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of Concrete Using Modified Fly-Ash by Vibration Grinding
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The objective of this study is to evaluate the practical application potential and limitations of the modified fly ash(MFA) by
vibration grinding as a partial replacement of ordinary portland cement(OPC). The test parameters investigated were the
replacement level of fly ash(FA) and FA for OPC, varying from 10% to 40% and curing temperatures of 5, 20, and 40C.
The various characteristics(including slump, air content, bleeding, setting time, compressive strength development, and
hydration products) of MFA concrete were measured and then compared with those of the concrete with conventional FA.
Test results showed that the MFA prefers to FA in reducing the bleeding of fresh concrete and enhancing the compressive
strength gain at an early age. The compressive strength ratios between MFA and FA concrete specimens at an age of 1
day were 135%, 146% and 111% at the curing temperatures of 5, 20, and 40C, respectively. The corresponding ratios at an
age of 28 days were approximately 110%, regardless of the curing temperatures. The X-ray diffraction analysis also revealed
less calcium hydroxide products in MFA pastes than in FA pastes.
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2.1 AR

ke

211 7|=XE4
AHIEE W& 315g/cm’, 22T 3560cm’/go BE ZEM
=z}
O|OHAl(Fly ash, FA)= & 2.22g/cm®, 22T 3 410cmP/g & 74
Al Z210|0fAl(Modified fly ash, MFA)= LU 2 23g/cm® 2LE
4,166cm’/gE AMREIICE FAQ| H|EHA 2ot = 3 410cm’/g
ol HlsH UHIFES HE MFA BEYEE 4166cm’/go2 Of
122% =UCHTable 1), OPC, FA & MFAQ| St E2 Table 20]
LIEILARICE, OPCY| 2feld FEE2 A3|(Ca0, 61%), &2l7t

EAHIE(Ordinary portland cement, OPC)E AtZoIH S,

Table 1. Physical properties of cementitious materials

Type OPC FA MFA

L.O.L 1.20 3.20 3.20
Density(g/cm’) 3.15 222 223
Specific surface area(cmz/g) 3,560 3,410 4,166

Table 2. Chemical compositions of cementitious materials

Type OPC FA MFA
Si0y(%) 21.60 58.20 58.20
ALOY(%) 6.00 26.28 26.28
FeO3(%) 3.10 7.43 743
CaO(%) 61.40 651 6.51
MgO(%) 3.40 1.10 1.10
SO5(%) 2.50 030 0.30
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Fig. 1. Particle size distribution by Vibration Grinding Time
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Fig. 2. Particle size distribution of FA and MFA
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Fig. 3. Micro-structure images of FA and MFA SIRICt TR & 2 S-ZAMH|(W/B= AQUIRETIIE &Y

Qo ZS2t0[0HA| X[2tE2| 710l whet ChA ZAAZICY Eot O]

21,3 S7| AAEF0| S710] wet S7(2F AAet St O|AAEA AEH|

ZEE skt 22AM(Crushed sand, CS)E AIZSIRICH, & 7t 50| YM=0] AEN|Q| STt AAL7| T20] FA 22 23
OBTH= FTHRINGra) 25mmO! SHIMA HEBTHGraVE, G2 2IE OIME AR9] 27[2F2 | SisiM AERIQl AR BTt
AE3ICE AR E CSo| S48 L XEE(Fineness modulus, A|74Z=0{0}F Btct
FM)S 22+ 0.95% 2l 2810192, GO &8 2l FMS Ztzt
0.62% % 6.680|ACHTable 3). 2.3 A3 dhH

L 2| o2 @32lE0| SHEE} TIYS 22} KS F 2402
2.1.4 st&t =3t o o .
S ozt (o1 9 T2 AHS 2ls(of (2017) 2 KS F 2421(2016)0] w2t =X&510H 22|12 A2l KS
35t 28til= MFAS] =45, & =5 S -
Aol Bl A oo = TOT R 241420200 w2t S215 87] 710N 3mm WA A
o| Egp7I=EAN| IAs MI(Water reducing admixture, -
20) 81 2o nes Al . rﬂ'f@'  mapy S0 QOIS 0R0MG, 1 S s0z0l 538 st 82
5 &7 |HK|(AIr entraining agent, oA 7 _

EAWTO| |; o rg gH oAy ol s AJZHS KS F2436(2017)0]| 2t d150X150mm x5 =c= X
2EMAlY| 7|2 AxE F Mz L 72 ) _ _ _ _
. w? oo 25! 2440 e o ol EeEzion SEsel, UEAE B8 SN 0

TP} AHIE QUXI0| HSE|H S4H0] At 52{02 FAZH )
==e = = < ° 100X200mm =S 2EZ ALR5H0] KS F 2403(2019)01| 2t
Hde RAlole S48 #1 UCH, 0= Al 2o 280] 2 o ) - _ .

ol xfols g 4l 2t 1o 2 sl 25 55 LIS B101 HEISISICL T 25 AR B4
S _'l__ﬂ 1= - 7 L =X 6|_ 5= 2 7 EE =l - = =
o|': I- | | =H'o H =} =2 o= oo | | | J—|’ E 24)\|7+ §_ EEE El'o:i Ef =3 5OC, 20°C %J 400C01|)\‘| %U(\DH%
0|C] _ _
' AHAGIROH, KS F 2405(2017) 232|E A=H= Ao
Table 3. Physical properties of aggregates used Ol X 1, 3, 7, 28Y I 91U SHEIUCE 12|10 fetdE
my| ol 1 HE O X2 BM517| o510 2—Z5HH| 30%2
- R R e 7 9 L DJHTES 24617| SIsiol S-Z et 30%2)
P (mm) (g/em’) (%) HO|AES CHEO B - &5 SZ0lIM Ll = 2N Yol A=
cs - 2.61 0.95 2.81 (6x5>X2mm)& AMF[ot0] XM 3HEEM(XRD), FAEIXIADIZ
G 25 2.63 0.62 6.68 (SEM)% é;gal,(/al:l_
Table 4. Mixture proportions of concrete specimens

Specimens WIB Sla Unit content(kg/m’) AD AE

P (%) (%) Binder w OPC FA MFA cs G (%) (%)

FA 10 50.3 176 315 35 - 850 928 0.12

FA 20 49.7 174 280 70 - 846 924 0.21

FA 30 48.9 171 245 105 - 844 922 0.29

FA 40 48.0 168 210 140 - 842 919 0.43
48.0 350 0.7 —

MFA 10 50.3 176 315 - 35 850 928 0.19

MFA 20 50.0 175 280 - 70 845 923 0.32

MFA 30 489 171 245 - 105 845 922 0.45

MFA 40 47.7 167 210 - 140 844 921 0.61
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Fig. 4. Unit water content used in concrete specimens
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Fig. 5. AE dosage used in concrete specimens
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Table 5. Summary of test results

Penetration .
Specimens sy cofl‘:;nt fe.sistance(mifl) Ble;: din,;; ten?s;ru:t%lre Compree s
(fum) (%) Initial Final | (ent/ent) (C) 1 days | 3 days | 7 days | 28 days | 91 days
setting setting
5 0.4 34 12.5 20.9 24.0
FA 10 185 39 440 572 0.2108 20 52 12.4 21.6 30.3 34.4
40 14.2 22.3 26.4 28.1 31.5
5 0.4 3.1 11.4 19.1 22.4
FA 20 190 3.8 440 578 0.1901 20 4.0 9.4 19.9 26.6 30.1
40 14.1 21.6 25.5 272 29.9
5 0.3 24 8.5 16.3 19.6
FA 30 190 3.6 460 585 0.1538 20 24 73 17.8 253 29.8
40 12.8 21.0 25.0 26.5 28.5
5 0.3 22 72 15.0 17.6
FA 40 185 4.1 430 578 0.1507 20 1.1 5.7 17.6 24.8 27.7
40 10.6 20.1 24.6 26.8 30.0
5 0.6 42 133 222 25.1
MFA 10 185 42 440 555 0.1707 20 6.3 13.3 24.1 31.8 36.1
40 15.4 23.5 27.8 30.4 34.0
5 0.5 4.0 139 20.9 26.0
MFA 20 185 4.4 430 564 0.1478 20 5.1 11.7 21.6 28.5 323
40 15.1 23.1 27.0 29.1 32.1
5 0.5 3.1 10.1 18.9 239
MFA 30 190 33 450 573 0.1197 20 3.7 9.1 19.7 28.0 313
40 14.3 21.9 26.1 29.1 33.6
5 0.3 2.6 9.0 16.1 21.9
MFA 40 190 3.7 450 592 0.1317 20 2.0 7.1 16.8 26.0 28.5
40 12.5 21.3 25.3 28.1 32.5
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Fig. 10. SEM images of MFA or FA pastes at different ages
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Fig. 11. XRD patterns at different ages
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