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An experimental study on performance of concrete
with constituent materials of shotcrete

Sang-Myung Kim, Jin-Yong Shin, Sang-Jun Ma, Kwan-Woo Nam, Ki-Ho Kim

Abstract The experiment was carried out to investigate the influence of coarse aggregate, admixture, and accelerator
on the properties of concrete. As the maximum size of coarse aggregate decreased from 13 mm to 8 mm, fluidity
of fresh concrete declined but compressive strength and dynamic modulus of elasticity of hardened concrete increased
remarkably. The mechanical properties of concrete substituted silica fume to the plain concrete improved, the
compressive strength of that substituted blast furnace slag increased slightly. The hydration reaction and compressive
strength of specimen with sodium aluminate type accelerator were high at initial, but specimen with alkali free type
accelerator improved largely in 28 days.

Keywords: Shotcrete, silica fume, blast furnace slag, accelerator, maximum size of coarse aggregate
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Table 1. Physical properties of cement

Setting time Compressive strength
(hr:min) (MPa)

Initial | Final 3d 7d 28d
3.15 3,260 4:10 7:40 21.5 26.6 38.9

Specific | Fineness
gravity | (cm%/g)

Chemical Si0, ALOs Fe,Os CaO MgO SO; Ig. loss Free CaO Insol.
Comp.

(%) 21.7 53 3.1 62.4 1.6 1.7 0.8 1.0 0.5
Mineral LSF LCF HM SM M CsS C:S CsA C4AF
Comp.

(%) 90 88.6 2.1 2.6 1.7 48 27 12 8

Table 3. Physical and chemical properties of admixtures
o Ei horide | Activity index
Type of admixture Spec1‘ ¢ me?ess Ig. loss Chloride ion (%)
gravity (cm™/g) (%)
7d 28d 91d
Silica fume 2.3 200,000 1.3 0.19 99 - -
Blast furnace slag 2.9 4,355 0.83 0.008 84 120 123
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Table 4. Chemical compositions of admixtures

Chemical compositions (%)
Si0; | AlO3 | Fe,O3 | CaO | MgO | SO;
Silica fume 217 53 | 3.1 | 624 | 1.6 1.7
Blast furnace slag [ 33.5| 152 | 0.5 | 439 | 2.6 2.5

Type of admixture
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Table 5. The main components and additives of alkali and
alkali-free accelerator

Type

(symbol) Additive

Main component

Alkali aluminate Na,O- AlL,O, -

Alkali-free aluminium sulfate,

tabili tc.
(AF1) diethanol amine stabriizer ete

Alkali-free  |aluminium sulfate, amorphous| organic acid

(AF2) aluminium hydroxide |and derives etc.

Table 6. Physical properties of fine aggregate

Test item Result

10 mm 100

5 mm 100
Patticle size distribu 2.5 mm 93
e e ot | o |
0.6 mm 46

0.3 mm 19
0.15 mm 8

Fineness modulus 2.57
Soundness index (%) 5.0
Density (g/em’) Surface-Dry 2.54
Oven-Dry 2.50

Water absorption (%) 1.21
Passing of 0.08 mm Sieve 3.0
Organic impurity (%) -

Unit volume weight (kg/f) 1.529

Table 7. Physical properties of coarse aggregate with maximum
size

Max. size
Test item (mm)

8 10 13

Fineness modulus 5.57 5.94 6.28
Soundness index (%) 4.0 4.0 5.0
Density Surface-dry 2.60 2.61 2.72
(g/cm’) Oven-dry 259 | 260 | 2.70
Water absorption (%) 1.47 0.94 0.97
Passing of 0.08 mm Sieve 1.8 0.6 0.8
LA abrasion index (%) 232 21.3 44.1
Unit volume weight (kg/f) 1.515 | 1.532 | 1.612
Solid volume percentage (%) 57 60 59
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Table 8. Scheme on concrete test with max. size of coarse
aggregate, type and substitution ratio of mineral

admixture
Type Test item Testing time
Fresh Slump Immediately
concrete Air content Immediately
Hardened Compressive strength 3, 7, 28d
concrete | Dynamic modulus of elasticity 3, 7, 28d

Table 9. Paste and mortar test with type of accelerator

Type Test item Testing time

Setting time -
Paste XRD
(X-ray diffractometer)

1, 3, 28d
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Mortar Compressive strength 05,1, 3,7, 28d aiaﬁ] 7%= 7(-1%3}%1\1;]..

Table 10. Mixing proportions of concrete
. W/B | Gmax | S/a Unit weight (kg/m’)
Specimen o o ! 2 3
(%) | (mm) | (%) | W C S SF" | BFS? | SP? remark
@ 8-Plain 8 - -
© 10-Plain 10 460 _ _ Evaluation on the max. size of coarse
aggregate

® 13-Plain 13 - -
@ 5-SF 8 437 23 -
® 10-SF 33.7 8 67 155 414 | 1062 | 524 46 - 2.3
® 15-SF 8 391 69 - Evaluation type and substitution ratio
@ 10-BFS 8 414 - 46 of the mineral admixture
® 20-BFS 8 368 - 92
@ 30-BFS 8 322 - 138

Y SF: silica fume
? BFS: blast furnace slag
» SP: superplasticizer (naphthalene sulphonate type)
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Table 11. Setting time of cement paste with type of accelerator
for shotcrete

Setting time
Type (min.: sec.)
Initial set Final set
Alkali aluminate 3:20 6:30
Alkali-free (AF1) 4:10 8:30
Alkali-free (AF2) 2:40 6:10
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