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ABSTRACT 

 
In this paper, estimation of velocity, maximum velocity, dynamic pressure of snow avalanche release and Run-

out zone distance over mountain regions are studied. To investigate of mathematical model, we have been taken 

gravitational, turbulent and friction forces with momentum equation. Computation of flow parameters                  

such as velocity (both in start to track zone and from track to run out zone), maximum velocity (in track zone) 

and dynamic pressure and estimation of run out distance have been calculated. The flow parameters have                

been computed for its variation with slope angle, frictional coefficient, eddy viscosity, and different flow 

heights. 
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1. INTRODUCTION  
 

One of the serious threats for the people living in 

snow bound hilly regions is an avalanche wherein 

there is loss of property and at times loss of lives if 

one gets caught in it [1, 2]. Though advent of science 

has helped in estimating the danger associated with it 

however triggering of an avalanche could not be 

predict well in advance due to complex nature of 

snow and its behavior with the surroundings. The 

cause of an avalanche is basically associated with 

instability in the snow pack [3,4,5,6]. This instability 

is developed as a result of metamorphism in snow 

pack due to temperature gradient resulting in 

developing depth hoar crystals near the ground which 

are very fragile in nature and any extra weight (as a 

result of walking or addition precipitation of snow on 

this snow pack) will make the entire snow pack to 

slide down. There are other factors which can 

contribute to the avalanche such as temperature 

metamorphism, pressure metamorphism and wind 

induced drift activity [7,8,9]. Many authors have 

proposed models on avalanche dynamics and 

estimated values for velocity at starting and track [1, 

10-14]. In view of its importance in the cold science, 

study pertaining to an avalanche, estimation of the 

flow parameters pertaining to an avalanche has been 

initiated in the present model. 
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Fig. 1. Three stages of an avalanche release 

 

2. ANALYSIS  
 

In order to estimate velocity, maximum velocity and 

run-out zone distance of an avalanche release, we 

consider the snow movement down the hill in three 

different zones (starting zone, track zone and run-out 

zone) (Fig. 1) by following assumptions :  

 

(i)   Flow is steady  

(ii)   Flow is one dimensional, 

(iii)   Flow is without any stress force  

 

Momentum equation can be written as [15]: 

 

tfg fff
dt

dV
V                               (1) 

 

Where V  is avalanche velocity,   is snow density, 

gf  is gravitational force, ff  is friction force and tf   

is turbulent force (Fig. 2) 

 

2V
R

g
gfff ftfg 





 )cossin(     (2) 

Where 
  is eddy viscosity and R  is 

BH

HB

2
 

since BH   then R (slab depth) is approximated 

to H  ( HR  ) (Fig. 3). 

 

Equation (1) simplifies to:  

 

  2
2 2

)(cos)(sin2 V
H

g
xxg

xd

Vd
f 




  (3) 

 

Where, )(x  is slope angle at position x  along 

incline, g  is acceleration due to gravity and f  is a 

constant coefficient of sliding friction. 

 

It is assumed that in segment start to track zone length 

is Tx  and slope angle is
T

 , and avalanche 

accelerates here. Similarly in track to run-out zone, 

Rx  is run out distance, 
R

  is the slope angle and 

avalanche decelerates here. 

 

    
 

Fig. 2. Body force representation on a slab                        Fig. 3. Snow slab dimension 
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2.1 Avalanche Velocity from Start to Track 

Zone 
 

In start zone to track zone, the solution of equation (3) 

with Tx  )( is given by 

                           

)cossin()exp()( TfTT H
H

xg
CxV 


 



2

                             (4) 

 

Where TC  is a constant and it determined with initial 

condition in start zone 0)0( V  as: 

                                                   

)cossin( TfTT HC   
                (5) 

 

Then, velocity between start zone to track zone is 

                          


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
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

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
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2
1

    (6) 

 

Maximum velocity in track zone can be estimated by 

the assumption that  

                                                                

1)
2

exp(1 
 H

xg


                                         (7) 

 

Then, equation (6) becomes: 

                                        

)cossin()( TfTxaMT HVxV       (8) 

 

2.2 Avalanche Velocity from Track to Run-

out Zone  
 

Avalanche velocity between track zone and run out 

zone is obtained by assuming initial velocity in track 

zone is maximum velocity and solving the differential 

equation (3) with Rx  )(  as: 

 

)sincos()exp()( RRfR H
H

xg
CxV 


 



2   (9) 

 

Using the initial condition xaMVV )0(  , when 

0x , Equation (9) yields 

 






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222
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H
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H

H

xg
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



            (10) 

In addition, f  is greater than zero, as required for 

flowing avalanches, and the condition 0
xd

Vd
 must 

be applied at the beginning to the avalanche 

decelerates in this region on the lower slope. The 

range of f  can be estimated by using Equation (10) 

and 0
xd

Vd
  .            

)
2

(tantan RT
fR





               (11) 

 

The data required for the computation is taken from 

[7,10-14,4] are tabulated in Table 1. 

 

2.3 Run-out Distance 
 

Run out distance Rx  can be estimated by assuming 

that 0)( RxV  to equation (10) and run out 

distance can be obtained by approximating the 

relation by the Maclaurin’s series and neglecting 

second and higher order terms in it.  
 

H

xg

H

xg RR





2
1)

2
exp(       (Assumption: 

1)
2

(
2

1 2 
 H

xg R


)                                             (12) 

 

Table 1. Data of flow parameters 
 

Symbol Description Typical value Range 

T
  Slope angle at Track zone 38

o
 30 – 45 

R
  Slope angle at Run-out zone 9

o
 0 – 11 

  Eddy viscosity 600 m/s
2
 400 – 1200 

H  Slab height 1.5 m 1 – 2 

  Snow density 200 kg/m
3
 100 – 300 

T
x  Distance Start zone to Track zone 100 m 50 – 200 

f  Coefficient of sliding friction 0.3 kg/m.s 0.158 – 0.531 
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Approximated run out distance can be estimated to:           
 

)sincos(2

)(
2

2

H

V
g

V
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
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  (13) 

 

Equation (10) may be compared to the approximate 

run-out equation given by Voellmy [15] with the 

modification suggested by Salm [13] 
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Exact run out distance can be estimated by making 

0)( RxV  in equation (10):           
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(15) 
 

3. RESULTS AND DISCUSSION 

 

Computation of velocity from start to track zone has 

been estimated by using equation (6). Variation has 

been observed for different flow parameters 

[coefficient of friction ( f ), slope angle ( T ), slab 

depth ( H ) and eddy viscosity (
 )]. The results 

have been shown in Figs. 4–7.  
 

The results indicate that, velocity increases with 

increase in slab depth ( H ), slope angle ( T ), eddy 

viscosity (
 ) and decrease in friction coefficient (

f ).  Maximum velocity has been computed by 

using Equation (8). Computation of maximum 

velocity for different flow parameters has been 

tabulated in Table 2 and the range of maximum 

velocity by this method is almost between14 m/s to 23 

m/s. The computed results [Figs. 4–7 and Table 2] 

have been found to agree well with the physical 

observations since velocity to increase with increase 

in slab depth ( H ), slope angle ( T ), eddy viscosity (

 ) and with decrease in friction coefficient ( f ). 

 

Computation of velocity between track and run out 

zone is done by using equation (10). The computed 

values are shown in Figs. 8–14. The range of f  has 

been computed by using equation (11) and data from 

Table 1 and equation (12). The results of velocity in 

track to run out zone again found to be in similar 

variations with the one observed in the start to track 

zone by approximation method [Figs. 8–13].  Also 

avalanche velocity between track and run out zone has 

been computed by using Equation (10). It is observed 

that the velocity decreases to zero to the estimated run 

out zone [Fig. 14].     

 

Estimation of run out distance has been done by both 

methods; one approximating by Maclaurin’s series 

[equation (13)] and Salm [13] method [equation (14)] 

another one by exact approach [equation (15)]. The 

details of computation are shown in Table 3. The 

results indicate that, the variation in exact to 

approximation method is between 29 to 82% and by 

exact to Salm (1979) method is between 7 to 64%.   

 

  
  

Fig. 4. Variation of velocity with distance (start to 

track zone) for different friction coefficients ( f
 ) 

Fig. 5. Variation of velocity with distance (start to 

track   zone) for different slab depth ( H ) 

 

0 10 20 30 40 50 60 70 80 90 100
0

2

4

6

8

10

12

14

16

18

20

 x ( m ) 

  
V

 (
 m

 /
 s

 )
 

 
 f
 = 0.5

 
 f
 = 0.3

 
 f
 = 0.16

0 10 20 30 40 50 60 70 80 90 100
0

2

4

6

8

10

12

14

16

18

20

 x ( m ) 

  
V

 (
 m

 /
 s

 )
 

 H = 2

 H = 1.5

 H = 1



 
 
 
 

Zarrini and Pralhad; AJOAIR, 4(1): 1157-1164, 2021 

 
 

 
1161 

 

  
 

Fig. 6. Variation of velocity with distance (start to 

track zone) for different slope angle ( T ) 

Fig. 7. Variation of velocity with distance (start to 

track zone) for different eddy viscosity (


 ) 

 

  
 

Fig. 8. Variation of velocity with distance (track to 

run-out zone) for different f
 and 

Fig. 9. Variation of velocity with distance (track to 

run-out zone) for different H  and  Rx
 

 

  
  

Fig. 10. Variation of velocity with distance (track to 

run-out zone) for different R  and  Rx
                                

Fig. 11. Variation of velocity with distance (track to 

run-out zone) for different 


 and  Rx
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Fig. 12. Variation of velocity with distance (track to 

run-out zone) for different MaxV
 and Rx

 

Fig. 13. Variation of velocity with distance (track to 

run-out zone) for different fTV ,
 and Rx

 

 

Table 2. Computation of maximum velocity for different flow parameters 

 

T
  

  f  H  
xaM

V  

38
 

600 0.16 1.5 20.9910 

38 600 0.3 1.5 18.4752 

38 600 0.5 1.5 14.1241 

38 600 0.3 1 15.0849 

38 600 0.3 2 21.3333 

32 600 0.3 1.5 15.7466 

43 600 0.3 1.5 20.4042 

38 400 0.3 1.5 15.0849 

38 900 0.3 1.5 22.6274 

 

 
 

Fig. 14. Variation of velocity with distance (track to run-out zone) for different fTV ,  and run out 

distance ( Rx )    [Exact approach (equation 13)] 
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Table 3. Computation of run out distance for both approximate [equations (13), (14)] and Exact [equation 

(15)] methods for different flow parameters 
 

R    f  H  
xaM

V  R
x  App. 

R
x  

Salm 

R
x  Exact Error % 

App. 

Error % 

Salm
 

9
 

600 0.16 1.5 18.4752 45.6794 90.9776 251.1525 81.8121 63.7760 

9 600 0.3 1.5 18.4752 33.5122 52.7985 60.1573 44.2924 12.2326 

9 600 0.5 1.5 18.4752 24.2751 33.0093 34.5558 29.7510 4.4754 

9 600 0.3 1 18.4752 24.5460 41.0005 49.6266 50.5386 17.3820 

9 600 0.3 2 18.4752 41.0005 61.6716 67.8747 39.5938 9.1390 

5 600 0.3 1.5 18.4752 29.4388 43.3486 47.0903 37.4844 7.9458 

11 600 0.3 1.5 18.4752 36.0237 59.3136 70.5774 48.9586 15.9595 

9 400 0.3 1.5 18.4752 24.5460 41.0005 49.6266 50.5386 17.3820 

9 900 0.3 1.5 18.4752 46.3002 65.3314 71.0330 34.8187 8.0267 

9 600 0.3 1.5 14.1241 28.1242 40.5572 43.5601 35.4359 6.8937 

9 600 0.3 1.5 22.6274 36.8189 61.5008 74.4399 50.5388 17.3819 
 

  
Fig. 15. Variation of dynamic pressure with 

distance  (start to track zone) for different snow 

density 

Fig. 16. Variation of dynamic pressure with 

distance (track to run-out zone) for different snow 

density 
 

4. AVALANCHE DYNAMIC PRESSURE  
 

Dynamic pressure has been computed by the relation 

(given by White, [16])  
 

2

2

1
Vp                                                  (16) 

 

for both start to track zone and track to run-out zone. 

The computed results have been shown in Fig. 15. 

The variation has been observed with different snow 

densities. 
 

It is observed that, dynamic pressure increases with 

increase in snow density and track distance in start to 

track zone [Fig. 15]. Whereas it is observed to 

decreases with decrease in snow density and increase 

in run-out distance [Fig. 16]. 
 

5. CONCLUSIONS  
 

The results indicate that, velocity of snow avalanche 

(in start zone to track zone) increases with increase in 

distance ( x ), height of snow over the hill ( H ), slope 

angle (  ), eddy viscosity (
 ) and decreasing 

frictional coefficient ( f ).  

 

Velocity of snow avalanche between track zone and 

run out zone is found to decrease as reaches the 

ground location. These observations are found to be in 

agreement with the physics of flow and deformation 

of snow. The results of the present investigations can 

be used for the design of control structures for the 

mitigational aspect of avalanches. 
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