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The generation and development of excess pore water pressure directly affects the grain
interaction in debris flow, which can significantly reduce the friction strength and promote
the movement of debris flow. It has been found that coarse grains favor the increase
in excess pore water pressure, but the effect due to grain configuration is missing in
studies. In order to study the influence of grain configuration, field investigations and
laboratory tests were carried out for two typical cases, i.e., flow with coarse grains
evenly mixed (case I) and flow with coarse grains floating on the surface (case II). The
results show that case II generates much higher excess pore water pressure than case
I. The variation of relative excess pore water pressure (Ur) with time (t) satisfies the
power function relationship: Ur = mt−n . Case II often has a smaller n value, meaning
a low dissipation rate of excess pore water pressure. This study is helpful for a better
understanding of granular effects in debris flow.
Keywords: debris flow, grain configuration, excess pore pressure, mobility, acceleration

INTRODUCTION
The wide-graded grain composition (from 10−6 m clay to 1 m gravel) plays a decisive role in the
formation and movement of debris flow. The change of grain composition affects the dynamic
parameters, such as viscosity, velocity, and density (Iverson and Denlinger, 2001; Iverson and
Vallance, 2001; Li et al., 2015, 2016). The separation and migration of grains cause changes in
the volume concentration and the physical properties, leading to a complex, random, and unstable
structure (Kaitna et al., 2007; Chen and Cui, 2017; Cui et al., 2017). Granular materials often exhibit
manifold properties such as dilatancy, separation, thixotropy, and blockage, these affect the grain
composition and the movement of debris flows (Savage and Lun, 1988; Coussot and Meunier, 1996;
Shu et al., 2012; Wang et al., 2014; Pellegrino and Schippa, 2018). There have been many studies
on the granular effects and structures and the related mechanisms in debris flows (Bagnold, 1954;
Middleton, 1970; Cui et al., 1993; Deng, 1995; Vallance and Savage, 2000; Luo, 2003; Ni and Qu,
2003; Yang, 2003; Fan, 2010; Shu et al., 2012), but no studies on the influence due to the detailed
grain configuration on the sustained fluidity.
A typical bedding structure is that coarse grains (sometimes larger than 8 mm) accumulating on
the surface, while the average grain size of the underlying layer is smaller poorly sorted (Enos, 1977;
Major, 1995; Wang et al., 2009). This means that there exist roughening layers on the surface; and
it is believed to influence the pore water pressure (Takahashi, 2014). In particular, unlike the point
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concentrated load generated by the boulder, the layered load
generated by the overlying coarse-grained layer is a concentrated
load applied to the underlying fluid, and the consequent effects
on fluids are extensive. For the debris-flow mass containing the
overlying coarse-grained layer moving in the confining channel
(Pierson, 1981), the influence of coarser grains accumulating on
the surface on its mobilization has not been studied in depth.
In this study, through the fresh debris flow materials
and deposit obtained in the field, the samples of two grain
configurations were reconstituted, and then the variation of
relative excess pore water pressure was measured by laboratory
experiments. The peak relative pore water pressure caused by
grain separation was compared. Finally, through the quantitative
analysis of the change of relative excess pore water pressure,
the influence of coarse-grained layer on the mobility of debris
flow is discussed.

where L is the channel length (m), g is the gravitational
acceleration (9.8 m/s2 ), H is the flow depth (m), Df is hydraulic
diffusivity (m2 /s). The Np of each surge is much less than 1,
indicating that excess pore pressure, if present, will persist much
longer than the time required for the flow to move along the
channel. This shows that the excess pore water pressure always
exists in the process of debris flow movement, and its value must
have an impact on the dynamic characteristics of debris flow.
The factors affecting the velocity of debris flow are complex
and diverse, and we will not discuss it in detail here. We
are more concerned about whether this reverse graded
bedding structure contributes to the flow acceleration.
As changes in grain composition and the presence of
grain separation can affect intergranular friction and pore
distribution, the pore water pressure is inevitably affected by
the overlying coarse-grained layer; and this must impose on the
movement of flow.

FIELD INVESTIGATION AND SAMPLING

Sample Collection and Grain Analysis
In order to explore the feedback effect of the above two grain
configurations on pore water pressure, on-site sampling of the
three surges (N04, N11, and N12) was carried out. Firstly,
the coarse-grained layer samples were collected, and then a
certain amount of the corresponding underlying flow mass were
sampled; finally, all the samples were sealed and stored in plastic
bags and brought back to the laboratory. Part of the sample was
dried in an oven and subjected to a sieving test. The fraction of
material less than 0.25 mm was measured using a MS2000 Laser
Particle Size Analyzer.
Finally, the grain size distribution (GSD) curves of the test
samples were obtained (as shown in Figure 4). It can be seen that
the GSD curves of the overlying coarse-grained layer are above
the underlying layer samples, indicating that the upper layer
contains more coarse grains. In addition, the general formula of
GSD, P(D) = CD−µ exp(−D/Dc ), is used, which derives the GSD
parameters (µ, Dc ) (Li et al., 2013). The parameter µ reflects the
change of fine grains. Dc reflects the range of grain composition,
the larger the value is, the larger the range of grain size variation
is, and the more the content of coarse grains is. It is found that
the Dc of the overlying layer is larger than that of the underlying
layer, which also indicates that the overlying layer contains more
coarse grains than the underlying layer.
In addition, a certain amount of deposition samples were
taken back to the laboratory in the main gully, different grain
groups were separated in the laboratory, and different grain
configurations were simulated in the laboratory in order to
compare with the natural debris flow samples.

The field investigation was carried out on a tributary gully
(N: 26◦ 150 300 , E: 103◦ 90 1100 ) in Jiangjia Gully (JJG), Kunming,
Yunnan Province. The small-scale debris flows in the tributary
are frequent and easy to observe on site. At the observation
position shown in Figure 1, the debris flows occurring in the
tributary were continuously observed for 7 h, and the in-situ
density (ρ), flow velocity (v), and flow depth (H) were measured.
During the period, a total of 24 debris flows occurred.

Grain Configuration
Each surge shows a different flow regime (Figure 2), and the
density, velocity, depth and grain composition are different. After
flowing through the gentle slope, some surges slow down in
the form of creep, while others show high mobility and move
continuously to the downstream.
Among the surges, three cases (N04, N11, and N12) have
obvious coarse-grained aggregation on the surface (see Figure 3),
i.e., reverse grading bedding, while the others have no such a
coarse-grained layer. The grain configuration shown in Figure 3
is significantly different from that shown in Figure 2. There are
also boulders with grains size greater than 200 mm on the surface.
These boulders are partially submerged in the fluid, partially
protruding, without turning or sinking, and the position is stable.
It is noted that the three surges move much faster than the
others and have longer run-out distances. The average velocity of
N04, N11, and N12 is 5.1m/s, and the average run-out distance is
27.4 m; while for the other surges the average velocity is 3.6 m/s,
and the run-out distance is 16.6 m. The density, velocity, flow
depth and pore pressure number (Np ) of the surge measured are
shown in Table 1. Np is an important dimensionless parameter
to describe the flow regime, which reflects the ratio of timescales
for debris flow movement and pore pressure diffusion (Iverson,
1997, 2015; Iverson et al., 2010).
q 
L g
Np = 2 
(1)
H Df

Frontiers in Earth Science | www.frontiersin.org

EXPERIMENT AND METHOD
Device and Principle
Debris flow does not always show uniform and mixed grain
configurations, and different configurations will be formed
because of grain separation under different dynamic conditions.
In order to explore the effect of configuration on excess pore
water pressure, a series of experiments testing static relative
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Shooting direction

Observation area in Field

Downstream of Menqian Gully
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Observation area in Field

Downstream of Menqian Gully
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10 m

FIGURE 1 | Aerial image of the tributary gully. (A) Top view of the middle and lower tributary gully. (B) Side view of the middle and lower tributary gully. (C) Upstream
of the tributary gully.

excess pore water pressure were carried out. The experiment
equipment consists of a cylindrical container, a piezometer and
an appropriate amount of gauze. The piezometer is a transparent
plastic tube with a diameter of 5 mm and a tube thickness of
1 mm, and a millimeter scale line is engraved on the outer wall
of the tube (see Figure 5). The test was carried out in a cylindrical
container with a diameter of 300 mm and a height of 300 mm. The
container was used to store the slurry of a certain density and a
certain upper limit grain size. During the test, the piezometer was
inserted into the prepared slurry sample, and its end inserted into
the sample was wrapped with gauze to prevent the grains from
entering the tube and blocking the tube hole to affect the pore
water circulation.
The pore pressure (U) in flow mass is the sum of hydrostatic
pore pressure (U 0 ) and excess pore pressure (Up ) (Hampton,
1979):
U = U0 + Up
(2)

Up
CV (ρr − ρ0 )
h1
=
=
U0
ρ0
h

B

N09

C

N15

D

N23

to the densities of solid grains and water, respectively. The Ur
value reflects the development and dissipation of excess pore
water pressure, and the maximum Ur value (Urmax ) reflects
the maximum pore water pressure at the corresponding time.
The process before the maximum Ur value cannot be seen as
a reflection of the true excess pore water pressure, but rather a
normal growth process before the real excess pore water pressure
is reached. When Urmax is reached, the change in Ur can truly
reflect the change in the size of the internal excess pore water

(3)

where h1 is the hydraulic head in the piezometer above the
flow surface, h is the depth of the piezometer below the surface,
Cv is the solid volumetric concentration, and ρr and ρ0 refer
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FIGURE 2 | Flow regime of partial surges.

The relative excess pore pressure Ur is (Pierson, 1981):
Ur =

A

3
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A

Test Operation and Data

B

The Ur test was carried out on the three natural debris flow
samples obtained in the tributary after the operations shown in
Figure 6. According to the above three cases, the information of
the three test groups is shown in Table 2.
After testing the natural samples, the comparing tests were
carried out using debris flow deposits in the main channel of JJG.
There are five groups of separated coarser grains, which are 1–
2, 2–5, 5–10, 10–20, and 20–40 mm, respectively. The separated
grain groups are dried in an oven, and then the slurry is prepared
for samples below 1 mm, below 2 mm, below 5 mm, below
10 mm, and below 20 mm, and the prepared slurry density is
1.95 g/cm3 . The height of the mixture slurry in the container was
maintained at 260 mm. The test was divided into five groups (Test
1-Test 5), and each set of test samples was carried out according to
the operation shown in Figure 6, and different grain groups were
added to the corresponding slurry and numbered (see Table 3).
At the time of the test, the relative excess pore water pressure
test was first performed on the prepared slurry samples (A1–E1)
with a density of 1.95 g/cm3 in accordance with the operation
shown in controlling case. Then, as shown in case I, 2,000 g
of separated grains of different grain groups were respectively
added to the corresponding slurry and stirred uniformly to carry
out the test. Finally, as shown in case II, 2,000 g of separated
grains of the five grain groups were respectively dispersed on the
surface of A1–E1 slurry sample, and then the height of the water
column was observed. Figure 6 represent three different sample
treatment methods.

Underlying layer
Boulder (d>200mm)
Overlying coarsed-grained layer

FIGURE 3 | Overlying coarse layer configuration.

TABLE 1 | Observed quantities of debris flow surges (number according to the
order of occurrence).
ρ (g/cm3 )

v (m/s)

H (m)

Np

1

1.98

3.9

0.77

3.81 × 10−4

2

2.13

3.58

0.81

3.44 × 10−4

3

2.11

3.63

0.74

4.12 × 10−4

4

2.14

4.94

0.87

2.98 × 10−4

5

2.26

3.14

0.93

2.61 × 10−4

6

2.12

4.1

0.67

5.03 × 10−4

7

2.2

3.7

0.91

2.73 × 10−4

8

1.96

4.65

0.8

3.53 × 10−4

9

1.88

3.12

0.72

4.36 × 10−4

10

1.98

4.54

0.78

3.71 × 10−4

11

2.2

4.93

0.81

3.44 × 10−4

12

2.17

5.4

0.75

4.02 × 10−4

13

2.1

5.1

0.84

3.20 × 10−4

14

2.19

3.48

0.79

3.62 × 10−4

15

2.07

3.32

0.75

4.02 × 10−4

16

2.25

2.61

0.9

2.79 × 10−4

17

2.11

4.78

0.84

3.20 × 10−4

18

1.96

4.18

0.72

4.36 × 10−4

19

1.97

4.25

0.88

2.92 × 10−4

20

2.11

3.47

0.83

3.28 × 10−4

21

2.07

2.71

0.8

3.53 × 10−4
10−4

Surge number

22

2

2.89

0.76

3.91 ×

23

1.91

2.6

0.57

6.95 × 10−4

24

1.85

2.44

0.86

3.05 × 10−4

THE CHANGING CHARACTERISTICS OF
Ur
Ur Changes in Natural Debris Flow
Samples
The results of Ur test on the samples taken from the active debris
flow in the tributary are shown in Figure 7. It is evident that the
Ur has undergone a similar change process.
When Ur reaches the peak value Urmax in roughly liner way at
about 80s, it turns to decrease with time (t) in a power law:
Ur = mt −n

pressure. The total test time for each sample is 450 min. The
height of the water column in the piezometer is recorded once
every minute from 0 to 60 min, every 2 min from 60 to 90 min,
and every 5 min from 90 to 450 min.
The three methods of processing the sample shown in Figure 6
are explained as follows:

The fitting coefficient m and power exponent n are shown in
Table 4:
The power exponent n reflects the degree of dissipation of Ur,
which is a decay index, that is, the higher the value of n, the
faster it dissipates. According to the analysis of the same group
of samples, it is found that n is closely related to Urmax , and the
functional relationship is as follows:

(1) Direct determination of the mixture of the underlying layer
with finer grains, taken as the controlling case;
(2) 2,000 g coarser grains are mixed into the underlying layer
mixture, which is referred as case I.
(3) The coarser grains of 2,000 g are evenly laid on the surface
of the mixture in the underlying layer, which is referred as
case II.

Frontiers in Earth Science | www.frontiersin.org

(4)

N = − αUrmax + β

(5)

The variation range of fitting parameter α is 0.18–2.90 and β
is 0.86–1.05. Among them, the parameters α and β reach the
maximum in case II.
Comparing various Urmax indicates that, if the grains from
overlying coarse-grained layer are uniformly stirred in the

4
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0
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Underlying layer
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1
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( ,Dc)=(0.042,26.367)
Underlying layer
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0
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0.001
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0.001
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FIGURE 4 | Grain size distribution curves of overlying coarse-grained layer and underlying fluid in surges.

underlying layer samples, the excess pore water pressure will
increase, but the increase is not as high as that of the overlying
coarser grains dispersed on the sample surface. In the case of
overlying coarser grains uniformly dispersed inside the slurry,
the Urmax increases by 3.10, 6.53, and 6.04%, respectively; while
in the case of overlying coarser grains uniformly dispersed on
the surface, the Urmax increases by 24.96, 18.82, and 19.37%,
respectively. These results indicate that the presence of such an
overlying coarse-grained layer has a positive effect on promoting
the excess pore water pressure.
When the debris flow at low velocity does not have obvious
erosion and entrainment in the gentle channel, and some
coarser grains are collected on the surface, the overlying coarsegrained layer produces a layered concentrated load, which
is prone to generate high excess pore water pressure and
highly concentrated sliding force. Under certain initial velocity
conditions, the high-density, wide-gradation, and coarse-grain
separation characteristics of debris flows will have acceleration
/ deceleration effects on it through changes in excess pore
water pressure.
Frontiers in Earth Science | www.frontiersin.org

Ur Changes in Deposition Samples
After the tests of deposition samples, a series of relative excess
pore water pressure tests were carried out, and the relative excess
Ur changes of the respective samples are shown in Figure 8.
It is found that the same amount of coarser grains can cause
different excess pore water pressure responses due to different
grain configurations. When a certain amount of coarser grains
is added to the corresponding slurry sample with a density of
1.95 g/cm3 as operation case I, and the mixture is uniformly
stirred, the measured Urmax is increased to some extent. When
a certain amount of coarser grains are dispersed on the surface
as case II, the Urmax value is also improved, but the increase is
significantly higher than that of the sample treated as operation
case I. Similarly, when the Ur reaches the peak, it decays in the
same way as the case of flow tests (Eq. 4). The fitting parameters,
Urmax and the maximum upper limit grain size Dmax of each
sample are shown in Table 5.
Figure 8 shows that the curves of Test 1–Test 5 are gradually
shifted upward, which also shows that the increase of coarser
grains can elevate the excess pore water pressure. Based on the
5
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Piezometer
Millimeter tick
h1

h
300
mm

5mm
Gauze

300mm
FIGURE 5 | Schematic diagram of experimental device.

controlling case

case

the largest in operation case II, which is 0.650, while that in
controlling case and case I is the smallest, both of which are close
to each other, with an average of 0.56.
The reason for the close relationship between Urmax and Dmax
in the controlling case and case I is that the sample grains
treated by operation are uniformly mixed. After the operation
case II was performed on the sample, the Urmax values increased
by 1.11, 1.98, 0.52, 4.14, and 2.60%, respectively, compared to
the samples of the controlling case. And after the case II, the
Urmax values increased by 8.76, 7.93, 9.79, 10.28, and 12.80%,
respectively. That is to say, the influence of the increase of
coarser grains on excess pore water pressure is not only affected
by the grain content, but also by the configuration of coarser
grains in the mixture. In addition, under the same density of
the experimental slurry, the relative excess pore water pressure
is found to rise with the increase of upper limit grain size (e.g.,
from 1 to 20 mm). This indicates that the wide gradation is
positive for the increase of excess pore water pressure. The power
exponent n from Test 1 to Test 3 changes little, showing similar
characteristics, mainly because the grains of the samples are very
fine, and the dissipation rate of pore water pressure is relatively
close. However, the variation characteristics of n in Test 4 and
Test 5 are generally consistent with those of natural debris flow

case

FIGURE 6 | Test operation mode.

test results of each operation mode, it is found that there is
a positive correlation between Urmax and the maximum grain
size (Dmax ), that is, the Urmax increases with the increase of
coarser grain size, and the two are in a sublinear relationship (see
Figure 9):
Urmax = a + +bDmaxc , (c < 1)

(6)

and R2 is greater than 0.80. The range of fitting parameter a
is 0.684–0.746, and b is 0.034–0.045. The power exponent c is

TABLE 2 | Test group information of natural debris flow samples.
Test group

N04
N11
N12

Underlying layer

Natural underlying layer sample
Natural underlying layer sample
Natural underlying layer sample

Frontiers in Earth Science | www.frontiersin.org

Coarser grain (2,000 g)

Natural overlying coarse-grained layer sample
Natural overlying coarse-grained layer sample
Natural overlying coarse-grained layer sample

6

Case
Controlling

I

II

N04(c)
N11(c)
N12(c)

N04(I)
N11(I)
N12(I)

N04 (II)
N11 (II)
N12 (II)
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TABLE 3 | Test group information of deposition samples.
Upper limit grain size
of the underlying
layer (mm)

Coarser grain
(2,000 g)

Case
Controlling

A1
A2
A3
B1
B2
B3
C1
C2
C3
D1
D2
D3
E1
E2
E3

1.0

I

II

Test 1

<1 mm

1–2 mm

A1

A2 A3

Test 2

<2 mm

2–5 mm

B1

B2 B3

Test 3

<5 mm

5–10 mm

C1

C2 C3

Test 4

<10 mm

10–20 mm

D1

D2 D3

Test 5

<20 mm

20–40 mm

E1

E2 E3

0.8

Ur

Test
group

0.6

1.0

0.4
0

100

200
t (min)

300

400

0.8
FIGURE 8 | Curves for changes in relative excess pore water pressure.

Ur

0.6

The experiments indicate that the overlying coarse-grained
layer facilitates the generation of high excess pore pressure in
high-density debris flows, where the pressure can’t dissipate
readily and the grains in the underlying layer shows a semi-fluid
property, which helps promote the overall migration of grains
and reduce the placement and deposition of debris along the flow
track (Guthrie et al., 2010).

0.4
N04(c)
N11(c)
N12(c)

0.2
0

100

N04(Ⅰ)
N11(Ⅰ)
N12(Ⅰ)

N04(Ⅱ)
N11(Ⅱ)
N12(Ⅱ)

200
t (min)

300

400

DISCUSSION

FIGURE 7 | Temporal variation of relative excess pore pressure (Ur).

The Role of Coarse-Grained Layers
It has been widely recognized that fine grains can increase debrisflow mobility through a “ball-bearing-like effect” (Hsü, 1975;
Iverson, 1997; Brewster, 2004; Roche et al., 2005; Phillips et al.,
2006; Iverson et al., 2010; Roche, 2012), and our experiments
reveal the acceleration effect due to coarse grains. A critical
point here is the persistence of high excess pore water pressure.

samples, that is, the samples treated in case II have a smaller
dissipation rate.
In addition, comparing between Tables 4, 5 shows that the
n value obtained by deposition is generally small; this is mainly
because that the deposition sample is artificial, and the simulated
underlying layer is a mixture made of grains below a certain grain
size, and the grains are fine (except Test 4 and Test 5), which is
not the actual underlying layer with a wide range of grain size.
This experiment also shows that when the content of fine grains
is large, the pore water pressure dissipates slowly, corresponding
to a small n value.

TABLE 5 | Ur max , Dmax , and decaying index of Ur.
Dmax (mm)

Ur max

m

n

R2

A1

1

0.75

2.14

0.19

0.90

A2

2

0.76

1.88

0.16

0.89

A3

2

0.81

2.12

0.18

0.73

B1

2

0.76

2.31

0.2

0.87

B2

5

0.77

1.05

0.16

0.48

B3

5

0.82

2.74

0.2

0.90

Sample

TABLE 4 | Ur max and decaying index of Ur .
Ur max

m

n

R2

N04(c)

0.76

11.01

0.57

0.87

C1

5

0.79

2.80

0.22

0.94

N04(I)

0.80

5.95

0.40

0.93

C2

10

0.79

2.00

0.17

0.95

N04(II)

0.83

1.96

0.18

0.93

C3

10

0.87

2.25

0.17

0.81

N11(c)

0.78

17.54

0.67

0.87

D1

10

0.91

42.39

0.72

0.89

N11(I)

0.85

5.09

0.37

0.91

D2

20

0.95

8.05

0.43

0.91

N11(II)

0.88

2.48

0.21

0.95

D3

20

1.01

4.98

0.34

0.84

N12(c)

0.95

5.05

0.37

0.89

E1

20

0.91

2.63

0.22

0.77

N12(I)

0.96

3.64

0.29

0.92

E2

40

0.95

6.78

0.39

0.90

N12(II)

0.99

2.95

0.23

0.93

E3

40

1.04

2.92

0.21

0.97

Sample
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1.1

Urmax

1.0

0.9

0.8
controlling case: Urmax=0.684+0.034Dmax0.583; R2=0.89

0.7

case Ⅰ : Urmax=0.676+0.045Dmax0.540; R2=0.83
case Ⅱ : Urmax=0.746+0.032Dmax0.650; R2=0.92

0.6

0

5

10

15

20
25
Dmax(mm)

30

35

40

45

FIGURE 9 | Relationship between Ur max and Dmax under different operation modes.

pressure, and the flow will be “frozen” (Pierson, 1981; Godt
and Coe, 2007). The upward movement of some coarse grains
from the bottom and the formation of a coarse-grained layer
on the surface will not strongly change the GSD of the lower
fluid, and there are still abundant coarse grains with poor
sorting in the lower part. On the contrary, it will delay the
decay of grain collision stress and reduce grain contact friction,
and greatly delay the accumulation of debris flow (Lowe, 1976;
Major, 2000).

Considering the effective stress principle of Terzaghi (Terzaghi,
1943; Kaitna et al., 2016), the development of pore fluid pressure
plays a key role in the mobility of debris flow (Iverson, 1997).
Only when there is a large positive pore pressure in the bottom
sediment, the erosion and entrainment of debris flow will be
accompanied by the increase of flow momentum and velocity
(Iverson et al., 2011).
We find that the overlying coarse-grained layer results in
the redistribution of excess pore water pressure through the
loading pattern and hence affects the fluid shear strength, and
enhances the mobility of flow. There exists a dynamic mutual
feedback mechanism between the overlying coarse-grained layer
and the movement. When this kind of grain configuration is
formed in the process of debris flow movement, the bottom bed
fluid produces higher excess pore water pressure, and there are
more fine grains in the lower part of the whole fluid than in
the upper part, which is beneficial for the fluid to develop an
increasingly well retained excess pore pressures (De Haas et al.,
2015). The ability to maintain high excess pore water pressure
depends on the GSD (Pierson, 1980, 1981). The existence of
abundant and poorly sorted coarse grains is also important
because it provides a more compact grain framework in which
the pore fluid is more easily trapped and can bear part of
the load and reduce the friction between grains. However, too
many coarse grains mean an increase in internal friction, which
will weaken the advantage of the increased excess pore water
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Implication for Acceleration
The entrainment of coarse grains and the accumulation of
coarse grains on the surface can significantly exceed the excess
pore water pressure and contribute to the mobility, which can
be regarded as the acceleration stage of debris flow. When
the movement slows down, the coarse grains do not increase
significantly and there is no overlying phenomenon of coarse
grains, the excess pore water pressure dissipates gradually,
corresponding to the deceleration stage of debris flow, the
schematic diagram of this process is shown in Figure 10. The
acceleration phase in this process is different from the potential
energy acceleration phase, which is a “tortuous” rising process
(Figure 10), and is the result of reducing the effective stress on
the sliding surface caused by excess pore water pressure (Gabet
and Mudd, 2006). The shaded part of Figure 10 indicates a rapid
increase in excess pore water pressure, which is often due to the
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grain organization patterns that can cause high excess pore water
pressure in debris flows.

increase of coarse grains eroded and entrained along the way, or
the development of overlying coarse-grained layer configuration.
Increased pore water pressure reduces substrate friction and
leads to an increase in velocity, mass and momentum (Iverson
et al., 2011). In addition, the separation of coarse grains reduces
the solid volume concentration of the lower fluid and increases
the content of fine grains, which are beneficial to reduce the
yield stress (Coussot and Proust, 1996; Pellegrino and Schippa,
2018). After the excess pore water pressure has experienced rapid
growth and reached a certain level, the debris flow enters the
process of dissipating the excess pore water pressure until the next
condition that can cause the generation of the excess pore water
pressure. After the debris flow enters the gentle slope deceleration
phase, it can be considered that the content of coarser grains
has not changed and the potential energy acceleration effect has
weakened. At this time, the key to whether the debris flow can
continue to flow is to see whether the conditions for generating
and maintaining high excess pore water pressure are available at
this time, and the coarser grains concentrating on the surface
is a favorable condition for the generation and development of
excess pore water pressure, which delays the deposition of debris
flow on the gentle slope (Pierson, 1980, 1981), and promotes
it to maintain high mobility and burst out of the tributary
into the main gully.
Therefore, it is necessary to carry out in-depth research on the
formation conditions, mechanisms and effects of non-uniform
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CONCLUSION
Under different conditions, the grain configuration has a great
influence on the properties of debris flows. Excess pore pressure
distributions will occur when the grains are in segregation or
non-homogeneous; and high excess pore pressure is more likely
to occur in flow with overlying coarse-grained layer, which has
a positive effect on the debris-flow mobility. Even for debris
flows with the same or similar grain composition, different grain
configurations will cause significant differences in the level of
pore water pressure. There exists a mutual feedback mechanism
between the debris-flow movement and the overlying coarsegrained layer.
The debris-flow movement gives rise to grain segregation,
facilitating the formation of overlying coarse-grained layer; and
in turn, the overlying coarse-grained layer promotes debris-flow
movement by affecting the fluid properties in the specific region.
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