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Evaluation of Durability Characteristics of High Performance
Shotcrete Using Fly Ash

Cheol-Woo Park,” Hyeon-Gi Lee,” and Tae-Sung Kang”*

"Dept. of Civil Engineering, Kangwon National University, Samcheok 245-711, Korea
“Dept. of Civil Engineering, Hanyang University, Ansan 426-791, Korea

ABSTRACT The industrial by-product market has increased at a geometric rate worldwide with the rapid economic growth. At
present time, conventional disposal methods of industrial by-products in Korea including landfill, incineration and storage already
have reached their limits. In this study, the industrial by-products such as fly ash and silicafume were used as mineral admixtures,
which are commonly added to concrete mix to inhance the economic efficiency, long-term strength and durability of concrete, to
determine the optimized mix proportion of high performance shotcrete. Through the series of tests (compressive strength test, accel-
erated chloride ion penetration test, measurement of chloride diffusion coefficient). The results of the study showed that the pro-
posed mix proportions satisfied the requirements of domestic as well as international guidelines for shotcrete, with a higher

durability than the existing shotcrete.
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Increase Tendency of Fly Ash (x10° ton)

Domestic thermal power level (x10% Kw)

1990 2006 2010

I Anthracite coal N Bituminous coal

Increase Tendency of Fly Ash

Fig. 1 Domestic thermal power level and increase tendency
of fly ash
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Table 1 Results of chemical constituent analysis

Unit (%) | SiO, Fe,O; | ALO; CaO MgO
Cement 21.5 297 5.00 61.4 3.77

Silica fume| 92.5 0.47 1.47 0.37 0.28

Fly ash 47.5 10.1 18.1 14.4 2.79




E 80~100 mm, ZXF7|FE 4-6%= 3t Il
Al Qe =IAYPEL FZIAYE YEHLEE WHE3S)
= H9E Fgelstaat st A E] YFEALS o
g 7HA] e 9s) HrrE $ At 2 SeA =

ASTM C1202, NT Build 492, 4=57=

P AEE SRk

o] AT FLEAL EUYE 2HgHibEe] 7
A& Hrtsr] flste] AgEatE SRE AEGS
ol N H (5%, 10%, 12%, 15%, 17%, 20%)$t A&7}
(71%)S A3sle] AME3IATh E3kA] X 8ol w2
ojwje] ol

Zre] MgEe] 54 Table 29} 2t}
S w3 Table 33 7o)

AT 2%
Al ¥

Table 2 Experimental variable definition
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Specimens Contents Notes
Plain No. mineral admixture
PS7 Silica fume 7%
Silica fume 7%
PS7F
STES Fly ash 5%

Silica fume 7%

PSTFIO Fly ash 10%
PF5 Fly ash 5%
PF10 Fly ash 10%
PF12 Fly ash 12%
PF15 Fly ash 15%
PF17 Fly ash 17%
PF20 Fly ash 20%

Cement mineral
accelerator
5%

Table 3 Mixing properties
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Fig. 2 Photograph of chloride ion penetration resistance test

Mix | W/C | S/A Unit weight (kg/m’) SP Target slump]| Target air
No. | (%) | (%) W B C SF | FA S1 G | (Cx%) | (kg/m’) | 80~120 mm | 4~6%
Plain 422 0 0 988 | 644 10 6
PS7 393 30 0 983 | 640 8.5 5.8
PS7F5 372 30 21 978 | 637 5 . 9.5 4.8
PS7F10 350 30 42 973 | 634 8 4.8
PF5 401 0 21 983 | 640 10 5.8
————— 45 60 190 | 422
PF10 380 0 42 978 | 637 115 5.6
PFI2 372 0 51 977 | 636 1.9 | 8.022 10 5
PF15 359 0 63 974 | 634 | 1.00 | 4222 115 4.9
PF17 350 0 72 972 | 633 | 0.75 | 3.167 10 4
PF20 338 0 84 969 | 631 | 0.65 | 2.744 10 3.5
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Fig. 3 Photograph of arrangement of the migration set-up

PS7 (28 days)

Fig. 4 Photograph of measurement of chloride
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Fig. 5 Photograph of arrangement of the freezing-thawing
repeat test set-up
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Table 4 Compressive strength test result

Specimen 1 day (MPa) | 3 days (MPa) (28 days (MPa)
Plain 16.9 23.4 34.1
PS7 16.6 25.1 333
PS7F5 13.5 19.9 29.0

PS7F10 13.0 17.6 29.0
PF5 16.1 22.9 254
PF10 13.2 22.1 25.7
PF12 12.9 21.5 31.1
PF15 6.8 19.8 31.0
PF17 5.9 19.6 30.6
PF20 5.6 17.0 29.8
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Fig. 6 Compressive strengths with five types of coal-ashy up
to 28 days



Table 5 Institute of compressive strengths standard for curing Table 7 Chloride ion penetration test result
time

Soeci Coulombs
pecimen
Standard 1 day | 3 days | 28 days 7 days 28 days
(MPa) | (MPa) | (MPa) , . ;
- Plain 17,157 High 4,370 High
Korea Conrete Institute 5~10 - 18 ST 7707 Thah 1763 L
Tunnel Standard Specification 10 - 21 ’ £ ’ ow
: ; PS7F5 7,453 High 1,707 Low
Highway Corporation 10 14 20
Standard Specification PS7F10 7,014 High 2,375 Moderate
Japan Concrete Institute 5~10 - 18 PF5 16,248 High 4,778 High
PF7 16,074 High 5,170 High
e} = =
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1= O ol = =) = = =]
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Table 6 Classification of chloride ion penetration standard for o We AsE FAAS A ZHS Table 83 7+o] U
2

coulombs Pt AstRole ATl Adol FRF T Fig. 4
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Table 8 Chloride penetration test result

Table 9 The results of freeze and thaw test

Chloride penetration| Non-steady-state migration . Relative dynamic Durability
Specimen depth (mm) coefficient (10° I2mz/sec) Specimens modulus (%) factor Ep/Es
14 days Plain 100.6 100.6 1.14
Plain 17.667 11.839 PS7 97.4 97.4 1.09
PS7 6.167 2.895 PS7F5 97.6 97.6 1.07
PS7F5 6.750 3.321 PS7F10 96.9 96.9 1.04
PS7F10 6.750 3.266 PF5 100.3 100.3 1.16
PF5 12.000 10.329 PF10 99.4 99.4 1.15
PF10 13.250 11.296 PF12 97.9 97.9 1.06
PF12 12.500 8.224 PF15 99.7 99.7 1.13
PF15 13.750 9.063 PF17 95.3 95.3 1.09
PF17 12.417 8.035 PF20 98.6 98.6 1.09
PF20 13.667 8.962
4.1.4 SZB M Ag 21t
» sAFs e F JFARARA LA % P FJE

B & m

Chloride penetration depth (mm)
& o o B

=

Plain  PST  PSTFS PSTF10 PFS  PF10 PF12
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PF15 PF17  PF20

Fig. 8 Chloride penetration depth test result
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Fig. 9 non-steady-state migration coefficient test result
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