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Table 1 adhesion of fine grained cement

measured | rupture adhesion
item | strength | porosity | of cement
gy n particle
material (N/n*) (-) (X10°°N)
fine cement 94. 4 0.660 2.93
surface [D | 50.0 0.606 1.23
treated
cement @1 58.8 0.593 1.37

Table 2 result of injection experiment?
non-treated surface
fine cement treated cement

injection injection

material toyoura sand
specimen diameteriOcm, length36cm
pressure 3kgf/cm® (0. 29MPa)
initial 131cm/s 97cem/s
velocity
in{ection 4. 5cm >36cem
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Table 3 drag coefficient in eq. (9)

Re Co Ca Cz
<0.1 0 24 0
0.1~1.0 3.69 22.78 0.00908
1.0~10 1.222 | 29.1667 | -3.889
10~10° 0.6167 | 46.5 ~116. 67
102~10° 0.3644 | 98.33 -2778.0
10°~5x10® | 0.3571 | 148.62 -47500.0

@ setting up diameter of particle, porosity
of cement particles, accumurated cement area
ratio Ae/A, and air velocity in pipe

\

|® culculate L« l

|® calculate U,, Uy, AP l

\

I@ culculate drag force by air flow

® compare of force between adhesion and
drag force

Fig.2 flow sheet of simplified prediction method
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Table 4 data of calculation

item value
air velocity u(n/s) 0.05 ~ 1.0
air density p (kg/a?) 1. 205
air viscosity v (n?/s) 1.501x10°"
cement particle diameter d,(m) | 4x107°
porosity of particles 0.6
aggregate n,(-
accunu%a;ed cement area ratio 0~ 1.0

. by

friction factor 4 (-) 0.04
adhesion of a particle F(N) 1.3x10°°
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Fig.3 effect of accumulation on air velocity
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Table 5 data of simulation

item value

pipe diameter 20
pipe length 100
particle diameter 4f
young' s modulas §xX 10°Pa
_poisson ratio 0
friction coefficient 0.
particle density 3000
particle adhesion 1.
coefficient of restitution
friction factor
air density
air viscosity
time step
output time step
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Fig.7 calculation of behaviour of adhesive particles packingiina
pipe
.(air .veloeity 1.0m/s, particles number 156)

TH 5.

@ HEN
 ERAEORRES fous 25, HTELORESF &0
NENEE, :

l}"rcmj|<F.................' .................................. (43)

®0s air [low 0. In/s Rk

vie g2
3
:
b4

e

4
jlessed

A
=
4
> 4
Xy X
'S
-
2

@4x107%s .

@8X107%s

@12X10"%s

®16x%107%s

®20%x1075%s

@24 %107 5s

Fig.8 calculation of behaviour of adhesive:particles packing in a
pipe
(air velocity 0.1m/s, particles number 156)
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Fig.9 calculation of behaviour of adhesionless particles packing
in a pipe
(air velocity 1.0m/s, particles number 156)
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ANALYTICAL STUDY ON FINE PARTICLE INJECTION TO THE GROUND
Kunio MORI, Toru SHIBATA and Shigekazu HORIYA

Powder grouting method, by which surface improved cement particles are injected to the
ground by means of compressed air, can ensure the injection length required for soft
rocks. In this paper, a model of powder grouting mechanism is presented by considering
the interaction between adhesion of a cement particle and drag force by air. A criterion for
ensuring the satisfactory injection is also presented by the use of simplified analysis based
on the model and a simulation analysis in which DEM is employed.
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