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Laboratory experiments were performed to investigate the effect of mud slurry on the flow resistance of cohe-
sionless particles in debris flow. For one thing, natural angles of repose were measured for the gravel materials
resting in air, in water, and in mud slurry separately. For another, rheological tests were taken using a vane rhe-
ometer tomeasure the torque-time response of sand particleswithinmud slurries of varying solid concentrations
both at low and high rotational speeds. The stable torque obtained at the low rotational rate, which represents
flow resistance primarily caused by particle contact friction, was nondimensionalized to compare the internal
friction coefficient in each case. Furthermore, flow resistance of sand particles within one of the mud slurries
was measured over a wide range of rotational speeds to compare with that in the dry system. It was found
that themud slurry has no significant effects on the frictional coefficient of cohesionless coarse particles. Howev-
er, the mud slurry tends to decrease flow resistance of the particles, with the effect being more significant at
higher rotational speeds or for more concentrated slurries. This derives from excess pore fluid pressure, which
is easier to maintain at higher shear rates or within more cohesive slurries.
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1. Introduction

Debris flow is a natural phenomenon with the flow behavior be-
tween those of hyper-concentration flow and landslide. The solid frac-
tion in debris flow has a wide size distribution varying from clay
particles to boulders. It is not uncommon to regard debris flow as
pseudo-homogeneous and describe its behavior with rheological
models. This method encounters difficulties in explaining some com-
plex phenomena with debris flow, such as particle size segregation
[1]. As a result, two-phase fluid models have been increasingly
employed in dynamic simulation of debris flow [2–4]. In such models,
the fluid phase is comprised of water and fine particles homogeneously
dispersed inwater, while coarser particles constitute the solid phase [5].
Both Binghammodel and Herschel-Bulkleymodel arewidely utilized to
characterize rheological properties of the fluid phase [6]. A number of
studies have focused on this issue and reveal that the rheological pa-
rameters are influenced by such factors as particle size distribution,
solid volume concentration, and mineral composition [7–8]. Particles
that comprise the solid phase of debris flow are cohesionless. Their
flow characteristics are similar to that of granular flow, in which field
paramount progress has been achieved in recent years, including the
rheological expression in flow resistance of monodisperse particles
[9–10] and particle size segregation in polydisperse granular avalanches

[11–12]. For debris flow, clay particles are included in the fluid phase.
Flume experiments suggest that the existence of a certain fraction of
clay minerals contributes to maintaining excess pore water pressure
in debris flow and thus enhances itsmobility [13–14]. Consequently, in-
fluences exerted by the fluid phase on flow resistance of the solid phase
should be taken into account.

Some researchers have conducted studies regarding effects of inter-
stitial fluid on granular flow. Experiments on granularmatter in Newto-
nian fluids in a rotating drum reveal that velocities of the particles
decrease with increasing fluid viscosity, while the angle of repose with
a liquid interstitial fluid is larger than that for the dry system [15–16].
Using a pressure-imposed shear cell, Boyer et al. [17] study the rheology
of cohesionless particles dispersed in a fluid with the same density as
the particle and establish relationships of the frictional coefficient and
the solid volume concentration with a dimensionless viscous number.
Fluids employed in these studies were Newtonian. In contrast, the
fluid phase in debris flow is mud slurry which exhibits yield stress and
probably produce different impacts on flow behaviors of granular mat-
ter. In this respect, experiments conducted by Ancey [18] provide some
valuable results. Making use of vane rheometry, Ancey [18] investigates
the bulk behavior of concentrated suspensions of coarse and fine (col-
loidal) particles in water and finds that the bulk behavior varies both
with the concentration of fine particles and the shear velocity.

The present researchmainly refers to themethodusedbyAncey [18]
and studies effects ofmud slurry on the flow resistance of granularmat-
ter. Instead of paying attention to flow behaviors of the suspensions, we
focus on comparing the flow resistance of cohesionless particles inmud

Powder Technology 310 (2017) 1–7

⁎ Corresponding author at: Key Laboratory of Mountain Hazards and Earth Surface
Process, Chinese Academy of Sciences, Chengdu 610041, China.

E-mail address: yanghj@imde.ac.cn (H. Yang).

http://dx.doi.org/10.1016/j.powtec.2017.01.036
0032-5910/© 2017 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Powder Technology

j ourna l homepage: www.e lsev ie r .com/ locate /powtec

http://crossmark.crossref.org/dialog/?doi=10.1016/j.powtec.2017.01.036&domain=pdf
http://dx.doi.org/10.1016/j.powtec.2017.01.036
mailto:yanghj@imde.ac.cn
Journal logo
http://dx.doi.org/10.1016/j.powtec.2017.01.036
http://www.sciencedirect.com/science/journal/00325910
www.elsevier.com/locate/powtec


slurries of different concentrations. In this paper, Section 2 introduces
experimental materials and procedure, while Section 3 analyzes the re-
sults following which is the conclusion part.

2. Experimental procedures

2.1. Experiment on the angle of repose

For cohesionless particles, the angle of internal friction approximate-
ly equals the natural angle of repose [19]. As a consequence, effects of
mud slurry on the internal frictional angle of granular matter could be
preliminarily examined by comparing the natural angles of reposemea-
sured in air, in water, and in the mud slurry, respectively.

2.1.1. Materials
To prepare the slurry, we used the fine fraction (b1 mm) in the de-

brisflow sediment sampled from Jiangjia Gully, YunnanProvince, China.
According to the measurement by a Mastersizer 2000 laser particle size
analyzer, themedian particle size of thematerial is 0.022mm,with clay
minerals (b0.005 mm) accounting for 24.8%. The particle density is
2752 kg/m3. Dongchuan Debris Flow Observation and Research Station,
Chinese Academy of Sciences has carried out observation at Jiangjia
Gully for N50 years. Measurement data show that in viscous debris
flows, the densities of which are N2000 kg/m3 [20], the solid volume
concentration in slurry suspensions comprised of fine particles
(b1 mm) and water changes from 0.248 to 0.443, with an average of
0.349. Based on the average concentration, we prepared themud slurry
with a bulk density of 1611 kg/m3. All the fine particles could maintain
suspended for a long time in the slurry. Gravels of 10–20 mm in size
were used as coarse particles in this experiment. The particle density
is approximately 2750 kg/m3. These gravels could settle immediately
in the slurry.

2.1.2. Experimental setup and procedure
The experiment was performed in a horizontal glass tank, which is

100 cm long, 30 cm wide and 70 cm deep. Considering the
nontransparent feature of the slurry, we used the following procedure
to get the natural repose angle of gravels in the slurry: (1) prepare the
slurry and pour it into the tank, then mix the slurry thoroughly by
hand; (2) pour the gravels into the slurry gradually along the central
line of the tank surface (Fig. 1), thus a sediment deposit is formed;
(3) use a fine thread (0.25 mm in diameter) tied to a steel bead
(20 mm in diameter) on one end to measure the distance between
the deposit surface and the tank surface at specific positions, which
are 1/3 or 2/3 of the width to the long side wall of the tank with an in-
terval of 5 cm, as illustrated in Fig. 1; (4) plot themeasurement data ver-
sus the distance between the measurement position and the short side
wall of the tank, and then fit data pointswith a straight line, thus achiev-
ing the angle of repose.Whenmeasuring the angles of repose in air and
in water, the same procedure was followed except step (1). For conve-
nience, this method for determining the angle of repose is called thread
method.

To check accuracywith the threadmethod, the triangle method was
also employed when determining the angles of repose in air and in
water. In this method, a triangle was depicted on the wall following
the deposit surface [19], as shown in Fig. 2. Therefore, for coarse parti-
cles depositing in air or in water, we got four angle values with each
method in one test. For these cases, the test was repeated once. For
gravels depositing in the slurry, therewere no repeated tests. Neverthe-
less, in this case additional measurements were performed at positions
that were 1/6, 1/2, or 5/6 of the width to the long side wall of the tank,
thus generating ten angle values in total.

2.2. Rheological experiment

2.2.1. Materials
Mud slurries in the rheological experimentwere preparedwithfiner

particles (b0.075mm in diameter) than that used in the experiment on
the natural angle of repose. These materials were also collected from
Jiangjia Gully. The particle density is 2752 kg/m3 and the median parti-
cle size is 9.5 μm. Six different slurries weremadewith the solid volume
concentration Cvf ranging from 0.048 to 0.292, as listed in Table 1. Rhe-
ological testswere performed on these slurrieswith the roughened con-
centric cylinder system of an Anton Paar Physica MCR301 rheometer
(radius of the rotor: 15.22 mm, length of the rotor: 45.60 mm, radius
of the cup: 21.00 mm, roughness: 0.5 mm). The curve of shear stress
versus shear strain was used to derive yield stress [21]. Repeated tests

Fig. 1. Measurement positions with the thread method.

Fig. 2. Sketch map of the triangle method.

2 H. Yang et al. / Powder Technology 310 (2017) 1–7



Download English Version:

https://daneshyari.com/en/article/4915021

Download Persian Version:

https://daneshyari.com/article/4915021

Daneshyari.com

https://daneshyari.com/en/article/4915021
https://daneshyari.com/article/4915021
https://daneshyari.com

