Journal of the Korea Concrete Institute
@ Vol. 24, No. 1, pp. 087~095, February, 2012
http://dx.doi.org/10.4334/JKCI1.2012.24.1.087

nEgaae FeMat s

Influence of Blast Furnace Slag and Anhydrite on Strength of Shotcrete

Sung Hee Ryu,l) Kyung-Joon Shin,” and Yun-Yong Kim”*
YResearcher, R&D Department, Union Corporation, Cheongwon 863-852, Korea
“Dept. of Civil Engineering, Chungnam National University, Daejeon 305-764, Korea

ABSTRACT This study investigated the compressive strength, flexural strength, setting time, and rebound when blast furnace
slag and anhydrite, which are widely used mineral admixtures for concrete, are applied to shotcrete. When Ordinary Portland
Cement (OPC) was replaced at a rate of 10% with blast furnace slag and anhydrite, the initial and final setting time requirements
were all satisfied. However, when OPC was replaced at a rate of 20%, final setting was delayed, revealing that this mixture was
not suitable for shotcrete. Compressive strength test results showed that the mixture with 10% OPC replacement rate met the tar-
get strength at 1 day and 28 days for permanent tunnel support usage. Particularly, the mixture designed with OPC replacement
by blast furnace slag and anhydrite at rates of 5% showed the highest compressive strength. Rebound measurements revealed that
this mixture exhibited excellent performance with 23% reduction in the rebound compared to the shotcrete that was produced with

only OPC binder.
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Table 1 Physical properties of cement
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Density Blaine 44 um on residue Setting time (min) Compressive strength (MPa)
(g/em’) (em?/g) (%) Initial set. Final set. 3 days 7 days 28 days
3.14 3,200 12.5 240 370 22.5 30.0 39.5
Table 2 Chemical compositions of slag and anhydrite (Unit: %)
Type SiO, Al,O4 Fe,03 CaO MgO Na,O K,O SO, Total
Slag 33.4 15.8 0.6 41.8 5.3 0.3 0.3 1.5 99.0
Anhydrite 2.5 0.08 0.10 39.1 0.67 - - 572 99.65
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Table 3 Physical properties of high range water reducing

Table 5 Compressive strength of mortar

admixture OPC Compressive strength (MPa)
Density Content of replacement
T A] ) H
ype ppearance (gfem’) p solid (%) ratio (%) 1 day 7 days 28 days
Light b 0 16.1+1.4 26.7£1.9 36.1+2.8
AB-HRW®| 8T OOV 061005 | 65510 | 41-45
liquid 14.7+1.6 29.2+3.1 38.8+£2.6
® Air-entraining high-range water reducing admixture 7 17.4+1 1 203+15 40.343.1
10 21.4+1.2 39.7£2.7 48.5+£2.8
#=azE Ao dH EIAEESY T} 4T 12 21.0+2.4 44.043.1 48.9+43.4
9] OPC A&& WS AAZ A BEEIE JuH|AY 15 17.5£2.6 453+1.4 50.8+1.7
o sl AAAE LS B3l w2z 80% © 20 13.8+1.3 47.9433 525413
A4 el 19 BE WEEs, T 80% of
A FANT T DEIA Bolel e B -
_ —8—1d
SHze) ERNEL 11 TN 1RSAT, T3 ] o7 aays
91 - —&— 28 days
o

&< Table 49} 7Ol 0%, 5%, 7%, 10%, 12%, 15%,
20%i Fol AL AL dh 20%E Z2Hsk=
AL AR OlM 19 A7 F43] A 8tk

1*1 Aottt A E 8T li"aﬁzg}
Aae] HF EPHIEL 48X TEste SAYE @j

Aol AR stn} T,
3.2 REEI2 A ME

(KCI SC 102)0]] F3&to] A
;%} iﬁ alE Al F& alelste] H
FiH] 5%°] FAA
1027+ 2 %%01 -Q—lﬁg— =39 o3
& Attt F&A

SOl 23+2°Ce| %
( ‘__l’ o] 801)01]

I AN ,] B3

ofr 2 My

N Iéf

2 )

ri
8

) n{u

:LJ

J}L

o

A(RH 90% o’ 19 A
Az A FAskA 22 AP
Fote AlEA= 0 A A st

gttt

Mo 24 o2 o}‘i of M wut o

_ll}l'

330ju|AE Zt

A (LEESY T HFAI=1:1)e] ASLo] WE B

Table 4 Mix proportion of mortar
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replgceiqent W/C | OPC | Sand | CM" | Mineral
o, .
ratio (%) (%) ) (g) |(Cxwt)| admixture
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T =1:1
15
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Compressive strength (MPa)
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Fig. 1 Compressive strength of mortar plotted as a function of
OPC replacement ratio
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Table 6 Amount of slag and anhydrite used for OPC
replacement in terms of weight fraction

Type Slag (wt.%) Anhydrite (wt.%)
1 30 70
2 40 60
3 50 50
4 60 40
5 70 30

A el 2 sk A gsiath BE u el AMeE
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Table 7 Mix proportion of shotcrete
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Fig. 2 Specimen preparation for compressive test
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Type W/B Repl.acement Unit weight (kg/m’)

(%) ratio (%) W C Slag"” | Anhydrite S G Admixtures
Plain - 188 470 - - 960 665
I-1 188 423 14.1 32.9 960 665
I-2 188 423 18.8 282 960 665
I3 10 188 423 23.5 23.5 960 665 oM@
I-4 188 423 282 18.8 960 665 (Cxwt 5%)
I-5 40 188 423 329 14.1 960 665
-1 188 376 28.2 65.8 960 665 AE-HRW"
11-2 188 376 37.6 56.4 960 665 (Cwt 1%)
11-3 20 188 376 47 47 960 665
114 188 376 56.4 37.6 960 665
11-5 188 376 65.8 282 960 665

“Blast furnace slag, ~’Cement mineral accelerator, "’ Air-entraining and high ranger water reducing admixture
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Table 8 Setting time of cement mortar

Type Setting time (min:sec)
Initial setting time Final setting time

Plain 0:48 12:10
I-1 0:56 10:10
I-2 0:49 7:30
I-3 0:45 6:10
I-4 0:47 5:40
I-5 0:44 6:50
1I-1 1:50 19:30
11-2 1:40 17:40
I1-3 1:20 16:20
11-4 1:15 11:10
I1-5 1:10 9:30

110 [ 10% Replacement
I 20% Replacement

Setting time (sec)
3

plain typel type2 type3 typed type5

(a) Initial setting time

1200
1100
1000
900
800
700
600 -
500
400
300
200

[ 10% Replacement
I 20% Replacement

Setting time (sec)

100

pl.':lin type1 type2 type3 typed type5
(b) Final setting time

Fig. 3 Setting time with respect to replacement ratio
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Table 9 Average compressive strength

Compressive strength (MPa)
Type
1 day 7 days 28 days
Plain 16.0 35.8 41.3
I-1 222 44.8 49.7
1-2 19.8 40.8 48.8
I-3 20.5 46.8 54.8
1-4 16.8 352 49.0
1-5 18.1 37.8 54.5
1I-1 13.0 33.5 40.1
1m-2 13.5 33.1 46.0
11-3 14.5 43.2 51.1
11-4 15.5 39.3 50.4
I1-5 14.9 38.1 45.1
70 -
[ 11day
I 7 days
60 ~ I 28 days
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Fig. 4 Compressive strength
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Table 10 Average flexural strength

Table 11 Rebound test result

Flexural strength (MPa) Total weight | Rebound weight | Rebound ratio
Type Type .
1 day 28 days (kg) (kg) (%)
Plain 234 4.63 Plain 4,648 515.9 11.1
I-1 2.29 4.81 I-3 4,648 396.4 8.5
I-2 2.54 5.09
I-3 2.27 5.26
1-4 2.46 5.21
I-5 2.43 5.24
11-1 1.96 4.72
-2 2.28 4.86
11-3 2.20 5.17
11-4 2.32 5.03 b
-5 204 501 (a) Overhead surface (b) Vertical surface
Fig. 7 Spraying of shotcrete
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