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Durability Assessment for Crushed Sand Wet-mix Shotcrete
Mixed with Mineral Admixtures

Kyeo-Re Lee,” Seung-Yeon Han,” Kyeong Nam Gung,” and Kyong-Ku Yun"
YDept. of Civil Engineering, Kangwon National University, Cuncheon 200-701, Korea

ABSTRACT The purpose of this dissertation was to investigate the effect of mineral admixtures, such as fly ash, blast furnace slag
powder, meta kaolin and silica fume, on the basic properties and durability of crushed sand shotcrete, selecting a series of shotcrete
mixtures with a variable admixture. Compressive strength increased as the content of mineral admixtures increased, specially it was

the most effective when using meta kaolin both at sample specimen and core after shotcreting. Rapid chloride ion permeability test
and sulfuric acid resistance test showed that both durability increased as the substitute rate of mineral admixture increased. In air void
analysis with image analysis, the targeted the spacing factor and specific surface were not satisfied because air-entrained agent was

not used.
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Table 1 Types and substitution ratios of mineral admixtures

Shotcrete Before Pumping After
(BP) Shooting (AS)
BP.Control AS.Control
BP.FA 10 BP.FA 20 BP.FA 30 AS.FA 20
BP.SF 5 BP.SF 10 BP.SF 15 AS.SF 10
BP.MK 5 BP.MK 10 | BP.MK 15 | AS.MK 10
BP.GGBFS 30|BP.GGBFS 40|BP.GGBFS 50| AS.GGBFS 40

Table 2 Durability of Test item

Test item Test types Note
Gty ks raws BRI
R ot 0 s 2112

image analysis for

air void structure ASTM C 457 |28 day

boiled water

absorption test ASTM C 642 |28 day

608 | =232 |Ese| ==& M267 X5= (2014)

22 AE A=

= Aol FheE 27 A ZaYEY] SYHE U ¥
7% Mg FESA S 22 V12 Y, 84
01% AF ALY A9, Hekad A9, B & 57 A

SR AR 2e TSRS Bk B4 s
o}ﬂ%, ARl 88 B AF AP Table 29
2.

23 4 =

2.3.1 AHE

A EE= KS L 5201904 80 oA, 714 Bk
1 SAF BARS] 1F TEWE AWEERDE 3,289 cm’/g,
W% 3.15 glem’, A7 0.61%, AHE 0.08%)S AL

Pl

i

O

2.3.2 21

F& FAle HAS(Gmax) 10 mmel A 43 zF
A= Fa BRdE ARSIt HS EA9 A
71ES w2 gekA] okgkal vk, 13, 10, 5, 2.5, 1.2, 0.6,
0.3, 0.15mm AE F0]sto] ZH2He] Ao AFehes de
o FAE AF § T KS F 2577 “2AUES A5 ¢
o) e dllgehs EAE A R
15l &3t e] &7 EAILS Table 39
257 & A= x4 A
&3 A& Fig. 19 2tk

9
oo ¥ mx b

rﬂ T g r_>z

=]

E
Aol e

% my o i
©H G
A

«r
=
132 o
=

EO" 3

>~
i

JH

2.3.3 20z

1) ZzofofAl

Setolofals AAl F3mbe A FAsH
Hkgsto] 3t Ao TE WS ok E3HA

Table 3 Physical properties of mixed aggregate

Aggregate type | Specific gravity | Fineness modulus

Mixed aggregate 2.82 3.75

120

~--- Suggested grain-size distribution range of Mixed agaregate

—4— Grain-size distribution of Mixed agaregate

=
o
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Percent by passing Weight(%)
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o o o

[N]
o

0.1 1 10
Grain Size(mm)

Fig. 1 KS F 2577 Distribution of mixed aggregate
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Table 4 Physical properties and chemical composition of

fly ash
Type Test
Physical Density (g/cm3) 2.20
Characteristics | ignition loss (%) 2.50
ALO; (%) 22.90
Chemical CaO (%) 1.80
properties Fe,05 (%) 1.84
Si0, (%) 50.70

Table 5 Physical properties and chemical composition of

silica fume
Type Test
Density (g/cm’) 1.5~3.5
Specific gravity 2.2+0.2 (20C)
ignition loss (%) 3.45 below
. Fineness (cm’/g) 150,000 ~300,000
Physical .
Characteristics Form Sphericity 90%
Particle size (um) 1
Ull(ﬁgj:r?fht 250~300
Ingredient Silicon (85% more than)
SiO2 (%) 85~95
ALOs3 (%) 1.5 below
Chemical Fe,03 (%) 3.0 below
properties CaO (%) 0.7 below
MgO (%) 2.0 below
SOs (%) 0.2 below
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Table 6 Physical properties and chemical composition of

meta kaolin
specific
S‘;rrtz‘:e Si0, | ALOs |Fe>05 | TiO, | CaO | Na:O | K>O | P>Os
(cmz/g)
12,000 | 52.1| 45.3 | 0.60 | 1.64 | 0.05 | 0.21 | 0.16|0.10

Table 7 Physical properties and chemical composition of
ground granulated blast-furnace slag

Type Test
Density (g/cm’) 2.88~2.94
. Residue (>45m,%) 2.0 below
Ch:rlall}c]felt:?sltics Particle size (um) 12~16
specific surface area (cm’/g)| 4,000~ 6,000
Moisture (%) 0.4 below
SiO2 (%) 30.0~36.0
ALOs (%) 12.0~18.0
. Fe;03 (%) 0.25~0.35
;ﬁ;‘:&ﬁ CaO (%) 38.0~45.0
MgO (%) 10.0 below
SO; (%) 4.0 below
ignition loss (%) 3.0 below
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Table 8 Mixing properties of shotcrete

wicl v Unit Weight (kg/m’) sp | )
@ || w| ¢ | s | 6 ™o =
ixture

Control 441.0(1326| 376 | - |1.1|AS
FA10 396.9(1311] 372 | 44.1 [1.0

FA20 352.8(1297| 368 | 88.2 [0.9|AS
FA30 308.7(1283| 364 [132.3]0.8
SF5 418.9]1320( 374 | 22.0 [0.9

SF10 396.9(1314| 373 | 44.1 [0.9|AS
SF15 | 43 |77.5]190|374.8|1308| 371 | 66.1 | 1.1
MK35 418.9(1323| 375 | 22.0 [ 1.0

MK10 396.9(1320| 374 | 44.1 | 1.0|AS
MK15 374.8(1317| 374 | 66.1 [1.0
GGBFS30 308.7(1315] 373 [132.3]0.8

GGBFS40 264.6(1311| 372 |176.4]0.7 | AS
GGBFS50 220.5(1308| 371 |220.5(0.6
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Compressive Strength (MPa)
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(b) BP&AS(28 Day) Compared to the main variables

Fig. 2 Compressive strength test results
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Rapid chloride ion permeability test results
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Fig. 4 Chemistry resistance test results
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Fig. 5 Image analysis for air void structure results
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Fig. 6 Boiled water absorption test results
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