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ABSTRACT

This paper investigated how Fine Fly Ash (FFA) with 14,000 sz/g of Fineness affects the micro structure and material properties
of High-Performance Concrete (HPC) before and after hardening from Material Test of HPC and Cement Paste. FFA is applied as
a substitute of Silica Fume which is used necessarily in producing HPC. As a Material Test results, 5% FFA series specimen shows

- the lower fluidity than SF series specimen. When, however, the Fluidity of 10% FFA series specimen is increased reversely to the
similar value of SF series specimen. The Porosity of FFA series specimen of 3 day age is displayed to 21~24%, which is higher than
19~20% porosity of SF series specimen, while that of 28 day age is reached to 8~9%, which is improved compared with 10% fo
SF series specimen, It can be thought that FFA has better influence on the porosity of HPC in case of long term age. The Compressive
strength of FFA series specimen shows the similar result with the property of porosity. The compressive strength of 28 day age FFA
series specimen is 98~106% of SF series specimen and 107% of plain specimen to reveal better strength development.

Key words : High-Performance Concrete, Fine Fly Ash, Silica Fume, Porosity

1. M =2

19471 2 =& olnle) Eag ey} AwE o
AEE YEAQ FRAREZA F2E AY
2 AHgEo] ghow, &l:“ﬂb 71E ZIYE ©
Bosly ot 753 ZEE gr)doz2 QAR

A4

o
)

uZi
+H R oo ol i

ol

D}Héfﬂz}i%}
i}XHEﬂ AHEEI 3leH olF
SR At d2jFh Fo
Ao AREY ot 2y APt F2 Ldwkel
EA st vlmatd wj¢ wrte] EAEEAN I
TaEE AL TR 22FM F5E ML
A2 RAoez oﬂ/\l-;]o-] _li\:}. AR A I FEAHNES
Metste] H3star A e o &3}

=

L
<k

o)
M

1-Corresponding author : Sang-Kyu Kim
E-mail : skkim@jugong.co.kr
Tel : +82-31-738-4688 Fax : +82-31-738-4612

-502—

Aoz o gteok & A
b B =FoA=
o Z ARSI e AUt AE7t &
stk BAMEE At &4A
*Pg«l Aoz 83 AN ZIYES] A =7} 7

o EolfA S B 7HEe D ZEolfA(#
s 14000cm 1S AAReAt. aga 1A TEIRE
o Az A A7t F A AEEAN LEL Fgtoldf

o2 gHE,

é%*ELFJE«l Azl 44
< AT EAZE,
T8 F 9o 4t

__,

Ao &8l o 712AEE AlFsr] Ast] 1e
EdtolofME 2o 3EA ZAABARE, FAKW,
TE), BSIE o] & dAo|2ES} ZAEE Aol
2EY EFeloloirrt I EAYEY w2} A5
A-F 240 nAe 9Fe B

2. dEAIE 2 YUY

21 HEAE

TRFEAYEY Az A 9 o&FT Ye A7t
Fo tAANZZA Sefolojalel HE4e B}
s17] giate] RS EejolofAl7t 2t %, 10% HAE A

LN

2 a3
_]__*1—?—3]_' =3



e ES] Az

Table 1. Design of Experiment
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Mix plan (wt %)

Factor Levels” Testing items
OoPC BS FA SF FFA  W/B(%)
OPC-100 100 - - - - Air contents
Plain 60 25 15 - - Concrete  Fluidity(Slump-flow)
SF-5 55 75 15 5 - Compressive strength
Admixture SF-10 50 25 15 10 - 23.5 Hydration materials(XRD)
FFA-5 55 25 15 . 5 Cement Hydra}tion degree(DT-TGA)
paste Po'r051ty structure(MIP)
FFA-10 50 25 15 - 10 Micro structure(SEM)
Micro hydration heat(TCC)
% BS:blastfurnaceslag, FA:Flyash, SF:Silicafume, FFA :Fineflyash (blaine 14,000 cmz/g)
Table 2. The Chemical Component of Materials (wt %)
Blaine (cmz/g) Si0, Al O, Fe,04 Ca0 MgO SO; Na,O K,O TiO, Ig.loss
OPC 3,344 21.6 5.2 3.6 62.78 2.7 2.4 - 0.8 - 0.90
BS 4,400 34.8 17.5 0.6 424 31 0.03 - - - 0.02
FA 3,400 59.5 25.4 5.8 3.7 0.7 - 04 1.1 1.6 1.60
SF 200,000 98.5 0.3 0.1 0.5 0.1 0.1 0.1 - - 0.70
FFA 14,000 53.1 17.4 16.0 64 0.8 0.2 0.2 1.5 - 6.46
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Fig. 1. SEM of raw materials.
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Fluidity of fresh concrete according to binder types
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Fig. 2. Fluidity of fresh concrete.
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Table 3. Total Hydration Heat for 7 Day

Specimen OPC Plain SF5 SF10 FFAS FFA1Q
Hydration heat 311 Ho7 49 214 221 236
(Jg)
1.5
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=]
;8;0_9- —&— FFA5 —#~ FFA 10
®
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Time(h)

Fig. 3. Hydration heat according to time.
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Fig. 6. DT-TGA curve at the 28day curing.
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Table 4. Results of Gravimetric Thermal Analysis of Cement
Pastes after 3, 28 Days Curing

Weight loss (%)

Composition of blend

(Wt %) age 100-  400-  480- Ca(OH),
¥ (day) 420°C 480°C 1000°C wt (%)
3 5.6 2.6 1.7 10.5
OPC
28 8.4 3.6 21 14.9
. 3 59 1.9 2.8 7.9
Plain
28 84 2.0 1.8 83
s 3 5.8 1.6 1.7 6.5
SF 28 10.6 22 2.0 92
10 3 5.8 1.4 22 5.6
28 6.6 1.3 2.0 5.5
5 3 5.8 1.7 32 7.0
28 8.0 1.7 1.8 6.9
FFA
10 3 5.5 1.6 3.1 6.7
28 8.9 1.8 3.0 72
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Table 5. Results of Porosimetry of Cement Pastes after 3, 28
Days Curing

Composition of blend

Porosity  Total pore Median pore

(wt %) age (%) vol (mL/g) Diameter (nm)
(day)
Plai 3 19.8 0.0983 39.8
ain
28 10.4 0.0494 45
s 19.5 0.1011 283
SF 28 9.9 0.0488 44
10 19.2 0.1072 19.3
28 10.2 0.0500 45
5 21.3 0.1115 29.1
28 9.0 0.0433 44
FFA
10 23.1 0.1227 29.5
28 8.1 0.0391 42
25
l
20 ¢ \ g e age’
E‘ T
8
5 10 +\.\.
a A4
5 \ ~o- 3day -o-7day -8-28day |7
0 . . . .
Plain SF5 SF10 FFAS FFA10

Fig. 7. Porosity of cement paste according to the age.
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