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In the chemical injection method, the characteristics of polyurethane injection materials is as follows; short

solidification time, exhibiting the high strength, and so on. However, the mechanism of penetration, foaming and

solidification during injection into the ground is unclear, in addition, concerned about the impact on the surrounding

environment. In this report, injection tests into simulated ground for evaluating the penetration performance, and

aging degradation evaluation tests for confirming strength and elution are conducted.
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Table 1 Experiment cases
Experiment case Viscosity Inje ction
. Name of simulated soil velocity
No. [mPa - s@20°C] .
[L/min]
1 1000 silica sand No.2 0.189
2 1000 silica sand No.2 0.944
3 1000 silica sand No.2 1.887
4 1000 silica sand No.4 0.189
5 1000 silica sand No.4 0.944
6 1000 silica sand No.4 1.887
Single-grained
7 1000 Musashino Grave Formation 0.189
Single-grained
8 1000 Musashino Grave Formation 0.189
9 2000 silica sand No.2 0.189
10 2000 silica sand No.2 0.944
11 2000 silica sand No.2 1.887
12 2000 silica sand No.4 0.189
13 2000 silica sand No.4 0.944
14 2000 silica sand No.4 1.887
Single-grained
15 2000 Musashino Grave Formation 0.189
Single-grained
16 2000 Musashino Grave Formation 1.887
17 3000 silica sand No.2 0.189
18 3000 silica sand No.2 0.944
19 3000 silica sand No.4 1.887
20 3000 silica sand No.4 0.189
Single-grained
21 3000 Musashino Grave Formation 0.189
Single-grained
22 3000 Musashino Grave Formation 1.887
Table2 Physical property of three soil materials
Density of soil Maximum  Minimum hydraulic
Soil name particle void ratio  void ratio  conductivity
ps[g/Cmg] Cmax[-] Cmax[-] k[m/s]
silica sand No.2 2.640 0.954 0.679 5.64X107*
silica sand No.4 2.645 0.925 0.618 2.92X10™*
Single-grained Musashino Gravel 2646 0.740 0.461 730%10
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Fig. 2  Grain size accumulation curve of three soil materials

EINTHEHRL-EDTH S, L7, Table 3 (b)
R &z, T2 FEAMORIE % 1000mPa - s
ZHEE L. TS R (w4 S B, b
KOO &AL (w=5, 15, fafl%) #ZH L7 6
o= 2D & FEh L 72,

L 72 Lat o pit it Fo X ORI R g 2 . DL
T Table 4, Fig. 3127,

(2] FAHBRKER - BE

(1) TEAMKIE D2
Fig. 4 128§ RS & i e BIfR T, FERD 2 %5

13



TOSOH Research & Technology Review Vol.67 (2023)

Table 3 Experiment cases

(a) Cases in changing coefficient of uniformity, average particle
size and viscosity of injection materials

Experiment case Name of simulated soil Viscosity
No. [mPa - s@20°C]
1 No.1 simulated soil 1000
2 No.1 simulated soil 2000
3 No.1 simulated soil 3000
4 No.2 simulated soil 1000
5 No.2 simulated soil 2000
6 No.2 simulated soil 3000
7 No.3 simulated soil 1000
8 No.3 simulated soil 2000
9 No.3 simulated soil 3000
10 No.4 simulated soil 1000
11 No.4 simulated soil 2000
12 No.4 simulated soil 3000
13 No.5 simulated soil 1000
14 No.5 simulated soil 2000
15 No.5 simulated soil 3000
16 No.6 simulated soil 1000
17 No.6 simulated soil 2000
18 No.6 simulated soil 3000
19 No.7 simulated soil 1000
20 No.7 simulated soil 2000
21 No.7 simulated soil 3000
22 No.8 simulated soil 1000
23 No.8 simulated soil 2000
24 No.8 simulated soil 3000
25 No.9 simulated soil 1000

(b) Cases in changing, soil materials and sand water content

Experiment case Name of soil materials Water content

No. [%]

26 Kimitsu sand 5

27 Kimitsu sand 15

28 Kimitsu sand 33 (saturaed)
29 silica sand No.4 5

30 silica sand No.4 15

31 silica sand No.4 28(saturaed)
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Table 4 Physical property of materials used in the test

Density of soil Maximum  Minimum hydraulic

Soil name particle void ratio void ratio  conductivity

0Os [g/cmd] €max(-] Cmax(-] k[m/s]

silica sand No.2 2.64 0.96 0.68 1.02X102
silica sand No.4 2.65 0.93 0.61 2.81X10*
silica sand No.5 2.62 0.81 0.51 3.00X10*
No.1 simulated soil 2.60 0.64 0.44 3.24X107°
No.2 simulated soil 2.57 0.54 0.38 3.05X107°
No.3 simulated soil 2.58 0.51 0.31 1.43X107
No.4 simulated soil 2.63 0.63 0.39 2.74X10*
No.5 simulated soil 2.66 0.55 0.31 7.65X107°
No.6 simulated soil 2.56 0.51 0.27 1.32X10™*
No.7 simulated soil 2.61 0.64 0.38 2.46X10*
No.8 simulated soil 2.62 0.60 0.33 3.04X107°
No.9 simulated soil 2.60 0.67 0.35 1.50X107°
Kimitsu sand 2.72 1.05 0.68 1.02X10*
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Fig. 3  Grain size accumulation curve of soil materials
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Table 5 Experiment case

EO amount of

Expz:;’;r:ent Water content inject'%on
No [9%] materials
’ [wit%]
1 5 21.0
2 15 21.0
3 23 21.0
4 5 14.0
5 15 14.0
6 23 14.0
7 5 7.0
8 15 7.0
9 23 7.0
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Table 6 Physical property of silica sand No.4

Dry density
Density of soil  Maximum Minimum  50% soil Target when the
particle void ratio  void ratio  diameter  relative density  target relative
oslg/cm?] Carl-] Cmarl-] Dsy(mm) D, (%) density
oalg/cm’)
2.639 0.752 0.512 0.512 60 1.642
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Fig.6 Three-dimensional injection testing equipment
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