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ABSTRACT

Cement paste, mortar or concrete specimens, substituting the content of Portland cement with fly ash up to 50 wt%, were prepared
to investigate the effect of fly ash on the temperature, free lime content and strength etc. of mortar/concrete. Being compared with the
concrete made of ordinary Portland cement, temperature increment of the concrete containing 50 wt% fly ash reduced, according to
appropriate conversion formular, to about 45% at the 7 days curing time: the temperature increment of the former amounted to 33.4°C,
while that of the latter only to 18.7°C. On the other hand, it is better to control the content of fly ash in the cement that is used for
reinforced concrete not to exceed 30 wt%. In this study, more than 28 days curing time is necessary in order that the strength of
concrete made of fly ash cement will be higher than that of pure Portland cement. In addition, 28-days concrete strength higher than
360 kg/cm2 could be easily achieved even with 50 wt% fly ash cement.
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Table 1. Chemical Composition and Physical Property of Raw Materials
Raw Chemical composition s Density
i b 2) 2 7
Mat. Ca0 Si0,  ALO; MgO Fe,0O; R0 SOs Ig.loss Total (em’/g) (g/em?)
FA 2.64 55.96 22.32 1.94 6.03 5.02 - 4.62 99.03 4550 2.39
OPC 62.66 20.04 5.71 1.72 2.68 1.13 2.54 2.74 99.22 4530 3.17
PNa,0 + K,0
Mgnition loss at 1000°C
3)Speciﬁc surface area according Blaine value (KS L 5106)
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Fig. 1. DTA (a) and XRD (b) diagram of the fly ash.
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Fig. 3. Hydration heat of binders containing different amount
of fly ash.
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Fig. 4. Free CaO contain available in the Portland cement-fly

ash binder.

1. available CaO, 2. CaO exhausted through Pozzolanic
reaction, and 3. CaO for corrosion protection.
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Fig. 5. Free CaO content of mortars containing different
amount of fly ash.
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Fig. 6. Relative behavior of pastes containing different amount
of fly ash.
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Fig. 7. Rheological behavior of pastes containing different

amount of fly ash.
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Fig. 9. Compressive strength of concretes as a function of the
W/P (Water-to-Portland cement) value and of the F/
B (Fly ash-to-Binder) fraction.
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Table 2. The Composition Modules and Strength of Concrete Mix

3 3 3 S (kgfem®)”
Sample P (kg/m’) F (kg/m’) W (/m7) F/B (=P+F) w/P W/B > 23
1 170 190 175 0.53 1.03 0.49 80.2 289.6
2 200 160 180 0.44 0.90 0.50 105.2 310.3
3 230 130 170 0.36 0.74 047 168.4 391.7

l)Compressive strength after 2 and 28 days curing in 22°C water, respectively

AR 831



olER SEEa E2le] ofHe] ZE S0 sl 707

100

<

£

g 80 |

o

k7

("2

w0

14

[=%

£

8

o 60t}

2

b

5]

o - =0—  10%-FA
—D0— 25%.FA
—t— 50%-FA

40 -
0 10 20 30

Curing time (days)

Fig. 10. Relative compressive strength of concretes as a function
of F/B and the curing time at the same consistence.

0.07
0%-FA

50%-FA

@)

0.06 r

0.05

-r

0.04
0.03 |

0.02

dv/dr {(ml/g-nm)x10%

0.01

1 10 100 1000 10000

Pore radius (nm)
0.1

0%-FA
50%-FA

(b)

0.08

0.06

0.04

dv/dr {{ml/g-nm)x10?%}

0.02 L

1 10 100 1000
Pore radius (nm)

Fig. 11. Pore volume distribution curve of specimens cured
28 days (a) and 6 months (b), respectively.

1b- Z2agE J 29 4540 YAJNEE WICE %

451913, 289U 7= 350 kg/em’e] ANt EAYE wjFS
A}%o}&l *&%(22 C)oﬂH AT FAYE PrE E
gho] off ¢ o] BEFE AN A7) o] AT
E I zlol= HA Atz ok ey ol=10%

1) ASE Y 28U &5 FEA= AWMES] HEE
ZHsA = Xk

Fig. 112 W/C=0.608] ZZEol o Ezto] o4 <]
Fol 7lFrzd viRlE FFE BHAFe 2 A
717+ 289 A= Egho] N FH(50 wi%) oJ3tel] A
I glo) A T4 BEE YeRA, A 717ko]
A 7hE Zeto] A E TR EEEHE 5% TE
T AWE 228 2o uHgk 7|FES ol AUA
. Fig. 11(0)yE BH, Z&o] AHE 50 wn T3
He ZAShEE v 0.1~ lum A7)y 71FE°] A9
Xé E2 Xgg vAt2E et 232 EV} A
1l g;].b’b(% =) A o] 1:!,(1]_,4. NE2es 23 g2

4 olFoz Qstr] wioll, Eto] fH=E "rds
g Al Adste FaYE] WY AHdd

o]
ME vj¢ F8% & eThi Alg T

n froEe [ .
m[o

N
N
rhu

ol
H
g
oX
A
iz
y 2
o X
il
¢ au
3
2
A
2, lo
i
4 W
SE
ﬂi’L’
m(o

_]
50 wt%7HA] =3 ao] 7Ve3sitt. 30°C 9— 6}011/\1 g
XA 28U ZEE 336 kg/em®

o]t}

2. A3 AFEA, & H2R29 SN
E o, o] @ AgFoF =3 A3} Eto) g4
2 30 wt%7HA) 7} H}%“i st Ao B AtsET BE o] Y4
2 Egjo] o] Mgy, &Y 8 S v
=

3. Bejo] of41e] PHo] UERNE bearing'(2H4)E
REEnte £asEd4 98 E3golt
4. FBITO] AV|RTSE GA Fbe] Fejo] o4

Flf

o ¥ wreow ZamE nATRE 277 2o
2 7)FTEE WstEe] itk &, 2 H(capillary) 5
Aol FxoA sub-capillarye] XFT2E YEMA =t

REFERENCES

1. T. H. Ahn, K. B. Shim, Y. T. Kim, and S. H. Choi, “Char-
acteristics and Hydration of the Modified Belite Cement
Blended Fly Ash,” J. Kor. Ceram. Soc., 37 [10] 949-54
(2000).

2. KS L 5211, “Portland Fly-ash Cement,” Edited in Oct. 1997.

3. P-K. Chang and C.-H. Yoon, “A Study on the Lime Reac-
tivity of Concrete Admixtures,” J. Kor. Ceram. Soc., 39 [5]
452-59 (2002).

4. KS F 4009, “Ready-mixed Concrete,” Edited in Nov. 1999.

5. DIN EN 450, “Fly Ash for Concrete - Definitions, Demands
and Quality Control(in Ger.),” Edited in Jan. 1995.

Al 407 A 7Z(2003)



708

9.

A7) - e

. DAfStb-Richtlinie, “Use of Fly Ash according to DIN EN

450 in Concrete Building(in Ger.),” Edited in Sept. 1996.

. D.S. Kim, H. H. Chung, B. B. Park, and J. S. Rho, “Fluidity

Changes of Cement Paste Added Superplasticizer and Inor-
ganic Fine Powders for Cement Admixture,” J. Kor. Ceram.
Soc., 37 [8] 751-59 (2000).

. K.-H. Kim, J.-J. Choi, and Y.-W. Choi, “Improvement of

Properties of High Strength Concrete Using Fly Ash and
Gypsum,” J. Kor. Conc. Inst., 11 [5] 99-105 (1999).
W. Manns, “Joint Use of Silica Fume and Fly Ash as Con-

SR EEEER

12.

crete Admixture(in Ger.),” Beton, 47 [12] 716-20 (1997).

. S. H. Lee, E. Sakai, M. Daimon, and K. B. Bang, “Char-

acterization of Fly Ash Directly Collected from Electrostatic
Precipitator,” Cem. Con. Res., 29 1791-97 (1999).

. P. Schiefl and R. Hirdl, “Fly Ash in Concrete - A Study on

the Effect and Additivity(in Ger.),” Beton, 43 {11} 576-80
and [12] 644-48 (1993).

H.-K. Lee, J.-Y. Im, K.-M. Lee, and B.-G. Kim, “Autog-
enous Shrinkage of High Performance Concrete Containing
Fly Ash(in Kor.),” J. Kor. Con. Inst. 14 [2] 249-56 (2002).



