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Experimental Study on the Use of High-Volume Fly Ash and Basalt
Fiber as Emergency Repair Materials for Slope Stabilization:
An Analysis of Basic Quality Characteristics
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This paper presents a study aimed at developing repair materials for emergency slope stabilization after disasters such as
floods. The research assessed how different mix ratios of fly ash and reinforcement with basalt fibers affect the basic quality
properties of mortars. Optimal amounts of fly ash were selected based on these properties, and appropriate amounts of
chemical admixtures and thickeners were determined to enhance the quality attributed to the basalt fiber mixture. Notably,
high-volume fly ash reduced the need for high-performance water reducers and improved workability, known benefits that
also helped mitigate fiber ball issues in conjunction with the effects of thickeners. The experimental results indicated that
the developed repair materials could potentially be used for emergency repairs, with a focus on initial age strength. This
research aims to provide foundational data for repair materials used in future emergency slope stabilizations.
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Table 1. Physical properties and chemical composition of composite

materials
Type Binder (%)

OPC FA
Calcium oxide 61.6 6.0
Silicon dioxide 19.8 52.8
Aluminum oxide 4.5 18.1
Magnesium oxide 3.0 1.4
Ferric oxide 3.6 7.7
Sulfur trioxide 2.1 0.01
Loss on ignition 12 6.1
Specific surface area (m%/mg) 354 371
Density (g/cm’) 3.10 2.20
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Table 2. Physical characteristics of fine aggregates
Tvpe Density Absorption Fineness Unit mass
P (g/em’) (%) modulus (kg/m’)
RS 2.60 1.56 2.70 1,670
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Fig. 1. Measurement foreground and interpretation model
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Fig. 3. Measurement foreground of strength
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Table 3. Experimental plan
Type Contents Variable Levels
Step-1 FA Mixed amount of FA 6 (0~60 %)
Step-2 BF-1 SP usage amount 5 (1.3~2.1 %)
Step-3 BF-2 VA usage amount 5 (0.2~1.0 %)
Step-4 FA+BF Length of BF 2 (0.5, 1.0 %)
Step-5 AA Influence of AA 2 (0, 3 %)
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Table 4. Mix table (Step-1)
N W/B Unit mass (kg/m’) SP
0.
(%) | W | OPC FA RS (%)
FA O 30 130 437 0 784 1.55

FA 10 30 130 396 44 784 1.40
FA 20 30 130 350 87 784 1.25
FA 30 30 130 306 131 784 1.20
FA 40 30 130 262 175 784 1.10
FA 50 30 130 219 219 784 1.00
FA 60 30 130 175 262 784 0.90
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Table 5. Mix table (Step-2 and Step-3)
N W/B Unit mass (kg/m®) SP | VA
0.
(%) | W | OPC | FA RS (%) | (%)
SP13 | 30 | 130 | 437 | o | 784 | 13 | -
SPI5| 30 | 130 | 437 | o | 784 | 15 | -
Stgp sp17| 30 | 130 | 437 | o | 784 | 17 | -
sPlo| 30 | 130 | 437 | o | 784 | 19 | -
sp21 | 30 | 130 | 437 | o | 784 | 21 -
va02 | 30 | 130 | 437 | o | 784 | 15 | 02
VAO4| 30 | 130 | 437 | o | 784 | 15 | 04
Stgp VA6 | 30 | 130 | 437 | o | 784 | 15 | 06
VA0S | 30 | 130 | 437 | o0 | 784 | 15 | 08
VAIO| 30 | 130 | 437 | o | 784 | 15 | 10
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Table 6. Mix table (Step-4 and Step-5)

No W/B | Unit mass (km’) | SP | VA | BF | AA
' (%) | W [OPC| FA | RS | (%) | (%) | (%) | (%)
FAO
Stop.| BFOS 03 | 130 | 437 | - |784 05| -
4 FAO
BELo | 03 [ 130 437 | - | 784 0] -
FA50 15106
Stop.| BFOS 0.3 | 130 | 219 | 219 | 784 051 3
5 | FA5S0
BELo | 03 | 130 | 219 | 219 | 784 0] 3
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Table 7. Plastic viscosity and shear stress
Plastic Increase/decrease rate (%)
.. Shear stress
No. viscosity (Pa) Plastic Sh i
(Pas) viscosity At SHEss
FAO 4.94 16.74 - -
FAI0 4.83 11.16 -2.23 -33.33
FA20 476 7.11 -3.64 -57.53
FA30 436 6.94 -11.74 -58.54
FA40 4.04 4.90 -18.22 -70.73
FA50 3.98 3.59 -19.43 -78.55
FA60 3.26 2.00 -34.01 -88.05
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Table 9. Plastic viscosity and shear stress

Table 10. Flow and compressive strength

Plastic Increase/decrease rate (%) Compressive strength
No. iy Shear stress =—— No. Flow Increase/dscrease (MPa)

(Pas) (Pa) viscosity Shear stress (mm) rate (%) 1d 5 =
VA0 4.12 24.04 0 0 SP1.3 170 0 1739 | 34.19 | 50.78
VAO0.2 447 32.12 8.50 33.61 SP1.3BF 140 -17.65 16.5 32.5 489
VA0.4 5.20 35.30 26.21 46.84 SP1.5BF 150 -11.76 1452 | 314 433
VAO0.6 7.85 37.23 90.53 54.87 SP1.7BF 150 -11.76 1244 | 322 48.9
VAO0.8 8.67 41.89 110.44 74.25 SP1.9BF 150 -11.76 8.72 335 48.6
VALO 8.79 50.20 11335 108.82 SP2.1BF 150 -11.76 7.16 339 487
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Table 11. Flow and compressive strength

Compressive strength
Flow Increase/decrease
No. (MPa)
(mm) rate (%)
1d 3d 7d
VAO 170 0 17.39 | 34.19 | 50.78
VAO0.2BF 140 -17.65 12.1 28.6 46.1
VAO0.4BF 145 -14.71 11.6 25 42.8
VAO0.6BF 150 -11.76 10.5 22 38
VAO0.8BF 155 -8.82 9.9 17.6 32
VAL.0BF 160 -5.88 7.3 14.6 26.9
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Fig. 6. Flow according to SP
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Fig. 7. Flow according to VA
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Fig. 9. Compressive strength at 1 day age according to VA
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Flow Compressive strength (MPa)
e (mm) 1d 3d 7d 28d
FAOBFO0.5 188 16 31 46 489
FAOBF1.0 173 16 32 48 50.3
FAS0BFO0.5 162 10.6 21.3 324 38.6
FA50BF1.0 160 11 212 352 39.6
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