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Influence of Cement Replacement with Fly Ash and
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Reaction of Mortar

Jitsangiam Suwan, Jaturapitakkul Suwat
Affiliation: Department of Town and Country Planning, Bangkok

Abstract: The alkali-silica reaction (ASR) is an important consideration in ensuring the long-term durability of concrete
materials, especially for those containing reactive aggregates. Although fly ash (FA) has proven to be useful in preventing ASR
expansion, the filler effect and the effect of FA fineness on ASR expansion are not well defined in the present literature. Hence,
this study aimed to examine the effects of the filler and fineness of FA on ASR mortar expansion. FAs with two different
finenesses were used to substitute ordinary Portland cement (OPC) at 20% by weight of binder. River sand (RS) with the same
fineness as the FA was also used to replace OPC at the same rate as FA. The replacement of OPC with RS (an inert material)
was carried out to observe the filler effect of FA on ASR. The results showed that FA and RS provided lower ASR expansions
compared with the control mortar. Fine and coarse fly ashes in this study had almost the same effectiveness in mitigating the
ASR expansion of the mortars. For the filler effect, smaller particles of RS had more influence on the ASR reduction than
RS with coarser particles. A significant mitigation of the ASR expansion was obtained by decreasing the OPC content in the
mortar mixture through its partial substitution with FA and RS.

Keywords: alkali-silica reaction; blended cement; filler; cement-based materials; fly ash; mortar

ELEE Py Ak B RAS RGN 4 PR ) R 2R T 38 U A 2 SO
By BEIK (FA) & KR 300 F PR IR B B MR 1 SRS BRI A T ok SO R W)
Ao EIE—FBORE, B 7R PR R ) - FUAT, 4= [ B YRS A fL T BRAR AR 24 210 J7 MR A

Fo TEENRE, BHAE™E 9500 JTMERK, (HHIZY 65, 000 Ko ByHEKALE—FR AR BT R BET AN, 28Tz
PR, WUt 2031-2032 AFEAME SR AR ARy AR R, LR B AR BE 4 rp A 8
LY 18 ACHEA 6 ACHE . X BRI [ DL 220K (OPC ). By BB S K LB A fi P AS W7 484



@ Universe
Scientific Publishing

Road Engineering, 2§ T #£(8)2022,4
ISSN: 2661-3514(Print); 2661-3522(0nline)

i, B GE T RS AIREE £ R MERE, BRI A R
T W APERIBREE . JEE, BREABET AN OREA
BRGURLE R I m 40 . SR, — 28 RO & A AN
B R A ORI BURE A4 /NI R B TR Rk
SAFIT . TCOR I b 27 B 43 14 BRI 1) AR 1k Ak e 4
o FA AW TARKER], JFARBIH & LIS R EE 1
HIVFZPERE. 2010 4E, Sharma %5 ABFSY T 144 ke
FAFRPERSEN, 2 BT &t AR 7 e TR L B o
JEM FESE, ORISR PRIREE 1 il A LU 2%
MEZEH R, M FA FTLREES OPC IREE - —FE &Y
PURSREE . Be4h, el HIRAY T FA 18 opC 1]
DIAE P m i BEIR e L, fE 28 REFPUEREE N 773 &
82.5 MPa, — H FA #4532 Fy e iR EE - P s B i) —Fh
ik, FEME AT IRITSE FA DISGEIREE + 19
fhEgE, BTN TR A . FA A HIAT L e
SRR W FEASMERE, B AN R FRBE | BESS R AN
KK

e A, CAERAA FA (k&R ERGT) B
£ 20% % 50% 1 OPC A=A AN FA AYIREE 1 HA
FRERKPE TR EE . Ak, 280 FA S REEHT
A2 77 E OPC YR BE 4 B T B 192 B R R 6 TR B 1. FA
S FPRATH K LR, T B 1R S A e IR B T s
HENREE - H . 5 OPC IREELAHLL, FA LA B
TREARFA T BHREE AR B, X T8A FA
MITAERHRRE LIS, A TBEREAR 2-2.5 £5,
AN, FA CRH TGS & A B A BB TR BE 0 fef A
HUBRTERE . FA B FHVE E SR REs R, T4 BA
Z OPC ARG LA R HLAT i —FA TR .

FEvE S NUESE FA B —FMREFA KR, T T4
HlHk - S ALRER N (ASR ). B&HEM A 20% HIIRES
F 24 FA 5AKAMAIREG T LIS ASR Bk, 9555
AF&H, i F 2 FA ATRLLG C 28 FA B 2 25 /> ASR
PIE. BRI, Moser 82 NBIRFFEES TR W], FA M
AN RJEA B U A R ROV R BRI RD IR ) ASR
BN, TEABATTARITE Y, PRl XTRREPIEAE 14 KET
ASR JZIK A 0.70%. [RlEF, H C 28 FA 488 20% i) OPC
RAETE 14 KAFHF ASR FAEH] 0.20% LAF .

JUEVF Z 58 N B EIE FA & —Fhal T B 1k
ASR BERK 04 LA AL, R K i) 32 22k Pl RS2 Hh
HABPH 2, BRSO SR AP OPC & iId b
IeAh, BUREUN A FA 41X ASR BZAK B9 8201 H RiTHY
SCHR IR A AR BRI S BRI, ARFSE B AE%4E
FAARANEE 9 FA AR OPC XHRDIE ASR BEIK S, A T

WELAHEEXT ASR JEZRK IS, fEHIEHEIET FA P4
HEEAKSF, LAS FAAH A 40 B ) B i (RS) B
FARHE LI OPC, BIFE FA FTRS HYLEDREX D H ASR i
K52

Wt

— i A FE K U i R AR AR AR K U8, AR 4
ASTM C1500925 K 1 7, F-F R T A mb 3K, MK
(FA) EMFREZEE R WUER, &) R
RS R GUIRBEMBIE . FA ELHEEN T 3RAR I He A A
FA (40 R FRE AR B AE 325 S0 1 F i FA ORIk
o UG FA A7 32.8% WIRURLIR B AE 325 i+ b, iX
ARt ASTM CO185E SLIY 34% (IR, % FA $FR N
“33FA”. R ITBREENLATES FA, 3L 5.0 3 i 9% (1 5
KR B 2325 508 F (SFA) Lo N T #F 5% SR D
ASR IR AIRE R, A SOl R VDA A B AR, AR ST
e T VDR N2 IR Y . S T R FA 4
FEXT ASR BUSZMA , RS WA EE LS FA HATAHIE 240

SEAT R T, i X BT ST (XRD) 20 b7
SFA F1 SRS 945§ EE. SFA A f1 9% (Si02), Bk IR 45
(CaCO3) FBHRA (3A1203 28i02) Fhik, i SRS £
HAYEME, SR, RS TIAKEARY Ca (OH) 2 i
H A AR, o XRD B B AR R N %
A5t 33FA Fl 33RS ) XRD 4552, KoM {E% 33FA I
33RS MILEHS3 5 SFA I SRS FU4ESRAIRL. HosEfi
PR AHI Kroehong 45 ATIE B[R] 4H 2 14 A J5E I R
WK CRIEAAR ) (9 XRD 4558 HA /MY 25

VFZ SR B oY O 28 8, K M R 20 B X
HAb 22 W JLT- B A 5. SFEA k241 REAT & ASTM
CO18 1 CHLFARYHR, R Si02+A1203+Fe203 Z AR
F50%, SO3/NT 5%, kekit/NFART 6%, b
(Na20eq) K 2.8% (#ZHE 71t ). SRSHY F 2 A W) it
Si02, HHEEN92.5%, HawHAbEY .

HFER 5118

o FARPH ASR ¥ )

A 5 PR R PR A R X BRED SR (CT) 7
14 Kt ASR K M 0234 + 0.013%, #id 0.20%, #
HF (8 P G4 201 REAR 4R ASTM C1567, i IH1 25y 5 S i Pk
okl BEAN, R RN MR R ASR BD IR I ik
R, RUFHES . HZA . MECA MBE . R
P T AEBAT KL R ARSI sl TRBE 1= h & 2B ASR 45 Fh
Bl —SWFE A BRI, 340N Ca (OH) 2 (AT IR
= ASR PRI AR, SR AERT T OPC ES NS
ASR EERZIHF R Z B AEAE ARG R . fE CT 3 k3



Road Engineering, 22§ T 2(8)2022,4
ISSN: 2661-3514(Print); 2661-3522(0nline)

@ Universe
Scientific Publishing

T ASR R P= ek, PR NaOH iS4t T il
K-, TR EA A K AR T OPC B, SR, i
RSN PO ERR /AR OPC SERERIR &4
) OPC &l LI/l Ca (OH) 2 Ay, MIMFEME ASR
MK AR

A 20% Y SFA B 33FA BRI ASR KM T
CT fb¥% . 5FA Fl 33FA i d7E 14 REFRZIKE N 0.101
+ 0.008% F10.112 + 0.010%, £ 28 K F 43 5148 i 2|
0.231 = 0.010% #10.233 + 0.020%. TERPIFIRGY T
FA s HAb KB43R OPC l g/l ASR K, X5
VFZ i sE e R—30. EXIR T, 18 OPC &
RN FA AN EEXTRD S ASR K AR B AT 3 B 5
X5 Aydin 5 AHGE SR MATEBDR A [F—%
TR R FA R T FA 22 ] (4 28 fE X ASR 3 Jre 8 P e A
WA BN, A SFA F1 33FA FURPIRAE 14 KT
% ik %43 51 2 0.101 0.008 F1 0.112 0.010%. K Aydin
GENEERFTI, A TR FOR K DI AE 14 KT
ASR JERK 31294 0.095% FI 0.085%., W LG MHE
tH, T ASR B 5%, Ky AN BE A B A AT LAk 2D
WA AK o

Topeu &5 ANA I T —Fhid i B Al ks> ASR
KL . Ml HERT FA A1 Ca (OH) 2 Z ) Kk K
N (R FHKIEARAE B ) BB T pH (EFFEAK.
ML AFE 1, AR CaO FIE Si02 K 1l K il B F) i
BORCEEMARE (SCM ) SR RRARFL B VA R L 1) e OGS R 3%
FLBRVA VB 8 35 B VAR B 1) R B KK PT A B 1k ASR i ik
o FRACHAR . MR, Mt P R FA &/ K&
) CaO (25.2 wt.% ) A/ Si02 (33.2 wi.% ), (B
W T WK . Topeu 45 A f UL, T s
FORIREEH, FA 19 LR OB FT AR R — 48 Ak ik =2
) 8 52 M o 3K 5 SR S BB 02 13 AR L o f) 7K s
WA . B Eas, B FA sidAb kKL OPC 1)
el , BEALORPREg Ca (OH )2 Sl 1e4h,
AT KR 253550 T FE Ca (OH) 2, BB 2 FRRHK
PN AT FHPE . B4, Hong T Glasser $2Hi, A1203
A AT REXT SCM R A TR I AT EE 5

T FA PSR EE - ASR RERK (k205 R+
KA R ik, SR, BRI ASR 97 R EEF R
IRAYH OPC & A, @ H FA 1F5 opC
FIER AT ARE RSB . O T IEIX — Uik, RS (1T
R BHRAER OPC AR FA, DIUEBAZK IR & 5t
ASR K (5200

T RSP ASR P

A RS WX ASR Ik 5 1 i e) 2 [R] (06 &R
SRR, 5 CT WA, B3 H SRS Ml 33RS #1L
OPC §:3 ASR BZAKAMK., SRS WP AE 14 KIS} ASR K
FET 0.10%, F£W 20% HY SRS FEATLLKRPHAY ASR
i I A P8 DA 35 2 g KT AR B TE 7K (/T 0.10% s
SRIMT, DOZKERAYE, RS JREMEANES, T H s
JE, ERE—FEEAEL. I, ASR BZAKIIZEE RS
FIFEFH OPC 2 BEFIRAY A F

F SRS (FdnfE ) {1 #: oPC A 33RS (k40 )
f0E: OPC HREFEAREDIZ A ASR 2K, (KN SRS JikLA]
DU U 78 23 BRI HEPT 1 N NaOH IF B BRI b .
B, SRS #WhHAE 14 KA ASR BZAKEN 0.061%, 1M
33RS BPIK I ASR KRN 0.112%. RS HILNEE LR mRb
B ASRIERA EZ N R Z —. SUERIRH RS ML,
BN RS B N EPIEARME T80 S pHT R B, X R
T ECREOE R . BT RS A8 OPC 7] LA/ ASR Jig
B, e SRR PR ERAL, ik, 7edd
ASR REZEK ] RS 3820025 DI T TR SR

T FA FI RS #0311 ASR 97

SFA WPIRAE 28 RETRYIEZIK R & T SRS wb3K . 4RI,
SFA JETEHER ASR IZAK S SRS T84 10 KZRTAYH
WAL, X 2R TR FA 2818 QLK . 10
KJG, SFARP R B R A WG n, B % 28 KA ik 5]
0.231%, 1fii SRSHH 3K 1 28 K I5F 1Y) ASR i ik R 4 0.093% .
SFA WP ASR KIS IR T SRS wb3, Hh 5FA
(1) CaO HEM TIRAYIAIBLEE . 7E 33FA Fll 33RS 3871
sl DUDWEE RIS AT R, Forh 33FA 38 4 (9l S
WG KT SFA Ja i (14 K207 ). H— 7, 33FA Al
33RS I Z I ASR IZRK 22 KT SFA I SRS bz
225, B 33FA HASHLY CaO Lt SFA Hgc4m )
CaO SN H 18 HATE 4

TR RS VRGP H ASR BZAK 52 00

T ORE TR AR = T IR SR PR
REANTN AERE. T 33RS Fil SRS JEEERE MRS, F %
HABI, AR5 OPC KIL=¥I RN, FILIAR 33RS
F1 SRS Wb Z [ [R] B A a2 2 22 B T RS MRHEY
HAAEH

RS 5 [ A OB JE I ASR I Ik i EE R R, Jf
HIURAON 78 5 I B s A Rt flan, il Tk
(IVEHT, SRS 7E 14 KA1 28 KK ASR f03 KR53 5]
KET 0.177% F1 0.283% WA L, DOZERNE, ik
IERAS CT B3 ML, ASR B3 B IK IS T .
OPC it A\ 100 i % FRARE] 80% A 16 5N 1 2R



@ Universe
Scientific Publishing

Road Engineering, 2§ T #£(8)2022,4
ISSN: 2661-3514(Print); 2661-3522(0nline)

ERP T TS Si02 B Ca (OH) 2 #H5AL, Fit
ASR I E B, A, Ca (OH) 2 5% 1EE K
B SI02 AR WT & A2 I, 53 5 K5 SORSCR I ., 123
I [ R A R B 1

4 OPC {4 80% M, fin A SRS F133RS Hy b3
(b3 OPC &A% ) 19 ASR IAKZ43 318 0.177 F1
0.122%, KT CT Ab3EHY ASR IR [RIRF, ¥ RS 44
FEM 33RS $EE SRS, 7E 14 KAl 28 KA ASR § @
FEHE T 29 0.055% F10.092% FO4a X, (EARER A,
RS (33RS Fl 5RS) AR A Wkl 458 opC js /b
20% AL, FEARPHE T OPC I/ 20% #F ASR IEAKFEARE
29 0.122% (44 F33RS 1ER OPC AR ) T 0.177%
(4fdiH] SRS V2R OPC YRR ), 107 33RS 1 5RS Y1
FERCRAT ASR IEZAKAIRRARAE 14 KIS 0.055% .

it

AR A VO 5 D RIS [) 240 5 b 420 5 A QK DR X 420 S ik
FER VSIS 45 5, A5 -

LA 5 Fl 33 wi.% BRI BAAE 325 S0 Y
FA & 20% 19 OPC FEAIL T RPIE Y ASR K. 18/ AR
T FA AL OPC, A FA HI40E

2. i RS #0824t OPC i FEAK OPC ] I Ca
(OH) 2 FHRFEARADIL AT ASR EK

3. RS M HURHE FH R FEARHD R ASRIZAK i) — P %
BEAh, AR R RS A FE AR L4 AL IR RS A

4. fd FHAS R0 290 1 C P FA (16325 50 AR B3
5% F33% B ) L 20% 1 OPC, 14K iF ASR I ik [
f50% LA I 0eAh, BRI ) CaO &t (Gt
KA OPC & ) 7RIS ASR IRK 5 T Heok D AR R
B AR

BE Xk

[1]Topgu, - LI.B.; Bo “ga, A.R.; Billir, T. Alkali - silica
reactions of mortars produced by using waste glass as fine
ageregate and admixtures such as fly ash and Li2CO3. Waste
Manag. 2008, 28, 878 - 888.

[2]Aydin, S.; Karatay, C.; Baradan, B. The effect of
grinding process on mechanical properties and alkali-silica
reaction resistance of fly ash incorporated cement mortar.
Powder Technol. 2010, 197, 68 — 72.

[3]Lindgérd, J.; Andig—Cakur, O.; Fernandes, L.; Ronning,
T.F.; Thomas, M.D. Alkali - silica reactions (ASR): Literature
review on parameters influencing laboratory performance
testing. Cem. Concr. Res. 2012, 42, 223 - 243.

[4]Duchesne, J.; Bérubé, M.A. The effectiveness of
supplementary cementing materials in suppressing expansion
due to ASR: Another look at the reaction mechanisms part 1:
Concrete expansion and portlandite depletion. Cem. Concr.
Res. 1994, 24,73 - 82.

[S]Ichikawa, T. Alkali - silica reaction, pessimum effects
and pozzolanic effect. Cem. Concr. Res. 2009, 39, 716 - 726.

[6]Turanli, L.; Uzal, B.; Bektas, F. Effect of large amounts
of natural pozzolan addition on properties of blended cements.
Cem. Concr. Res. 2005, 35, 1106 - 1111.

[7Hong, S.Y.; Glasser, F.P. Alkali sorption by C-S—H
and C—A-S-H gels: Part II. Role of alumina. Cem. Concr. Res.
2002, 32, 1101 - 1111.

[8]Tangpagasit, J.; Cheerarot, R.; Jaturapitakkul, C.;
Kiattikomol, K. Packing effect and pozzolanic reaction of fly
ash in mortar. Cem. Concr. Res. 2005, 35, 1145 - 1151.

[91Jaturapitakkul, C.; Tangpagasit, J.; Songmue, S.;
Kiattikomol, K. Filler effect and pozzolanic reaction of ground
palm oil fuel ash. Constr. Build. Mater. 2011, 25, 4287 - 4293.

[10]Kroehong, W.; Sinsiri, T.; Jaturapitakkul, C. Effect
of palm oil fuel ash fineness on packing effect and pozzolanic
reaction of blended cement paste. Procedia Eng. 2011, 14,
361 - 3609.

[11]Esteves, T.C.; Rajamma, R.; Soares, D.; Silva, A.;
Ferreira, V.M.; Labrincha, J.A. Use of biomass fly ash for
mitigation of alkali-silica reaction of cement mortars. Constr.

Build. Mater. 2012, 26, 687 - 693.



