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Abstract

In this study, it was developed eco-friendly mix design of mine sprayed concrete, which satisfies both the stability and eco-
nomics by mixing the industrial in cement, for development of the mine sprayed concrete and recycling of industrial. From this
research, it is found that mixing of mineral admixture is effective on strength enhancement. Also, it is considered that designed
mixing ratio of sprayed concrete using industrial byproducts should be applied to the field through field test.
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Table 1. Physicochemical characteristics of fly ash

Classification KS standard Result
Si0, (%) > 450 46.1
C (%) 16.80
Chemical S
ingredients ALO; (%) 22.90
CaO (%) 491
Fe,05 (%) 1.84
Physical . 3
performance Density (g/cm”) > 1.95 225
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Table 2. Physicochemical characteristics of silica-fume

Classification KS standard Result
Si0, (%) > 85 90.4
Chemical Ca0 (%) 20
ingredients Fe,05 (%) 3.0
ALO; (%) 1.5
Moisture (%) < 3.0 1.15
Physical Steel heat loss (%) < 50 2.72
performance Particle size (%), 0-45 pm < 50 2.0
Density (g/cm?) > 238 3.0~3.5
Table 3. Physicochemical characteristics of meta kaolin
Surface area (cm?/g) SiO; (%) | ALO; (%) | FeyO3 (%) | CaO (%) | MgO (%) | Ky,O (%) | Na,O (%)
12,000 56 37 2.4 0.2 0.3 0.8 0.2

Table 4. Chemical composition and physicochemical characteristics of blast-furnace slag

Classification Unit KS Result

Density g/em’ > 2.80 2.90

Surface area cii/g 40006000 4,306

Physical o 7 days > 55 70

performance Activity 28 days % > 75 103

index —

91 days > 95 117

Flowing value % > 05 102

Magnesium oxide(MgO) % < 10.0 5.61

Chemical Sulfur trioxide(SOs, % <40 1.00

ingredients Steel heat loss % < 3.0 0.43

chloride ion % < 0.02 0.007

Basicity - > 1.60 1.76

Etc.
Plaster Additoin
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Table 5. Mixing ratio of admixture

Name Mixing rate(%) Symbol
Silica Fume 5, 10, 15 SF5%, SF10%, SF15%
Fly Ash 10, 20, 30 FA10%, FA20%, FA30%
Ground Granulated Blast Furnace Slag 30, 40, 50 GGBF30%, GGBF40%, GGBF50%
Metakaolin 5, 10, 15 MK5%, MK10%, MK15%
Table 6. Mix Design by variables
\Y C S G Admixture AE SP
Variable Ginax
Unit volume (kg/m®)
REF 460 982.7 4212 -
SF 5% 437 971.0 418.7 23
SF 10% 414 971.3 416.3 46
SF 15% 391 965.5 413.8 69
FA 10% 414 970.4 4159 46
FA 20% 368 958.0 410.6 92
FA 30% 13 184 322 945.7 405.3 138 0.138 1.38
GGBF 30% 322 9759 418.2 138
GGBF 40% 276 973.6 4172 184
GGBF 50% 230 971.3 416.3 230
MK 5% 437 980.1 420.0 23
MK 10% 414 971.5 4189 46
MK 15% 391 974.9 417.8 69
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Table 7. Result of slump test and air contents test of

5 A0

Table 8. Rheology and slump by variable

industrial byprOduCtS Variable Slump(mm) H(Nms) G(Nm)
Variable Air content (%) Slump(mm) REF 125 5599 5487
REF 15 125 SF5% 95 2281 5.486
SF5% 15 95 SF10% 80 2226 6.965
SF10% 15.5 80 SF15% 30 3279 10.789
SF15% 10 30 FA10% 100 3.694 10.309
FA10% 1 100 FA20% 90 6.854 11113
FA20% 8.5 90 FA30% 120 6.949 9.597
FA30% 8 120 GGBF30% 110 3219 9.064
GGBF30% 14 110 GGBF40% 105 3.101 6973
GGBF40% 13 105 GGBF50% 65 4.494 13.156
GGBF50% 11 65 MK5% 100 2293 6917
MK5% 14 100 MK10% 70 3.077 11.738
MK10% 12 70 MK 15% 30 3.479 18.673
MK 15% 8.5 30
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Fig. 1. Compressive strength results by mixing ratio of industrial byproducts.
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Fig. 3. Rheological Properties by mixing ratio of industrial byproducts.
Table 9. Mix design for high-performance characterization
Unit volume (kg/m®)
W/B Gmax | S/a
Variable addition
(%) (mm) (%) water cement fine Coarse SFeel Sp
aggregate aggregate Fiber | gF | MK
1 REF 40 13 65 192 480 1102 565 40 0 0 384
(0.8%)
2 SF5 40 13 65 192 456 1097 562 40 24 0 4.08
(0.85%)
3 SF10 40 13 65 192 432 1091 559 40 48 0 4.80
(1.0%)
41 MKS 40 13 65 192 456 1100 564 40 0 24 480
(1.0%)
5| MKI10 40 13 65 192 432 1097 562 40 0 48 576
(1.2%)
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we | G .y Unit volume (kg/m®)

. max a —

Variable (%) (mm) (%) water cement ag;;z;ate a;;z:;e S itgzl ad(:Atlon Sp
1 REF 40 13 65 184 460 982.7 421 40 0 1.38
2 | FA10 40 13 65 184 460 970.4 415 40 46 1.38
3 | FA20 40 13 65 184 460 958 410 40 92 1.38
4 | FA30 40 13 65 184 460 945.7 405 40 138 1.38
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Table 11. Mix design of field test

Unit volume (kg/m®)
W/B Gmax S/a
Variable addition
(%) (mm) | (%) water cement fine Coarse S.teel SP
aggregate aggregate Fiber | pA | SF | MK

1 REF 40 13 65 192 480 1102 565 40 0 0 0 384
(0.8%)

2 SF5 40 13 65 192 456 1097 562 40 0 [24] O 4.08
(0.85%)

3| SFI0 40 13 65 192 432 1091 559 40 048] O 4.80
(1.0%)

4 | MKS5 40 13 65 192 456 1100 564 40 0 0| 24 4.80
(1.0%)

5.76
5 | MKI10 40 13 65 192 432 1097 562 40 0 0 | 48 (1.2%)

5.28
6 | FA20 40 13 65 192 384 940 558 40 9% | 0 0 (1.1%)
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Fig. 8. Result of slump test and air contents test of mix
design of field test.
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