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ABSTRACT

Use of cement clinker for aggregate in cement is being investigated as one of the clinker
applications under development. In this study, delayed ettringite formation (DEF) was
studied for durability evaluation of the mortars using clinker fine aggregate. Furthermore,
effectiveness of addition of fly ash (FA) was evaluated as a means to control DEF. The results
showed that the mortar containing clinker fine aggregate, with or without the FA addition,
had no expansion that could be attributed to DEF even at 484 days of age, indicating a high
DEF resistance of the mortar. This was attributed to the use of clinker fine aggregate
which made the mortar highly resistant to mass transfer, as well as to the fact that the pH

in the mortar was kept high by the alkali supplied into the liquid phase from the clinker fine

aggregate.

Keywords : Cement clinker, Fine aggregate, mortar, Fly ash, Delayed Ettringite

Formation (DEF)
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7 wvva (FA) &#ZEREG LTI-5E ORI EE
ZEIB L OFA & CL OfFHIC L D FREFRBIEIZ OV
TbHLBEf L.

2. EBRME

2.1 {ERAME

KIFZETIE, fEEME L TEEAL R Rk A
>~ (OPC, %) :3.16g/cw®, 7 L — LR
3120cm?/g) %, BAM ELTT7 747 v o (FA,
BRPE :2.37g/cem®, 7 L— U EHLFRIEAE  5190cm?/g) &
ERA L7=. fEH L7= OPC B LN FA DL/ &
Table 1iZ/R7. 7=, fMFHE L TEEAL NT
Y ReAU NI U H— (CL, MEHEEE @ 2. T2g/cm’,
WK 4. 24%) , AR ARERS (LS, Hawzis fE 2. 58
g/cm®, WK 1,85 %) 3B LU A > b id X kR A
R (SS, MERLHEEE 2. 64g/cm’, We/KFE:0.42 %), %
fFH L. CLEB LS ik %z Table 212,
CL O XHREIHT U — R UL MEHTIZ L0 KD 7= Frimfi
f%% Table 3|2 /R34 . MIBEHMD 5> H CLELOLS I,
EERSAT A —EICT 5= Table 4 127k LT RIESY
725 X RG22 V25D WA T X 0 FiEk
L7z, —7, SSIZoWTITHiRMZFDOEEHHL
TR REEFREIIIT-> TRV, KFFETIE, EfE
FREERRER & DEF I9ERBR O 2 O ERA1T-> TV

DM, SSIXZ D 9 B DEF EiRRERICOAEH LT
% . DEF fakallRic SS #ff L7= B & LTI, CL
Dl ktg & U7- LS 2% DEF ICHE K3 5 R 4 (R ik
THAREMEAER IS TREY 7, SS bEtefkia 22
B LD DEF BAEDOREZ KT 5720 TH H.

2.2 ELZIILDESE

ENHNVOKEEL L OEE % Table 5 12779, K
WAL, AR A EEOIRICERT L. T
bbb, BlZIE, MEAMIC SS 24 Uik &k 2 oPC
DIHDOHERARIL TSS-0PC) & FKFLL, OPCIZKILT
FA Z RFEHAR C 30% EHe L 7= /5 G 2 L7 BR
DIKHEX X [SS-FA30] &KL LTV 5. FA DEHR
1%, 30%& 60%%FF%E L=, KfEAate (WB) 120.5
L L, MIEMEREAM DO (S/B) IXHIEMIC SS &
FAWESEAEDH 3.0 L L, LS & CL Z#HWEEeT
1£2.25 & L7=.

ZAUTHN AT, DEF ORIz TiX, DEF %
e+ 2 BT, RileA 4 E LR Y U 7 L
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Table.1 Chemical Composition of Binder

(FEE#MDILFHE)
. Chemical Composition (mass%)
Bineder
SiO2 ALOs Fe 03 CaO MgO SO Naz0 K20 TiO2 P20s MnO
OPC 20.96 4.93 3.08 64.18 0.9 1.97 0.32 0.34 0.31 0.49 0.08
FA 65.81 25.6 2.07 0.74 0.43 0.04 0.31 0.95 1.3 0.26 0.01
Table.2 Mineral Composition of CL
(CL > FEP#E RL)
Mineral Composition (%)
C3S C28 C3A C4AF MgO f.CaO
58.24 20.59 15T 13.29 0.27 0.03
Table.3 Chemical Composition of CL and LS
(CL & LS DAeZE#ARK)
Fine Chemical Composition (%)
aggregate ig.loss Si0s AbLO; Fe:03 CaO S50: Na:O K20 MgO TiO2 P20s MnO
CL 0.61 21.72 5.99 3.25 64.78 1.43 0.45 0.30 0.36 0.35 0.55 0.08
LS 43.60 0.13 0.14 0.11 54.87 0.61 0.00 0.00 0.02 0.02 0.02 0.00
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Table.4 Particle Distribution of CL and LS
(CL & LS mHIE 57 %n)

A% 10 BRI L7214, $920°C £ THRGAI S B 7=,
F LT, fTiAHADN S 24 BEEREZ I L, 20°Clc
FE LT EIREN TR A A i L=,

Mass
Nominal sieve spread | fraction
(%) 2.4 EBRAE
Passed | Residual Fine ) JERETREERBRIE, Al 1, 3‘, TBXO28 HELE
aggregate FRERTIEIX, JIS R 5201 (CHEHLL, EAinRaEE,
475 mm | 2.36 mm 10 40 X 40 X 160 mm DA FEHLEARE 2 DI Y L 7= 1 5
2.36 mm | 1.18 mm 25 DY & UERERERBR AT o 72, &KHEIZD
1.18mm | 600 £ m o5 X, 3AROHFKIZ X - THIE X7z 6 DO EHEIHR
600 Lm | 300 1 m p ﬁ®¥ﬁﬁ%fﬁﬁ@%ﬁéE%ﬁ§kbf%my
7o 7ok, JEAMRTRERERIE, MEME LTLS BID
300 um | 150 pm 15 CL 2 L7z aicomFEM L, SS 2 MM L%
JV B VTR ERL L TR,
Table.5 Mix Proportion of Mortar
(BLAIILDEE)
Unit amount (kg/m3)
Symbol wW/B SB W B S
C FA LS CL SS
SS-OPC 257 513 0 0 0 1533
SS-FA30 3 257 359 116 0 0 1533
SS-FA60 257 205 232 0 0 1533
LS-OPC 299 597 0 1320 0 0
LS-FA30 0.5 299 418 135 1320 0 0
LS-FAG0 299 239 270 1320 0 0
CL-OPC 22 299 597 0 0 1392 0
CL-FA30 299 418 135 0 1392 0
CL-FA60 299 239 270 0 1392 0
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N K DAKFME IR & BRI AT - T2k, TARF
IR LR L L7 b O 2 SEE £ TITo728 0
ThD. ZIUIX LT, I—RrEBEZIToT-14,
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DEF iEaRBRICB T 2L ZLOE SHIEE, B
RIEER X O% i 14, 28, 56, 91, 119, 147, 182 H
AT o 72, BMimZRaE Ltk >N T, <A
I A= EHNCEALZLVOESEZRE L.
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T D8 MimOE S B aglEE L LTRE L.
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XEBRER
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Fig. 1 Change in compressive strength
over time
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Fig.2 Backscattered electron image of hardened mortar
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Fig.3 DEF expiation ratio test results
(All specimen)
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Fig.4 DEF expiation ratio test results
(Expansion ratio<0.1%)
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(a) LS-OPC

(b) CL-OPC

Fig. 5 Sample appearance after the DEF expansion ratio test(Age: 484day)
(DEF fzaRatER 1% D HEER R 41 R (#41m 484 B))

PLED L 51T, AWFEIZEWT, FAZHEH LA
Th CL 2 L7234 12 DEF iEZ M L7 A
=& LT, CL OKFNTEE S AR AR Oz
Xy wERBEREERAE L2 8, BXOY, CL
MO ENDT A B VICLVZNO pH K T4
Ut =N HA MO IRERDEL R o722
L, ODTENEBEZLNTZ. LM LARNRG, BIREST
ISR OIKIZE - TEY, VRECHITTCEHICE
HEIC O 0 RO R A BIE L TS BER H
HEEZHND. £z, DEF [CEKT 2EEITE »

HPDBEEIID > THEITT 5 2 L6 TN DS,

-O-CL-OH- {FLS-OH-

45
40
35
30
25
20
15
10

immmersed in saturated
calcium hydroxide solution

Concentration of OH-(mmol/L)

0 50 100 150 200
Age (days)

Fig.6 Changes in the amount of OH- leached
from each fine aggregate over time
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