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This study is to investigate experimentally the effect of refining of fly ash (FA) on the engineering properties of the cement mortar. Five
different FAs are used including raw fly ash, refined fly ash, reject ash and their two different combinations. The cement mortars are
fabricated with 1:1(binder to fine aggregate), 1: 3 and 1: 5 respectively, which are replaced 30% of FA by cement. Test results, indicated
that, the flow of Ra showed lower flowability than Rf at all mixing ratios. Also in the case of Rj, it was expected to show low fluidity, but
it showed flowability equal to or higher than Rf. Air contents are all formulations except Rf and Rj did not satisfy the target range.
Using Ra, the refining process shows an air amount about 41% lower than Rf, in the case of Rj, it showed about 19% higher air content
than Rf due to porous foreign matters inside the mortar. Compressive strength was in the early days 3 and 7, the strength was lower
than that of Plain's OPC, after 28 days Rf exerts higher strength than other FAs, it was confirmed that higher strength than OPC can be
secured at a mixing ratio of 1: 1and 1: 3. For frost resistance, the use of unrefined FA resulted in decrease of frost resistance sharply due
to loss of air content by the use of unrefined FA. Therefore, it is considered that the use of high quality FA through refining process will
contribute positively to the economical formulation of concrete and the stability of the structure.

JIRE : SA0I0HAl, B2, F2, cIBEWMA, 2262, S

Keywords : Fly ash, Raw fly ash, Refined fly ash, Reject ash, Mortar, Engineering properties

Jim
0x

1. M 2 Ohton 22 YMED Q=0 0|EH L&E FAZ 2EHEE
Slall HHl S MM YY SR0I0| H2EH & MREIE 230}
XF2Hst 2X7F AZsH| ol tet Re|uts 244 Ygtmolct 13| 22 Y2 FA FHSH M= 27HEY &
A0 CO, UME M-S ol CHA=R ot A= M7 T 59| 01R 2 HMESEE HXIX| 42 2 HE
2Z0|CKSho and Park 2012), FAZ 202 SZoil @27 27t 2 A7t =0 2=
£5|, = 74 dgoilMz 7HY 2 CO, YMZS XXlot= M QICHJung 2014), 0] 22 FXISIX| 42 FAQ| 0|4 EHES
AHIES| AIBZHE £0(7| flo 248 ALUFMES AHIE CHHRY LS 28 22250] 232EQ 20| AUt AYes ol
2 Agst= getof et oot gbs] X QIC) 01F thE Ao AI=E|LL OFEEX] Of218t Fatg A7ttt Zite 21
Moz Z2}0[ofA(0laF FA)| B2 A LlEl 4N H A7 IZ= Ht gl= Aot
A 52/ 01-0| U0f ZLIDIE AfolME 71 ol E85| Es5|, 02/t DIFNIE 22 YHIEEC| FA ALZ0| T2 232
= 23E3 o2 QAIET QtHPaik and Jung 2002), Eo| AN U A 2olE I MRlATHO| TEo| ZiEkste
0[248F FAS| LY Ehetizk2 SiRl 77 StELTA0]A 47+ 800 QX! 2olZof mah7 AR TIHE 2] Gle A0

* Corresponding author E-mail: mby4177@naver.com

e
HEstm HEZ

(V1

St Stup Hw4= (Department of Architectural Engineering, Cheong—ju University, Associate Professor, Cheongju, 28503, Korea)
*H=ChEtm STt MALIFY (Department of Architectural Engineering, Cheong—ju University, Master’s course, Cheongju, 28503, Korea)

Copyright (©) 2017 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

275



o - RHE
Ol =T Table 2. Mixture proportions of mortar
et 2 Sl FAOI HH o827t 232|E9| 220 Sor Mass for unit volume
€ries
DRl= YHS AEiRoR DDA HHHO FA RE, FHE | o | of mortar(kgim®y | A5
(%) | (kg/m’) (B/%)
FA 22|10 Setxol Z2lo| 2iMEofAo| 3582 Msio ol BS| Twe OpC | FA | 5
, e oPC 360 | 901 0 901 | 0.065
2 UL PlHiE ZEEENK] 82N FAQ| X0
i S0l DLl SRS it S Rf 347 | 608 | 261 | 869 |0.065
Z2El=20| 45k E B sE=n PN S
7t ZEE29| 8 EHol| 0IXl= FY¥E TEGIIA} Bttt . Rfa “ 37 | 607 | 260 | 867 | 0.065
Ra 347 | 607 | 260 | 867 | 0.065
2. Alsl7|El 2 ghH Raj 348 | 608 | 261 | 869 |0.065
Rj 348 610 | 261 | 871 | 0.065
21 AlSi7|El oPC 288 | 480 0 | 1440 | 0.025
Rf 283 330 | 141 | 1413 | 0.055
= Aol AMEAIE I HiRARE Tables 1 3 294 2T}, HX| Rfa 282 | 329 | 141 | 1411 | 0.055
, , 1:3 60
HigieQlc= HEEIZO HigH| (B: S)=1:1,1:3 1: 52| 3¢Z0] Ra 282 | 329 | 141 | 1411 | 0.055
CHall SZSIH| (W/B)= 212t 40, 60, 80%= A1&I5I%Ct o7 (0| Raj 283 330 | 141 | 1413 | 0.055
HE DEC ABIEZ AIR3H HIEIS PlainCz 510 28 27| Rj 283 330 141 1413 | 0.055
210] 4541 5% OFSSIEE 3 SISl Za|Es pe oPC 262 327 0 | 1636 | 0.005
i 0“ FAS 30% | - Rf 258 | 226 | 97 | 1614 | 0.040
= x|gtstE 2o AEls
= ° Ao A_ ors Rfa 258 | 226 | 97 | 1614 | 0.040
Raj 258 226 | 97 | 1614 | 0.040
Rj 259 | 226 | 97 | 1616 | 0.040
Table 1. Experimental plan
Factors Levels HE HXIX| 22 #& FAOISH Ra), FNIHY & XA ==
B : S \ 1:1, 13, 155 2|HEOHAI(O[5H R), 0IF AZE 288t 28 FA (0lt Ria, Re))
2) = _ _ _
Wb 0 40, 0, 8 0| 2ZRE T3 & 54ECR Ml 5 1BHRIS U A
Target air content(% 1 4.5+1.5 — _ o
e & e SIUCE, Ol 2712 SIS /5t AEH| MBS FA K| 22E}
Binder 2 : : 2 = R A2 ZEEIZ27I 25 27|25 DEESHEE et st
. OPC:FA = 7:3 6Rf |'c>E I' |‘—|ﬂ'-o |c>0“ —\Ol'E—| H::lE7:”
Mixture Refine FA(Rf) = DE AYHs0| Yot MEsk= A2z A=sIRict
Refine + Raw FA(Rfa) Ao 2= 2X| e DEEI2NM= 22 27 4
FA type 5 Raw FA(Ra) o REEE0ME NEE YELEE SHots A= §IRIL
Raw + Reject ash(Raj) ESHEZI0[00A| ZF0]| M2 46 MEM IIIE sl 300Cycle
Reject ash(R) o SZEgsfoll Bh=ol w2 A SERY Alay), Zast 2 2ol
Flow _ _ -
Fresh mortar 2 HolS D=2EF2 HigH| 1: 321 W/B 60%0| ME5H= ez
Air content =10
35 C]
Hardened mortar | Compressive strength =S
ardened morta (3, 7, 28, 91days)
4)
Experi- RDME 2.2 *I‘%XHE
ment (30, 60, --- 300cycle)
Durability? ; Length change = AISI0l| AI25H MEEM, B OPC= ZUAH1E HE ZE
G0 0, = Y0yl @l AMIES AIBSIRID, ESIHR FAS U SA FA HHZE
Mass change
(30, 60, - 300cycle) Ol Mz S0 A2 2 S E= A I AZsiR=t, 1 =2
1) Binder: Sand 3) Plain A HEE 212} Tables 31t 42} ZITY, Figs, 1~32 & AR AR
2) Water/Binder 4) Relative dynamic modulus of elasticity St FA 355 QIXI0l| LSt FE-SEM(TAIBID|A)AIRICZ, FA &5

5) Applies only to the W/B(1:3).
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Table 3. Physical properties of cement
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Table 5. Physical properties of crushed fine aggregate

Setting time Compressive . . Passing ratio of .

. . - h(MP Density Solid 0.08 Fineness
Density | Blaine |Soundness (min.) strength(MPa) (glem®) volume(%) -08mm modulus
(gem) | (eme) ) Initial | Final 3 ! 28 sievel”)

days | days | days 2.62 55.0 3.81 2.92
3.15 3,390 0.05 230 | 345 | 24.8 393 | 56.9

Table 4. Physical properties of FA

Blaine | Density | LOI" SiO, CaO SO;

e | et | @ems) | 0 | ) | @) | @)

Rf 3,810 2.20 33 483 17.8 0.58

Rfa 3,730 2.19 5.5 32.6 16.3 0.54

Ra 3,650 2.18 7.6 36.9 14.8 0.50

Raj 3,325 222 6.3 37.2 17.0 0.63

Rj 3,000 2.25 5.0 374 19.2 0.75

1) Loss on ignition

Fig. 3. SEM image of reject ash
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Fig. 4. Flow due to change quality of FA
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Fig. 5. Air contents due to change quality of FA
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