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Determination of Solidified Material’s Optimum Mixing Ratio
for Reservoir Embankment Reinforcement
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ABSTRACT : Currently, a grouting method that minimizes damage to the reservoir embankment by injecting solidification agent at
low pressure is commonly used to ensure waterproofing and safety of the embankment, but the use of solidification agents can cause
issues, such as a decrease in durability and a lack of clear method for determining the mixing ratio. In this study, when the base
ground and solidification agent were stirred and mixed at various weight mixing ratios, the permeability coefficient and strength of
the mixture were confirmed through laboratory tests, and the optimal mixing ratio was suggested through analysis of the test results.
The specimen for the laboratory test was produced considering the mixing ratio of the solidification agent. The specimen for the
permeability coefficient test was tested by producing one each of cohesionless and cohesive soil for a mixing amount of 1.5 kN/m’ of
solidification agent, and the permeability test results confirmed that the water barrier performance was secured below the permeability
coefficient value required by various design criteria. A total of 24 specimens for the strength test were produced, 3 for each of 5
mixing amounts for cohesive soil and 3 mixing amounts for cohesionless soil. The strength test results showed that the uniaxial
compressive strength tends to increase linearly with increasing curing time for both cohesionless soil and cohesive soil when the
mixing amount is less than 2.0 kN/m®. Therefore, the optimal mixing ratio applied to the site is determined to be mixing amount
of 1.5 kKN/m’ and 2.0 kN/m’. Finally, numerical analysis reflecting test results was conducted on design case for improvement projects
for aging reservoirs embankment to verify the water barrier performance and safety improvement effects.

Keywords : Reservoir, Solidification agent, Optimal mixing ratio, Coefficient of permeability, Uniaxial compressive strength
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Table 1. Composition of solidification agent and Portland cement

Chemical Content (%)
composition Solidification agent Portland cement

CaO 52.1 63.8

SiOs 16.50 23.1

SO; 13.80 2.0
ALO; 7.34 3.0
MgO 3.36 1.6
Fe;0s3 1.52 3.0

etc 5.58 4.5
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Table 2. Cohesionless soil mixing ratio

Unit mixing amount Weight mixing ratio of test spesimens
of solidification agent Soil Solidification | Mixing ratio
(kN/m’) ™) agent (N) (%)
1.0 35 2.06 59
1.5 35 3.10 8.8
2.0 35 4.12 11.8

Table 3. Cohesion soil mixing ratio

Unit mixing amount Weight mixing ratio of test specimens
of solidification agent . Solidification | Mixing ratio
(kN/m’) Sl (N) 1 gent () %)
1.0 35 2.06 5.9
1.5 35 3.10 8.8
2.0 35 4.12 11.8
2.5 35 5.15 14.7
3.0 35 6.18 17.6
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Table 4, Optimum design mixing ratio (©:good, A:normal)

Soil Solidification Im- Soil reinforcement
type agent (kN/m’) | permeable Initial Long-term
1.0 - - -
Sandy 1.5 © - o)
Soil
2.0 © © ©
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Table 5. Soil parameters for seepage analysis

Classification Coefficient of permeability Note
(cm/sec)
Fill soil 5.0x10™ Design value
Deposit soil 1.0x10° Design value
Core material 2.24x107 On-site soil mixing

Table 6. Soil parameters for slope stability analysis

Classification Unit wei}ght Cohesi(z)n Friction angle
(KN/m”) (KN/m”) ©)
Fill soil 18.0 15.0 25.0
Deposit soil 18.0 5.0 30.0
Core material 20.0 325.0 0.0
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