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ABSTRACT

An experimental investigation was carried out in order to verify the compressive strength, flexural strength,
equivalent bending strength, rebound rate of shotcrete according to silicate accelerator, aluminate accelerator, cement
mineral accelerator respectively and to especially evaluate the performance of shotcrete using cement mineral
accelerator for high quality. The test result of compressive strength was showed that all accelerators were satisfied
the required test value for each age, for the requirement of having the 75 % or higher compressive strength ratio to
plain concretes at 28 days, cement mineral accelerator with 87 % compressive strength ratio was only satisfied. In
flexural strength test, cement mineral accelerator was satisfied the flexural strength requirement in steel fiber
reinforced shotcrete for each age. Aluminate type was conformed to the requirement for 28 days, but not at 1 day,
silicate type was failed to satisfy standard requirement. Rebound rate was measured between 11~199% and cement
mineral accelerator was showed comparatively lower rebound rate. Based on the test results, cement mineral
accelerator exhibited excellent strength improvement and lower rebound rate compared to the conventional
accelerator, its result is showed the possibility of making high performance shotcrete.
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Table 1 Chemical composition and characteristics of accelerator

1) Silicate and aluminate accelerator

Types Chemical name Chemical structure Feature Active content
Silicate Sodium silicate Na0/Si0: Transparent yellowish solution 40 %
Aluminate Sodium aluminate Nax0/AlO3 Transparent yellowish solution 40 %
2) Cement mineral accelerator
T Chemical composition (%6) Density
es 3
P Si0; | AlOs | Fex0s | CaO SOs | MgO | NaOs | KO | TiOs (g/cm’)
Cement mineral 3.05 315 0.84 36.40 1.80 0.50 11.50 0.31 1.40 2.76
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Table 2 Mix design of shotcrete
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Fig. 1 Making of beam mold specimens

Concrete Slump W/C S/a Unit mass (kg/m®)
(cm) (96) (%6 W C S G |Plas. ad| Fiber |Acc. ad.
Plain 12425 470 65 211 450 1047 585 225 - var.
SFRC 1225 476 65 214 450 1027 587 45 40 var
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Fig. 2 Curve of penetrated resistance-setting time

Table 3 Setting time by test result

. . . Specification
Type Setting time(min) (min)
Initial Final Initial Final
Cement mineral (5%){ 1.1 6
Aluminate (7 %) 2.1 13 <5 <15
.- Not
Silicate (12 %) <1 measurable
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Fig. 4 Curve of compressive strength-time for
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Table 4 Compressive strength for mortar

Compressive strength (MPa)

Types
0.5 day|1 day|3 days | 7 days | 28 days |90 days

Plain 0 102 | 197 | 295 | 395 45.2

Cement mineral| 32 |136/| 21.7 | 27.3 35.5 40.6

Aluminate 12 110 158 | 212 | 279 29.5

Silicate 72 |129) 178 | 226 | 252 26.0

Table 5 Compressive strength for shotcrete (MPa)

Types 1 day |7 days |28 days Specification
Plain 6.3 241 35.0
Cement mineral 1 day strength >
(5 %) 134 | 254 30.3 10 MPa
. _ 28 days strength
Aluminate (7 %) | 105 | 20.1 245 > 91 MPa

Silicate (12 %) | 112 | 19.8 223
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Table 6 Flexural strength and equivalent flexural

strength
Flexural strength Equivalent
Types (MPa) flexural strength
1 day |7 days |28 days (MPa)

Plane 1.14 | 4.06 581 411
Cement mineral -

5 %) 235 | 4.08 5.00 3.63
Aluminate (7%) | 1.84 | 357 459 3.12
Silicate (12 %) | 1.94 2.65 3.06 2.34

Table 7 Test results of rebound

Content of rebound (%)
11 ~ 17
13 ~ 17
14 ~ 19

Accelerator

Cement mineral accelerator (5 %)

Aluminate accelerator (7 %)

Silicate accelerator (12 %)
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Table 8 Compressive strength in mortar and shotcrete (unit : MPa )

1 day strength 7 days strength 28 days strength
ypes M S Ratio(%6) M S Ratio(%) M S Ratio(%)
Cement mineral 13.6 13.4 98.5 273 254 93.0 35.5 30.3 85.4
Aluminate 11.0 10.5 95.5 212 20.1 9.8 279 245 87.8
Silicate 129 11.2 86.8 226 19.8 87.6 25.2 22.3 88.5

Note) S : shotcrete, M : mortar, Ratio :
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