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A Study on the Properties & Application for High-Calcium Fly Ash
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Abstract

The primary purpose of this study is to investigate reusal techniques of high-calcium fly ash in
the construction field, which may contribute to the savings of construction materials and
conservating environment. Furthermore, it can setup material properties or characteristics
required for development of new materials. Firstly, chemical and physical cahracteristics of
high-calcium fly ash is analysed. And then, the usability of the concrete is tested by
investigating the flowablility and strength development through parameters of various replace-
ment ratios with respect to different mixing conditions. Finally, the durability and rmechanical
properties(elastic modulus) of the concrete is tested.

As the result of the study, the following conclusions are derived : (1) the quantity of the CaO
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in the fly ash is relatively high based on the chemical analysis, (2) the compressive strength

ratio of the mortar is satisfied with the specification, but the unit water ratio increased, (3) high

strength concrete of more than 400kg /cm® can be developed in the ranges of FA 30%, W /B

40%, (5) the slump loss with the elapsed time due to the delivery is decreased as the replace-

ment ratio of the fly ash is increased, (6) the modulus of the elasticity is matched with the

specification of the Architectural Institute of Korea.

Keywords : high-calcium fly ash, replacement ratio, mixing conditions, elapsed time, elastic

modulus, strength development, durability
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Table 1 Properties of cement(type 1)

C i t th
Blaine | Specific | Soundness ompressive S,) reng
(cm?/g)| gravity (%) ke /cm:)
3D 7D | 28D
3.031 3.15 0.4 180 278 | 381
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Table 2 Properties of aggregates 2.2.2 Lalo|o # o] 81& A BEA

= o
Types Fine Coarse bR R | DS AR ks Zabolof et A7
Specific gravity 2.60 2.67 & Zajolo slaba MO HAIsl 2] gl
FM. 2 47 6 42 =t ’]’ ] H 1’}] ] §}"}' Rl et = A TRt B E_‘L}“ TS
Abrasion(%) - 22.0 Table 42} 7t}
Absorption (%) 1.24 (.81
Unit weight (kg /m?) 1,55(). ) 1,540 Table 4 Chemical properties of Fly ash
Chemical l‘
ingrediant | $10, | ALO, IFe,0,| Ca0 | MgO|Na,0 | K,0 | SO,
AT A Sl A Aldky = gl Types 5
D _90)8- f.x - High-calci 0.4 5 8.
Al DAREX SUPER-20& AF-&-383ivt, igh-calcium| 0.4 15.2 | 812 %51 1191 0.29 | 0.815.17
fly ash(1) 63.72
e . High calcium | 39.2 | 15.4 | 8.69 o7 1o -
2.2 DZts E21o|of4 EA fly ash(2) §399 26.711.26 | 0.37 1 0.68 | 6.60
High calcium | 45.8 | 158 | 10.6 _
. — 1821 1.12 1 0.31 1 0.83{5.84
221 Aur4A] 9 arayak fly ash(3) 72.20 i
g4 Ayt wAMNE fAE §5% Lﬁw'“’]‘i‘f;“ bz‘gff;l"fj 20 s 133 | 0.27 085 o
. T y ash 91.5
Z Airndeel B4en vl @ gE g4 Low-calcium | 54.1 | 27.5 [ 7.6 366 105 052 - lois
HI 2 pAd sl o] 9lon, Eatolol4 7t A= fly ash(2) 89 et haal -
Aral W 2 Table 334 2t} KS L 5405 Mir. 70 - Max. Max. | Max
(equa to JIS) P50 015 5.0
, 4 ASTM C 618 Mit. 50 ‘ ‘Max,  Max.
& 2 16, ¢ - - . )
Table 3 Production and burning method (C class) 3 | 15 50
Burning method Production
(ton /year)
Flowing T Coal Fly Bottom ) -
medium ermperature Size Ash Ash Table 40l A} B 3o] 1k EglololHdv= X &
o w24 sgglo] o aleko| z] ZH4F
Sand | 800~9507 b’rzm 35,000 | 4,000 b #91 Si0, % ALOsel Fel A
e Zebolof 41 (K& 2h) ¢k KS L 54059] it R Bt
S}, Ca09 e A4 A2} olgg 2
] “‘E“éx”“‘i Hel#je] A E fFEviA M= Fig, 19] Xod @824 9fol A 1 3%0] 810)
(sand) 9} AEE REAT= ALR, ojuf 43 W CaO9] ¥agist w4 vyehte sez &
48 slstel D& Fel BAHE SO wE A7 Fap
CaSO/E BAAA A Ash: Bagaieg w Augor Fi Heloldi SO @
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. - . 3004
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Fig. 1 Analysis of X-ray fluorescent
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Table 5 Physical properties of fly ash
P ties Moist
roperties Specitic ‘ Blaine orsture Loss on
avity ‘(cm" ‘g) content ignition
Té 2/ ‘
Types £ Tl Gy
High calcium ' ) R
L2224 3.040 0.52 7.89
fly ash (1) |
High calc ‘
X S T SOt 5.16
~ fly ash (2) i —
High-calcium | )14 017 : 0.91 -
7 flyﬁasb(ﬂ) | . o LK i B O
Low-calcium ;
2.15 3.200 0.14 3.91
fly ash (7} L e o
Low caleium | 20 4200 012 5.49
fly ash (2) ’ ) ’ >
KS L 5405 Min, Min, Max. Max.
Fclass) 195" 1 24000 | L0 6.0%
.Retained A7k ngfolofl gle] A AMlEre] oAy
ASTM C6l8 | e:;“e Max. | Max. Py Seelolslel g Hkel F
(C class) AZ“ M50 6% LO00~1500C 4rit &-&depol A efofol 4
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Table 6 Conditions of mixing design

e f L"nit i Re;)}acemofnt P l Target
(%) (%) Water | ratio of FA %) { slump
‘- < 7t
! “ kg /my | (Cx % ) ' (cm)

40,45 41 | 175 | 0,103,550 [08~2.0] 18%2

* B : Binder material(cement+fly ash)
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Table 7 Mixing conditions of concrete
W:/B S/a
75peumen~ (741 (%)

91}1} weight (kg ‘m’}

‘}{;28 1m dp_
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Table 8 Properties of mortar
T
Unit weight{g) | Flow

Strength gWater
ratio(%) | ratio
s et ()
Codes C S FA 7d 2 (%)

_Lodes - ’ 113 | 105

High Cal|382.5/ 1,250 | 127.5| 14.8 | 85 |
-crum l*A >>>>
Low (,dl 3825 1,250 1127.51 15.0 | 75 95 98
cium FA

KS ) min, | max.
510 | 1,250 | 247* | +5mm| — .
~ Code |60 102
* Water weight (by Code)

REEE SA44Y dah udg Feholoh4rt

dEwEe] & Ao v

T Aol AL Al E S {4}

CaOO] oo e sk A

of, #4¢ ZEEAE vebd Ao Atugch
ey, FUs B2 (£5mm) E ke ©

el g FetoldlArn dutxes

218 8 -

RURE )
W)
£ ooy
o Mg
ar &
L2
o
ﬁl}ljl
»l}_{:
mL‘
““‘o

159



32 =X 23 E &4

)«

...u

i

3.2.1 <2

w/oagAElel i Sl w ol He
vbiz Table 9¢} rel

wrefelef s Alghgol S7be 5 MR <
(18+2cm) 5 grwstr] 91 nAds Feae
shikol S7bakal o, ofel wpi: FILel o] it
W e BEEe] Ao, e
YRR S Jh AR 4 ols Ao r ARk

H5h Fefolol sl A ghgo

]
S Ar) ko] Z7hsl A3

1

o
fxl

El

Uw

.‘117]

e

o
A FAve] @ g vedehs A sl

Table 3 Properties of fresh concrete

T

P t
o W/B|S/a| S.P. Sroperties
Specimens | “ o Slump " Air content
(%) | (%) (Cx%) "
o B B ((.m) - (/))/7
FA40- 0 Fo.f; 17.0 1.4
FA 4010 Lo0.9 17.5 1.1
10 b2
FA4030_| LT 185 09
CFA4050 | g L LB 200 |09
FA45 0 B IS VT A - T W R
5 ) 190 . 14
7 L5 . 240 |12
) | 20 [ 210 | 1O
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Table 10 Properties of elasped time

{Properties Fla:.ped tlme(mm )
Speumens} o . o
(cm) 0 1 30 [ 45 060 75 80
T stump w17 B
7Ff} 49 7()7 i Flow | 35 j 27i
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Taple 11 Properties of strength

. Compressive
W/B|S/a L
Specimens (@ (2,) | strength(kg /cm?)
o v " T 7T7777 T
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_FA40 0 | 409 0 L w3
FA-40-10 : 33
Fad N 40 S
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FA45 0 8
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; —— 45 - S
FA 45 30 by
FA 45-50 67
smepolof 4l A &G0l b Lo /fn §1F
FEv] = A H %‘—Hl, ol Eelolef 4 o] 2

elojr}7] whitol 2717

= wralo] x| ghal) ere Eiiel ol ula) B

2} 4 9l
Zopolof o] M FFo] whit APA Freta




700

Compressive strengih(kq/cm2)

0 H i : H H
FAQ FA10 FA30 FASO FA O FA10 FA3Q FASO
Replacenient ratio of FA (%)

Fig. 4 Strength development by replacement ratio of FA
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Table 13 Mechanical properties

! R Young's | Spec. of
Specimens Strength(kg /cm?) modulus | ALK
Comp. | Split. . Flex. (X 10°%kg /cm?)
FA40- 0 | 431 | 37 | 69 315 | 308
FA-40-10 | 482 40 62 333 1 326
FA-40-30 370 34 61 2.96 2.86
_FA-40-50 344 31 46 2.88 2.75
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