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A Study on Estimation Model of Strength Development of Concrete Using
Fly Ash and Ground Granulated Blast-Furnace Slag
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Abstract

Recently, the amount of the mineral admixture including fly ash and ground granulated blast-furnace slag was increased for the
purpose of CO, gas emission reduction in the concrete industry. However, in the case of korea, estimation model of strength
development in concrete structural design code was prescribed a constant value according to cement type and curing method about
the portland cement. therefore, the properties of strength development according to time of concrete using fly ash and ground
granulated blast-furnace slag does not reflected estimation model of strength development.

Accordingly, this paper was evaluated strength according to time on the concrete strength range using fly ash and ground
granulated blast-furnace Slag and the strength development constant 3. of concrete according to the kind of the mineral admixture

and mixing ratio was proposed.
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Table 1 Chemical compositions and

physical properties of opc and mineral admixtures

Item CaO Si0y AlOs MgO FeoO3 SO Insol. LOI Blaine Density

Type (%) (%) (%) (%) (%) (%) (%) (%) em’/g) (g/cm’)
OPC 61.4 21.6 6.0 34 3.1 25 0.2 1.12 3,540 3.15
FA 6.5 58.2 26.2 1.1 7.4 0.3 - 3.20 3,550 2.18
GGBF 42.1 33.3 15.3 5.7 0.4 2.0 - 0.02 4,160 2.90

EAEe] g ajse Agel] Sl wsn ok

(ministry of land, transport and maritime affairs, 2011).
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Table 2 Mixing proportion of normal strength concrete

Unit mass (kg/m®)
I Type W/B G SP
® | w |opC FA| S | G | BX%
BF

OPC 180 | 360 | — - | 798 1938 | 0.35

FA15 180 [ 306 | — | 54 | 789|928 | 0.25

l\ili’la FA30 50 180 | 252 | — 108|780 |917| 0.25
GGBF25 180 [ 2701 90 | — [ 795|935 | 0.25
GGBF50 180 | 180 [ 180 | — | 792|931 | 0.25

OpPC 175|417 | — - | 7491955 | 0.30

FA15 175354 | — | 63 | 739|942 | 0.30

l\?/J)Iga FA30 42 1751292 | — 1125|729 |929 | 0.40
GGBF25 175313 1104 | — | 746|950 | 0.30
GGBF50 1751209 | 209 | — | 742 | 946 | 0.40




Table 3 Mixing proportion of high strength concrete

Table 4 The model of compressive strength development

Type Models of compressive strength (MPa)

t

(f')t= rﬁ‘lf(f'()%

a: 4.0 B:0.85 (Type—1,wet curing)
ACI 209R
a: 2.3 $:0.92 (Type— 3, wetcuring)

a: 1.0 3:0.95 (Type— 1, steam curing)

a: 0.7 3:0.98 (Type*?), steam curing)

Unit mass (kg/m’)

f | Type W/B o« Sp
(%) W OPC| JT | FA| S | G BX%)

OPC 170 [ 459 | — | — | 690|994 | 0.40

FA15 170390 | — | 69 | 688|991 | 0.40

]\j‘[ga FA30 37 |170]321| - | 138|670 |964 | 0.35
GGBF25 170 [ 390 | 69 | — | 688|991 | 0.40
GGBF50 170 [ 229 | 229 | — | 684|984 | 0.35

OPC 170 | 607 | — | — | 609|993 | 0.60

FAl5 170|516 | — | 91 | 596 | 972 | 0.60

$a FA30 28 | 170|425| - | 182|584 | 952 | 058
GGBF25 170 | 515 | 91 | — | 606 | 989 | 0.60
GGBF50 170 | 303 | 303 | — | 601|980 | 0.58
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sc
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= 0.35(type — 1, wet curing), 0.15 (type — 1, steam curing)

= 0.25 (type — 3, wet curing), 0.12( Type — 3, steam curing)

= 0A40(type* 2)

4.1.1 E3HA E3Eol uE AFAE
T E3kEel e ASAE T SAS dokny] 9
sto] Al 28l digh 3¢ AEo HEES U
Fig. 10]t} Fig. 1°] =4 REAE o +
o3t 347 WS- OPCe} H 6}04 FA 15%% 553t
TS YERIARE FA 30%E oF 5% A% fashe 4
o] Yepsitt. 3 GGBF= OPCSZL H) &t GGBF 25%
2 50%04 ZHzE ok 10% B 24% FHashs g ek
ot A% 99 A9 28] tist 37 WS OPC
o} Blwake] FA 15% 2 30%t 2H2F oF 8% 4 15% A=
esh= 7Agko] Yetom, GGBF 25% 4 50%°lA 22}
ok 9%, uj 28% 7L/\3].‘_—. 7&?‘5}_0] 14.1:,].\4@
olefgt A= Fsto] FA % GGBFE 3¢ B& wigt
oA &3k 35 Sl whet A 28Yel| sk AE 3¢
A S-S ek ZoE Ukt

4.12 Z3pA E3dEC wE FIYE B A
3} gi}%ﬂ] wE FAES A W Ak s,

SR ESFTSA|pE| st =28 H17d M55(2013.9) 89



—_
o

o
T

FA 15%
FA 30%
E %] GGBF 26%

o
T

o
T

= N W A~ OO O N O © O
o O O O © O

Development Ratio of Strength-3/28days(%)

]

24MPa
Compressive Strength Level(f.,)

(@) normal strength concrete

—_
o

Type
I oFc
FA 15%
] FA 30%
GGBF 25/

(=]
T

o
T

=]

= N W A O & N X © O
o o o o o o

Development Ratio of Strength-3/28days(%)

(e

A0MPa 60MPa
Compressive Strength Level(fgk)

(b) high strength concrete
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Table 5 3,, and measuring efficiency on the early strength
Strength Measuring efficiency (%)
development
Item
co(nste;nt 2days 3days 7days aver.
Bse
opPC 0.18 0.9 0.6 2.9 1.5
A 15% 0.22 0.7 3.1 3.0 2.3
30% 0.29 0.8 4.4 0.6 1.9
GG 25% 0.27 0.2 2.8 2.0 1.7
BE | 50% 0.39 0.3 1.3 0.7 0.8
By, 715 EEHEARES] Zenk (0.35, 1EAHIE)
A
=051 (1F EEW= AE)
= 0.63 (ZfelolA = 15%)
= 0.83 (Z=elolA] = 30%)
=0.77 (A2&Y1 v]EL = 25%)
= 1.11 (AZ2&EY1 v]EL = 50%)
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