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Numerical simulation of debris flow movement and its application in
debris flow risk zoning

F. Wei'?, K. Hu?, Y. Zhang’ S. Jia®

'Key Laboratory of Mountain Hazards and Surface Process, CAS, Chengdu, China
Institute of Mountain Hazards and Environment, CAS, Chengdu, China

YucjaeHHoe MOJICIUPOBAHMEC IBHKCHUA ceJieH M ero MNPAUI0KCHHUE 11
30HMPOBAHHUA CCJICBOI0 pPUCKa

®@. V3i'?, K. Xy?, O Kanr?, C. Kua’

1 .
Bazosas nabopamopus 2opuvix onachocmeil u 2e0MOpHOI02ULECKO20 nPoYyecca
Kumaiickoii akaoemuu nayx, Ysnoy, Kumati

2 o o . o
Hucmumym 2opHuix onacnocmetl u okpysicaioujeli cpeovt Kumaiickoii akademuu nayx,
Y510y, Kumaii

3oHMpOBaHKE pUcKa celiel (Q(PEKTUBHO JUIsl OLIGHKH YPOBHS PUCKA JJISl YSI3BUMBIX paii-
OHOB 1 UMCCT BAXXHOC 3HAUCHUC JIsA 3EMJICTIONIB30BAHUSA, MTPOCKTUPOBAHUA I0POT U T.II.
B TOpPHBIX paifoHax. MeToJ]] 30HUPOBAaHUS PUCKA OCHOBAaH Ha YHMCICHHOM MOJEIUpPOBa-
HUU, KOTOPOE CTAHOBUTCS OCHOBHBIM HAINpaBIICHHEM HccleoBaHUN. B naHHOU cTaThe
00CY)KIaeTcsl METOJ YHCICHHOTO MOJCIUPOBAHUS CEJICH, OCHOBAHHBIM HA YaCTUYHOM
Mojieny. MoJienupoBaHue IBI)KEHUS Celis aeT 3HAYeHUs JBYX MapaMeTpoB — CKOPOCTH
U TIyOWHBI CEJIEBOTO MOTOKA - BaXKHBIX JIJISl 30HUPOBAHUS pucka. JIBa MeToda Kiaccu-
(uKanuMy 30HUPOBAHMUS 3aBHUCAT OT XoJa MojenupoBaHus. [lepBbiii — Kinaccupukaums
30H PHCKa B 3aBUCHMOCTH OT PaclpeAeeHNss MaKCUMyMa KHHETHUYECKON SHEPrHH, BTO-
POl — COrJIacHO Mpefelly YCTOMYUBOCTY AJIs 34aHUK K JAABJICHUIO I0J BO3JACHCTBUEM Ce-
s,

Risk zoning of debris flows is effective for assessing risk levels in vulnerable areas and is
important in guiding land-use layout, design of highways and railways etc. in mountain
areas. The method of risk zoning based on the numerical simulation is our main research
direction. In this paper, the method for numerical simulation of debris flows based on the
particle model is discussed. The numerical simulation of debris flow movement can give
two important parameters, velocity and depth of debris flow, for risk zoning. Two meth-
ods of classification of debris flow risk zoning, depending on the numerical simulation
were carried out. One is classifying the risk zoning according to the distribution of the
maximum kinetic energy, and the other one according to ultimate bearing pressure of
buildings under impact.

1 Introduction

Risk zoning of debris flow is effective on assessing the risk degrees in the dangerous
area of debris flow and has important significance to guide land-use layout, design of high-
way and railway, etc. in mountain areas. There are many classification methods of risk zon-
ing, but most of them are based on the background elements of debris flow valleys. But some
limitations have been observed in these methods in the sense that the result of classification
excessively depends on the experts’ specialty background and their work experience. Along
with the development of debris flow kinematic model and its numerical simulation, the
method of risk zoning based on numerical simulation has been becoming the main study di-
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rection. The numerical simulation of debris flow movement can give debris flow velocity and
depth. Both of them are the most important parameters for the risk zoning.

A method of debris flow numerical simulation of debris flow based on the particle
model was discussed in this paper. Using the result of numerical simulation, the methods of
classification of the risk zoning based on the distribution of the maximum kinetic energy and
based on the ultimate bearing pressure of building under impacting were carried out.

2 Method of numerical simulation of debris flow movement

The harmful area of debris flow is mainly the alluvial fan. In the fan, there are often
some obvious grooves or man-made channels. There is no fixed boundary to limit the debris
flow movement on the flat fan, but the movement in the channel is limited in a fixed bound-
ary. So the movements are different in the two situations, which makes necessary to simulate
debris flow by different methods.

2.1 Numerical simulation of debris flow movement on the fan area

On the fan with wide surface relief and gentle slope, the debris flows diffuse freely as
an inundant flow. Because the depth of the debris flow is far less than the length and the
width of the fan, the vertical velocity of the debris flow can be ignored, and the debris flow
can be simplified as a kind of movement on a two-dimensional plane. Moreover, supposing
that the material of debris flow is homogeneous and incompressible, then the momentum
equation of debris flow can be written as:

Du =gS, _gS/'r

Dy ()
Dv

—=gS. —gS.

Df g sy g f

where u and v are the components of average velocity in x- and y-direction, g is the gravita-
tional acceleration, S,, and S, are bed slopes, Si and S, are frictional slopes respectively in x-
and y-direction of the fan.

In Eq. 1, S, and S, reflect the effect of gravity while the friction slopes can be consid-
ered to include four parts: yield stress, viscous stress, dispersive stress and turbulent stress.
According to the expression of O’Brien et al, the frictional slope can be given by:

2uu kuNut +v

T
S, =—L sgn(u)+ + ()
e “ Yl gh
v kou® +v

n V.l gh
where 73 is the yield stress, y, is the bulk density, 4 is the depth, 3 is the coefficient of rigid-
ity, k. is the coefficient of friction that equals to B/C” (C is the Chézy coefficient), sgn (-) is
sign function. It follows from the expression of frictional slope that when the depth is less
than one certain value, the resistance of the movement is larger than the component of gravity
along the slope surface. And the debris flow will gradually slow down and deposit.

Wang, et al (1997), based on two-phase flow theory and Lagrangian-Euler numerical
method, presented a particle model for alluvial fan formation. The continuity equation was
implied in the arithmetic in the model. Debris flow is considered as the aggregation of a great
deal of small grains, and calculated the velocity and the location of every grain in each time
step based on the discrete momentum equation. This model is employed to simulate the
movement of debris flow in the fan.

2.2 Numerical simulation of debris flow movement in the channel

When debris flows move in the fan with deep and narrow grooves, it can be disposed as
one dimension flow. Because the grade of the sidewall of the groove is extremely big, two-
dimensional model can not be applied to this situation. Ignoring the velocity in side direction
and choosing average velocity on the cross-section, then the continuity equation and momen-
tum equation along the flow direction are as follows:
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Gy 3)
ot Ox

ou 0 )
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where /4 is the flow depth, U is the average velocity on the cross-section, £ is the coefficient
of correction of momentum and S; is the bed slope. The frictional slope can be written as
2
TB + 2#7;1(2] + ko
Tl Vuh gh (4)

S, =

3 Method of classification of risk zoning based on the distribution of kinetic energy

The risk of debris flow means the destructive ability of destruction which is embodied
mainly by the wallop. In the numerical simulation, the flooded area is divided into many grids
with equal area, and fluid in each grid is considered as a grain in motion. For each grain, there
is an expression F=mAV/At . If time of action of fluid on obstacle is equal for each grid, wal-
lop (F) is only related to momentum of the grain (mv).

Z =my = ahpv )
where a is the area of the grid, 4 is the depth of slurry, p is the density of the fluid, and v is
velocity of the fluid. Because the area of the grid is the same, Z is a function of density, depth,
and velocity of debris flow. For a specific event, however, p is often a constant, then the
product a p can be replaced by a coefficient K:

Z=Khv (6)

Eq.6 is the main model for the risk zoning of debris flows. Z is the destroying ability
for each grid, namely the risk of debris flow. Based on its distributing character, Z can be di-
vided into several intervals corresponding to different risk zones in the inundation area.The
intervals can be determined by probabilistic method. The equal-variance method is employed
to determine the intervals as Eq. 7.

SZ)+(-)xV(Z2)<Z<S(Z)+ixV(Z) )

where S(Z) is the mean of Z, V(Z) is the variance of Z and i rounds numbers. When i=1, if the
value of Z is located in the interval of [S(R)[IS(R)+V(R)], the risk is medium degree, if it is
more than S(R)+V(R), the risk is high degree, and if it is less than S(R), the risk is low degree.
If it is necessary to make more detail risk zoning, the value of i can be sampled larger.

4 Method of classification of risk zoning based on the ultimate bearing pressure of
building under impacting

The major objects harmed by debris flows are the buildings set up on the fans, and the
major manner of destructing buildings is impact failure. Assuming the velocity of every grain
becomes zero after it strike on a building, the momentum variation of every micelle is:

dM = SpdivO (8)
where, dM is the momentum of every micelle (kgem/s), 4 is the depth of micelle(m), p is the
density of debris flow(kg/m®), v is the velocity of debris flow(m/s), Q is discharge of debris
flow(m?/s), 8 is the coefficient of correction and dt is time slice(s) . If Fdt is given as the im-
pulse of the micelle from all external forces in d?, Eq.1 can be rewritten as:

PpQv=F 9)
Substituting Q = ahv, it gives
Bpahv* = F (10)

F is the external forces bore by the grain while the gain strike the building and its ve-
locity becomes zero, simultaneously, the external forces bore by the building is equal magni-
tude with opposite direction. If the ultimate bearing pressures of different structures buildings
can be tested through impact failure experiment, the ultimate bearing pressures will be the
index of debris flow risk zoning. Setting up & (N/m?) as the ultimate bearing pressure of the
building, Eq. 10 can be overwrote as fpahv’ = dah , namely,
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pov? =6 (11)

At present, there are two main building structures in Chinese mountain towns, middle

and low-layer reinforced concrete frame structure and multilayer brickwork mixed concrete

structure. The impact failure experiment for both structures had been done in the laboratory.

According to the experiment, the ultimate bearing pressure of building with reinforced con-

crete frame structure is 110.56 KN/m?, and that of building with brick-concrete structure is

18.22 KN/m”. Based on this result of impact failure test, three grade zones can be given with
the key demarcation points as Table 1.

Table 1. The momentum index classification of debris flow risk zoning.

Risk zones of debris flow Classification intervals (KN/m?)
High risk zone Spv*>110.56

Medium risk zone 18.22 < Bpv*< 110.56

Low risk zone fpv < 18.22

5 Conclusion

The numerical simulation of debris flow movement is a good tool for debris flow risk
zoning for the velocity and depth of debris flow can be given by it. Because the movements of
debris flow on the fan with general slope and in the channel are different, the former can be
simulated by the two-dimensional model and the later can be simulated by one-dimensional
model. The result of numerical simulation of debris flow movement can be applied in the risk
zoning of debris flow with two ways. The first one is classifying the risk zones based on the
distribution of momentum of debris flows calculated by the velocity and depth. The second
one is classifying the risk zones based on the distribution of impact force of debris flow calcu-
lated from the simulation result. The classification intervals were determined by the test of
ultimate bearing pressures of buildings with different structures under impacting.
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