du  Ou 1 dp ][afu gr .
V= —

u—+ — _____l_ —_
Ix &, oo ol 8z iz
v (1)

where p, = p (1 — C) + aC is density of
mixture flows, v and v are velocity
components in the x and z direciions,
respectively, o s density of grain, p s
pressure including gravity components of
the flows, 1, and 1, are intergranular-
stresses, Flere, the Reynold’s stress due to
the torbulence of the interstitial water is
assumed neglipibly minor compared Lo the
intergranular-siresses.

Further, tor the two-dimensional shear
flow, the equations of intergranular-stresses
can be written in the form,

)

o — Ko ol F(C) (i)’

o = Koy o F (C) (duide)’

where d is grain diameter and F (C) is a

function of grain concentrations C and C. in

the flow and in the bed, respectively, such

that

. w2

Fey= =) &)
1=,

If 1] is a characteristic velocily and 1. is

a characterishic length, the incrtia terms in

Equation (1) are cstimated as U%/L and the

intergranular-stress terms as d°F{CIUNLY.

Therefore, from of these terms can be
defined as the ratic of inertia to the

_ inlergranylar-stress, which is indicated by

UL __1___[5]‘7‘ @
&FEOWIE Fie\d

Thus L/d and € are two unknown
parameters and should be  determined
experimental. At larger values of C and
smaller values of L/d, intergranuiar stress
terms play major role compared to the
ineriia terms. At smaller values of C and
larger value of L/d, on the other hand, the
tnertia term become important relatively 1o
the intergranular-siress terms.

Since the depth of shear laver is
appropriate for a characteristic length, flow
depth h can be chosen as L in the discussion
of [riction forces acling on a bed in open
channel flows, and the diameter of a pile d.
can be chosen in that of forces D on the
pile.

2.2 Drag Forces on the Pile

Drag force Id due ta such mixture flows
on a pile of unit length is divided into two
forces; one is due to water phase and the
other due to sand phase [3, 4]. They assume
that the drag coetficient Cp doe to the both
phase are cxpressed by

D= ’g'ﬁldf.fu ()

230

JURNAL TEENOLOGE, Edisi Nod, Tahun XVITL Descrmber 2004, 24%-253



Mimily va Mo -Dimewsional Porameter Govening Lebris Flaw

where v is the flow velocily,

‘The mixture flows on the fixed beds
have approximaicly umform disiribution of
velocity and concentration. "Therefore u and
iz approximately equal to average
velocily d and flux-averawed concentration
Cr, respeclively, Subsiituting rcasurements
of drag force T, mean velocity b and flux-
averaged concentration C, into Equation
(%), s that dray coefficient Cp can be
found.

3. Research Methodology
3.1 Equipment

The experiment was conducted in a
laboratory flume having a width 12.5 em
and length 12 m. Two Kiads [ixed bed were
used: one 15 made of acrylic board and the
ather of plywood, The Mow couold be
adjusted from 0 to 250 cm'/s, and the slope
from horizontal Lo 187 Slope variation was
achicved by raising or lowering  the
upstream end of the flume with tackle. A
schematic diagram of this Mume is shown in
Figure 2.

Bod material

Fixcd bed Piles

Figurs 2,
Schematic diagrsm of o

3.7 Bed Material

YVarions  sands  were used as  hed
materials, which have various sizes of d.,.
According 1o grain &ec, the malcrials
divided into two catepories, namely, finer
and coarser materials. ‘The materials having
gize of d=0.07 mun, 0.09 mm, 0.17 mm, 029
mm, 5.55 mm, and 0.80 mm arc termel as
finer sand, while d—0.80 mm, 1.24 mm,
1.2 wm, 4.40 n, and 700 mmoare
termed as  coarser sand. Al of the

experiment maicrials and conditions arc
shown in Tahle 1, in which o/ pis

specific gravity.

Table 1,
Experimental materials and conditions
d =2 £ f}“ ld]_ Quo
{mim) (mm) | (cm'is)
!

007 263 14° & 104
(.09 2.a0 14" 3 1040
0.17 2.61 418" | 6, 8 1660, 200
0,29 2.62 14° 2 1 (i
.55 2.65 14" 8 100}
f_k0 2.64 R-18" | 6, 83 10,200
1.24 265 14° B 100
1.0 2al 14* 5 100
4 .40 2.59 4°-18° | 6,8 00,200
7.0 263 818" | 6,8 100,200

3.3 General Procedure

In the case of debris flow an movable
bed, for the work reported here the flume
bed was covered with a sediment layer
ahout 10 cin, Prior to an experiment, the
sediment bed was saturated with water
which is assumed as a ground water, q,.
Then a constant rate of clear water was
supplied suddenly from upstream end of the
tlume o produce a debris flow, The Mow
depth and flow velocity were measured by
taking the pictures of flows from the flume
side direction, wilth gither a video camera or
4 16 mm high speed camera rmnning at 100
framesec. The pictures were laken at the
side of the flume 1.03 m distant (rom the
downstream end, in a plane perpendicular
ty the axig af the channcl. The velocity of
graing, u and the averape depth of flow, h
were measured visually by projecting the
film repeatedly at a speed of 5 or 10
frames/s.

In the case of debris flow on fixed bed,
prior to the start of a test, the material was
spread at the upstream part 7 m in length
and 11 cm in thickness and saturated with
water, ‘The water was supplied from
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upstremn end of the flume, then a flow of
sand-water mixture occcurred and flow on
the fixed bed. Futher, procedure for
measuring the other parameters were same
as that case of movable bed.

For measuring the drag forces due to the
clear watcr and debris flow, they used two
kinds of pile; one is 38.5 cm long and its
diameter is dp = & mm, and the other ig 32.5
em loag and dp = 6 mum. Strain gages were
attached to the upper end of the piles [or
megsuring drag forces exerted on them. The
video camera was used 1o measures
catching time of debris flow at the
downsiream end of flume. Flow depth was
measured at 1.05 m from downstream end
ol the flume by use of a video camera too,
which is placed on the right side of the
flume. Measurements were made during
each run.

4, Result and Discnasion

4.1 Estimation of Resistance Coefficient

Flow resistance of fixed and movable
beds may be defined in terms of velocity
ratio, UM, then w discoss about how to
estimate friction factor for debris flow. In
application, this estimation was based on
the value of relative flow depth and flux-
averaged concentration. By definition, the
Darcy-Weisbach friction factor £ 1s given

by (6]
" 2
f’=2[ _‘} 6

where us = ghsinf is friction velocity

and ¥ =g-% i5 mean velogity.

Consideration of the processes of flow
indicates that flow resistance is a [unction
of the combined from drag of the sediment
particles, bed channel shape, concentration
of sand, bed form drag and sand movement
cffects, As the ratio of [low depth to samd
size h/d plays an important role all these
processes, the friction factor £ 15 plotted
against h/d using the flume data of the fixed
and movable beds in Figure 3,
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Variation of fmetion cocfficient £
with relative depth hid
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Variation of friction cocfficient £
with flux-average concentration Cr for gravel
material

It is found that £ sharply decreases with
h/d at smaller value of hid, and gradually
decreases at the larger valoes for movable
bed. On the other hand, the values of © are
abmost constant for fixed bed, Thus, it is
found that different values of ° appear at
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the region of h/id =25, but the same values
at the regton of hid = 100, for fixed and
movable beds.

The effect of sand concentralion on the
friction factor is shown in Figures 4, 5 and
6, where " is plotted against flux-averaged
concentration for three beds conditions with
the certain values of h/d. The valoes of
become almoslt constant against Cr in the
case of fixed bed of the acrylic board, bul
for other cases, the value of ° increases
wilh Cr. Those figures also show the value
of {7 sharply increases with Cy at smaller
values of h/d and f° gradually increase at
larpe walues of hid. 1t may thercfore be
concluded that fow  resistance wvaries
directly with sand concentration.
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Variation of friction coefficiont £
with flux-averaped concentration Cr lor coarser
material

Since  inlcrgranular-stresses  become
smaller at h/d =100 in the three cascs, the
velocity distribution can be expressed as a
logarithmic law [2, 4],

M,—# 1 z
3 =—-—ln— 7
i xnh 2

wherg u, is surface velocity and & is the
Karman's constant. For determining &
value, namely, first to delermine the value
of uy/ue in Figure 7, then from Fipure 8, it
can estimale the value of a@(u, — )/ u. hy

using straight line. Therefore, the values of

x can be calculated by uging Equation (7).
Finally, the & values are plotted on Figore
0. This figure shows the scattered x
values. ‘Therefore, the experimental results
rive thal & is approximately 025 ~ (.46,
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Figure .
Variation of friction coefficient
with flux-averaged concentration
Cy for finer material
3.2 Drayg Coefficients

The average valucs of variables or
parameters [or each experimental run were
obtatned by results of experimental work of
the Taguma ef al. [7]. Using the measured
data graphs was drawn to invesligate the
rclationships between: (13 Cp/Cow and d, /d;
{(2) C'Cryw and Cy as shown in Figures 10
and 11.

Figure 10 shows the resistance curve for
a pile; on a logarithmic coordinate system,
the relative drag coefficients Cp/Cry are
ploted  against  the  non-dimensional
diameter of the pile dp/d. As can be seen
from this Nyure, Cplpw value rapidly
decreases with dy/d at its smaller values,
gradually decrease at the larger values and
tend to approach to unity. This implies that
the mixture flows behave like clear water
for larger dyfd. In the case of clear water the
measurements of Cpy were done al
Reydolds numbers of Re = 9800 ~ 21100
Here Re is the symbol used for the
Reynolds numbers, defined as Re =
wehdv, where v iz the kinematics
viscosity. For clear water flow under this
condition, turbulent resistance is dominant.
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Hence for larger difd the drag force are 16 e T
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found due (o turbulent resistance of mixture e —_ T
Cow ] 8| X|&
flows, T s T lelOol+ 14
This result corresponds to the discussion in . A j i | L
previous section. 10 gy EIEERE. o SAnL 3
Figure 11 shows the relation of Cp/Cow T ,’ : Fﬁ 1] AL
and flux-averaged concentration Cr. it s | o '
found that the relative drag coefficient of 100 ke i A0 EEHE
CofCny decreases with a decrease in Cy, I e B Ry i s B
and tends io approach to unity for smaller - ] |
Cr. This shows that the role of interstitial i) o i
water becomes important at the smaller jortbood LiLiil] B8 8 1
values. Such dependence of relative drag .ot 10! it Crof
caefficient CopfCrw on non-dimensional pile
diameter difd and concentration Cp is Figure 11,

Variation of relative drag coefficients wirh

similar to that of friction coefficient ° on 4
concentration

relative depth 1/d and concentration Cr; this
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result verifies that b and Cr for the
determination of friction forces acting on a
bed, and d,/d and Cy for that of drag forces
on # pile are significant non-dimensional

parameters
8. Conclusions

This swdy of pon-dimensional
parameter governing debris flows in steep
channel indicates that:

1. Sand concentration, C; and non-
dimensional parameters diameter, Lid
determine the flow situation of sand-
waler mixture flow at  high
concentration.

2. Fricuion forces, T on a fixed bed in
open channel-flow varier as a funciion
of concentration, Cr and relative flow
depth. When the relative flow depth,
hid < 20 and concentration, Co = .25,
the intergranmular-stress terms in the
momentum equation play dominant
role. On the other hand, at the larger
relative deplh, major effect of the
inertia terms has been confirmed.

3. For non-dimensional diameter such that
difd < 10 and concentration such that
Cr =030, forces due to multi-hody
¢ollisions are dominant, Diependence of
drag coeftficients of pile on di/d and Ct
15 similar to that of friction coefTicients
of hed on h/d and Cr.
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