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Validation of the model

Target: Rock drop test


プレゼンター
プレゼンテーションのノート
In which From 90cm height 40°slope about 177 limestones with the diameters of 40-80mm were suddenly collapsed.


Comparison of distributions of stopped rock
positions by experiment and simulation

In the direction parallel with the slope(m)

3

o = N
(@] [ ol N ol
Y AXis

o

o
o

. Expériment
- DEM

-3 -2 -1 0 1 2

In the direction perpendicular to the slope(m)

3

Black points are
experiment and red
points are dem.

Of course they are not
corresponding with
one by one accurately,
but the range of
distribution generally
correspond.



CDF

Comparison of cumulative distributions of
stopped rock positions
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Bounce

Slippage

Rotation

Verification

SoSeaTe
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プレゼンター
プレゼンテーションのノート
The manners of interaction among sphere elements in the simulation are only three. 
Then we performed numerical experiments as to these 3 behavior and compared theoretical results.
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coefficient of restitution, e,

D

collision between
— ball and rigid wall

I ! I ! !
0.4 0.6 0.8

damping factor, h
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Verification to Bounce

R: Coefficient of restitution

v, Velocity at the moment before the collision
v,: Velocity at the moment after the collision
h;: Initial height

h,: Bounce height

Table 1 Target coefficient of restitution and analysis parameters

g 5
of restitution N/m coefficient (N-s/m

8. 78kg 3.67x107 [ 1.45x10* @ |
_EI_

Table 2 Experimental results

=t —te ==

T Targets | results
#F ® D @

ETIL($RTZ) R, Q0 @

1 0.250 | 0.249
TFAGEER) 6.6 © 1 0.445 | 0.445 [



プレゼンター
プレゼンテーションのノート
We set up 2 of Target coefficient of restitution, say 0.25 and 0.445.
coefficient of restitution is expressed equation (1)
That mean the ratio of  Velocity at the moment after the collision to Velocity at the moment before the collision
Or square of the ratio of Bounce height to Initial height
To reproduce these coefficient of restitution, analysis parameters should be as the value of this table.
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Rebound height(m)
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program(A)

program(C)

amemes 0= 48
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Time(s)
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program(a) 0.372(4.7%) 0. 475(1 (179 0.532(1.5%)

V

program(b) 0.372(4.7%) 0.533(1.3%)

program(d) .371(4.8% _ 0.532(1.5%) e
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The model of single bounce

Free
ball
fall

bounce irregularly

S

Irregular bounces of a real rock mass can be expressed
by the impaction in spherical surface.

(We used fixed ball which size is as same as free ball)
20



The relationship between maximum
restitution coefficient and apparent
restitution coefficient

1 d -—--- DEM roughness 2r,+c
——DEM roughness 2r,average
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Bounce

Slippage

Rotation

Verification
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24


プレゼンター
プレゼンテーションのノート
The manners of interaction among sphere elements in the simulation are only three. 
Then we performed numerical experiments as to these 3 behavior and compared theoretical results.
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Verification to slippage and rotation

Change in displacement (m)

Initial condition of analysis:
Brown element comes in
contact with the fixed
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0 DEM.Angle of friction 0° ﬁ
A D EM. Angle of friction 10°
—Theoreucalr : Z
sliding without rolling

Theoretical :
rolling without sliding
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Results of the rotate and slip simulation
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プレゼンター
プレゼンテーションのノート

Similarly we conducted verification to slippage and rotation.
I skip this slide.
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FE&EEE 2 ( Round robin test )
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Comparison of experiment and analysis for repose

angle
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Comparison of experiment and analysis for repose
angle
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Round robin testD /=2l —3>
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Bedrock collapse of Shono, Erimo-cho in 2004
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fime= 500 (sec) times 15,00 (sec)
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i N

(a)Rolling friction 0 (b)Rolling friction 1.0 (c)Rolling friction 2.0 (d).Actual daﬁage

Critical repose angle by survey line

Coeficient of Ristitution 0.1 0.1 0.1 0.1 | actual
Rotational Friction 0 0.1 0.15 0.2 |survey
linel 022 038 047 053 | 043

line3 040 037 054  0.66 | 0.53 o DA @

line4 0.38 042 060  0.69 | 0.60 ETLHRE) @0 @

average 034 037 053 061 | 052  ETLCEEEE) 6.6° 6
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