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Properties of Strength Development of Concrete at Early Age Using High Fineness

Cement and Fly Ash
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Abstract: Cement industries are considered key industries for reducing carbon emissions, and efforts are off the ground to reduce the use of cement
in the concrete sector. As a part of this effort, research is off the ground to utilize a large amount of industrial by-products that can be used as a substitute
for a part of cement. Concrete using industrial by-products has advantages such as durability, environment friendliness and economical efficiency, but
there are problems such as retarding and early-age strength deterioration. Therefore, this study aimed to reduce the use of cement and solve the problem

of early-age strength deterioration while using fly ash, which is an industrial by-product. Accordingly, it was confirmed that the strength was improved

at all ages irrespective of curing temperature by accelerating the hydration reaction by using high fineness cement. Subsequently, high fineness cement

was partially replaced with fly ash and the strength development characteristics were examined. As a result, it was possible to exhibit strength equal
to or higher than ordinary portland cement even at the early age. Also, it was confirmed that even when the fly ash is replaced by 30%, it is possible
to shorten the time for dismantling the forms of vertical and horizontal members.
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Table 1 Experimental design of concrete using high fineness cement

Factors Levels
Mixture Cement type N, HF
Curing Temperature 10, 15, 20°C
Fresh Slump(mm) 180£25
. concrete Air content(%) 4.5+1.5
Experiment
Hardened

concrete Compressive strength 1,2, 3, 7, 28 day

* N : Normal portland cement
* HF : High Fineness cement

Table 2 Test Methods and standards of test items

Test item Test method and standard
Slump KS F 2402
Air content KS F 2421
Compressive strength KS F 2405
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Photo 1 Visual of slump and test specimens

Table 3 Mix proportion of concrete using high fineness cement

Unit weight(kg/m®)
Mixture  w/c C
W ——  FAs CAs AD
N HF
N320 51.6 165 320 - 868 928 2.24
HF320 51.6 165 - 320 868 928 2.24

*w/c . Water-cement ratio, W : Water, C : Cement, FAs : Fine
aggregates, CAs : Coarse aggregates, AD : Chemical admixture
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Fig. 1 Slump and air content

J. Korea Inst. Struct. Maint. Insp. 155



ol Y3 T} o] A E AMEEHH, Sz o]
=2 yehd 4= Qo ulgts] 12U s A EES AR8-3) vl ghe]
5 27] 40| & AL 1Tt FTPCE A3, 15
RS XEUE AP EC = EPCE AMSSHATE 127 BE
Hjgo|A] B &= 9 Zr]go 2 HA3 180+25 mmS}
4.5+1.5%5 W= 23S JERYI T

Table 4 Compressive strength by cement type and curing temperature
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. Age(days
Mixture Tempoe rature ge(days)
0 1 2 3 7 28
10 3.2 MPa 5.8 MPa 10.8 MPa 17.5 MPa 21.4 MPa
N320 15 3.8 MPa 9.4 MPa 13.4 MPa 18.7 MPa 23.8 MPa
20 8.1 MPa 11.4 MPa 14.2 MPa 20.0 MPa 24.7 MPa
10 6.1 MPa 15.3 MPa 17.8 MPa 29.5 MPa 35.3 MPa
HF320 15 12.7 MPa 16.5 MPa 20.4 MPa 31.1 MPa 35.8 MPa
20 17.1 MPa 21.7 MPa 23.0 MPa 33.3 MPa 36.2 MPa
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Fig. 2 Properties of compressive strength by cement type and curing temperature

Table 5 Demolition time of form

Member

Compressive strength of concrete(f,, )

Side of foundation, beam, column etc.

5 MPa or more

Single layer structure
Bottom of slab and beam,

More than 2/3 times the standard compressive strength of design
or at least 14 MPa or more

inside arch

Multilayer structure

Standard compressive strength or more (In case of using filler support structure, it can
be shortened by structural calculation, and the minimum strength is 14 MPa or more

SPESTCHR X2 558 =27 M 223 H 22 (2018. 3)



oA 60% ©17d “dsdh= A= UERAATE 18] Al Table
5ol Yehd A3 o] =2 7A S AFH siA A8 ==
5 MPaolH, =54 D AFY siA] £287F 5+ 14 MPa
o]t Ministry of Land, Infrastructure and Transport, 2016). @}
ZhA Aol gk A= S55 24 Bl o) s
HokE o 5 MPas 3] o= Ay B s e Ao e
S ARNEEZ 204 ZE B TERE AHEEZ 41402 4F
Z5o] 2070 TAAIREO] 21 A1E

45N 7 HE TEHC AHEES AFRS H-¢= 11847102
2FEE0] 287 = TE AT o] 73417 T = A 0.2 e}
st

Fig. 2(b)2] YA 15°C2] 79, LELE AHES A}
£3F Aol B TEWE AWMEES AMSS H¢HT 5
= ol A 190A 230% Asshe 23S YeEgle
o, AT 2N A= 75%, AT 3,7 L 28N A 50% o
ot A9 YERATE =5 UA 9} T o= A
Al Bk o, A 5A] S AFH A 2873511 5 MPa

S 35k e TETE AHMES ARSSH 9ol A5 10
AZL B TEWRE ARIEES ARS-3F 7 9ol A5 27A1 0.2
2FEE o] 297k % TEATE] 17417 DS & A o2 Ve
ok BEg g A WA A S 42873581 14 MPaE
S5k Ao LELE ARIEES ARS-SF 7%l A3 32413E,
HE XEWNT AHEE ARSSH 90l AE 83Ae 2 4k
o 28705 WA SIAIRE BEE = A 02 YERsith

2 sl Beks o A RA S AF
14 2871521 5 MPas A3 sh= 7% AEIT A

b1
s
i

3

| y
>
op
e
o
o
rlr
2
oft
~
>
[
f
offt
B o
il
=
Iy
>
=
> |
i
>

o
o
ol
—o
rr
2
ot
=
r_}[_‘
o
tt
>
an
i
2
P>
2
bt
M
r {
9

8AITE T E = 2 o 2 YEPT =3
A 22752 14 MPaS 4351
EE ARES 9ol A 324171 B
83} 74 -9-of| A 70X 7L o2 AH=E o]

> 4 A

oy
o
e
=
=)
L)
LY
= N

> HE

o)
M

rlr
[k
e
qm k
[t
>

oft
e
ml

eS)

5
oy
b
i
rl
>
l"_fl il
K3

N,

7100 whe} Fig, 2(d)©] F5F el 3o YERd 23 2ol
T AMEES AMSS F97 BE ZERE AWE

7R 27 FEkdo] whE, A= 79714
YeRf 1 9ok 3 v BT AMES AR
w2 ey o g Qs AE 7Y

Ox
=
rl
AR
Q> gy
oo ML
O offf o o & nd

o

M
N
fo
==
of fm r ot

-

I
>
=
(m
i
%
o
o
—o
f
i)
ol
ki o
i)
B2
b
N
X

oy
:

i o o

T Jodb
T
o
=
k1

o Y9
v
&
i)
=
fz
i
3
i
o
[
>
=
(m
i
>

o= A%

2 2

o
A
=2
%0
o
+
k]
S
e

i

>
o=

fo

i

=2
lo

e
)
9

il

é 3
)

=

%0
RINSN
&
2o
S o
& o gt

oM, o

=9
I Tl WE I ke E HE ZEAES A
ol Bla} vl AR EZ} H o H 5 AAFSEAL T

do b rlr 3% op W o b
&

2 Rl
Ao
=)
b
>
=
[
L)
e
i)
o
K
>
i
N
it
%
r
o
i)
[
lo
ol
bt

24 g £AYES| BE SUTI BE F7|FL WA

32 AR XM= Ll byst
el AR A ES] BT QA Aol ARSSH A
A3

59} Yahn, AFPol A& FES Table 79 UERAS

Table 6 Experimental design of concrete substituted with fly ash

Factors Levels
. . Cement type N, HF
Mixture Binder
FA 0, 10, 20, 30%
Fresh Slump(mm) 180+25
. concrete Air content(%) 4.5+1.5
Experiment
Hardened Compressive strength 1,2, 3, 7, 28 day
concrete
*FA : Fly ash
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Table 7 Mix proportion of concrete substituted with fly ash

Unit weight(kg/m")

Mixture  w/c C

W — X FA FAs CAs AD

N HF

N320-F00 51.6 165 320 - - 868 928 2.24
HF288-F32 50.6 162 - 288 32 868 928 224
HF256-F64 494 158 - 256 64 868 928 224
HF224-F96 49.4 158 - 224 96 868 928 2.24

*N320-F00 : normal portland cement 320 kg/m?® + fly ash 0 kg/m’
*HF288-F32 : high fineness cement 288 kg/m® + fly ash 32 kg/m’

Slump [mm]

Air content [%]

N320-F00

HF288-F32 HF256-F64

Mixture

HF224-F96

Fig. 3 Slump and air content
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Compressive Strength [MPa]
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Fig. 4 Properties of compressive strength by substituted with fly ash
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Table 8 Compressive strength and compressive strength ratio of concrete substituted with fly ash

Age
Mixture 15hours 18hours ldays 2days 3days 7days 28days
C.S Ratio C.S Ratio C.S Ratio C.S Ratio C.S Ratio C.S Ratio C.S Ratio
(MPa) (%)  (MPa) (%) (MPa) (%) (MPa) (%) (MPa) (%) (MPa) (%) (MPa) (%)
N320-F00 1.9 100.0 2.9 100.0 3.8 100.0 9.4  100.0 13.4  100.0 18.7 100.0 23.8 100.0
HF288-F32 22 116.8 4.1 1414 7.8 2053 16.0 170.1 18.0 1343 27.8 148.8 33.0 138.7
HF256-F64 14 711 2.5 84.8 52 1368 14.0 1493 159 1187 23.6 126.1 28.5 119.7
HF224-F96 1.1 57.4 1.6 555 39 1034 126 133.8 152 1134 22.8 121.7 262 110.1

*C.S : Compressive strength

=2 M22A 235 (2018. 3)
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