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Properties of Compressive Strength of Mortar Based on High-activated
Blast Furnace Slag using the Slag by-product as an Activator
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Abstract

Recently, many efforts related to the utilization of industrial by-products have been made to reduce carbon dioxide
emissions in the construction industry. Of these various efforts, concrete incorporating ground granulated blast furnace
slag (BFS) provides many advantages compared to conventional concrete, such as high long-term compressive
strength, improved durability and economic benefits because of its latent hydraulic property, and low compressive
strength at early curing age. This paper investigates the compressive strength of high-activated ground granulated
blast furnace slag blended mortar with slag by-product S type(SBP-S). The results of the experiment revealed that
incorporating high-activated ground granulated blast furnace slag would affect the compressive strength of mortar. It
was found that increasing the Blaine fineness and replacement ratio of slag by-product S type shows high
compressive strength of mortar at early curing age because of its high SiO; and CaO contents in the slag. It is
confirmed that an increase of curing age does not affect the compressive strength of mortar made with slag
by-product S type at a high curing temperature. Moreover, it is possible to develop and design concrete manufactured
with high-activated ground granulated blast furnace slag as binder considering the acceleration curing conditions and
mixX proportions.
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Table 1. Experimental plan according to the type of SBP

Binder (wt.%)
Specimens \f\!//? B:S SBP
° Brs) —————— S
SBP-8?  SBP-P°
[BFS76S30]95+CS5 66.5 285 - 5.0
[BFS70P3]95+CS5 50 1:3 66.5 - 285 5.0
[BFSI95+CS5 95.0 - - 5.0

1) BFS : ground granulated blast [BFS7850]95+CS5

funace slag Gypsumreplacementratio
2) SBP-S : slag by-product S type -[ yp P i )
3) SBP-P : slag by-product P type SBP-Sreplacementratio of binder 95%

4) CS : gypsum BFSreplacementratio of binder 95%

Table 2. Physical - chemical properties of SBP

) ) Chemical composition (%)
Density Blaine

Matenals (giom) (cm?ig)
SiOs A|203 F8203 CaO MQO Na>O SOs

SBP-S 283 2000 1535 121 240 6971 152 010 420
SBP-P 220 5000 352 1.13 113 3742 247 2596 22.78
40
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Figure 3. Compressive strength of the mortar
according to the type of SBP
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Table 3. Experimental plan

Series Experimental variables Experimental level
Blaine of SBP-S (cm?g) 2,000 , 4,000
| Replacement ratio of SBP-S (%) [BFSOOS*OLO.]QQ?J 02%5 0
) " Standard
Curing conditions High-temperature
Il High-temperature period (days) 1, 3,7, 28
W/B (%) 50, 40, 30, 20

Curing conditions High—temperature

3% Test item @ Compressive strength
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Table 5. Physical properties of materials

Table 4. Mortar mix Materials Physical properties
Seri Soec w/B B:s Binder (Wt.%) BFS Density : 2.91 g/em®, Blaine : 4,500 cm?/g
eries pecimens . :
(%) BFS SBP-S CS SBp-S Density : 2.83 g/cm?, Blaine : 2,000 cm?g
BF S70S30]95+CS5 66.5 285 -
{BFSZSSEZ}Q&CSS 760 190 Density : 2.91 g/cm?, Blaine : 4,000 cm?g
[BFS90S10]95+CS5 50 133 85.5 95 50 CSs Density : 2.90 glem?®, Blaine : 3,550 cm?/g
[BFS]95+CS5 95.0 - s ISO standard sand,
Il [BFS7S30]95+CS5 50 1:3 66.5 28.5 5.0 Density : 2.50 g/cm®, Water absorption : 1%
50
40 .
Il [BFS70Sx]95+CS5 13 665 285 50 ) ) )
30 Table 6. Chemical properties of materials
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Chemical composition (%)

Materials
SiO2 AlOs FexO3 CaO MgO NaO KO SOs
BFS 3275 1561 050 4351 441 025 049 004
SBP-S 1535 121 240 6971 152 0.10 - 420
CS 073 017 016 4157 - 002 003 5550
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Figure 82 1120k 7]7tol| w2 wighd 2 28Y
U= divl A= 1, 3, 7, 28¥9) °*"<7¥£ eSS
UERd Aolot, 12ekS AR - BE oA
A 199] g=7te Wago] 50, 3o~52 0%z 24
o] AJg 3, 7, 2899 ¢fEE WES Wl 2 AFFS
UFER QLT wheha] 12904 7|7to] AojA|elete o=
Ae FaEols & JFE XA gon 1Y 2ok
o 2w AYo] A U AL §le AR
ok},

N

140

E % days W/B=0.5 , B:S=1:3
o ? days ———————___ [BFS70S30]95+CS5
]

-
N
o

=
o
o

B [o)] o]
o o o
T T T
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
|
|
|

Ratio of development compared to
28 days compressive strength (%)

N
o
T
|
|
|
|
|
|
|
|
|
|

S H1 H3 H7 H28
Curing conditions

Figure 8. Ratio of compressive strength of specimens compared
to 28 days according to high-temperature period

4.3 S-ZEgMyl(w/B)of| ME LEZLE §’°o*.’=_’-3'-l
SIS S types ASAIR 283 112
SHL nEES d=ont Hot 7RsSHANE 4299
AEE A7) YeAE 1Y Lok o] WAl AoFE
o) ol2st Exoa olg] e RS ulk
1o 2ae]E 93} A1ES AN BE PSS A
Estazt vigzde] wg Y54 e A4S dEst
ok
Figure 9+ Series [, 19 A¥E vjgtoz 14 11
298 7 [BFS0S20]95+CS5  Higte] E—Z23AHE]
(W/B)Oﬂ £ U= SEE9E vEhd Aotk &
ZAAHI(W/B) 30, 20%2] A% 289 d54== 2
43.16, 59.68 MPa& 4|9 on E-AFAH|(W/B)
7F RodaE STt Sk AYRe UEIth
ditdow FHPE 23} AlFE &3} Aol 48 s

&

i

c

El

2,

YES 500T - hr. (PYLE X PPN E EZ
PAystolok st R, B/ATAH(W/B)E 35%]
AL QU] ] o) wejstel el 1A
A2 89 DY DL njEne 2o
ﬂ%ﬁ‘ﬂﬁﬂ%%ﬁﬁiﬁﬁ%

LR

71:14

lm o

80
g gsdg;sys B:S=1:3, [BFS70S30]95+CS5
O 3 days High-temperature curing

60

40

Compressive strength (MPa)

20

W/B 50 W/B 40 W/B 30 W/B 20
W/B (%)

Figure 9. Compressive strength of the mortar
according to W/B of (BFS7S30)95+CS5__H1

2 Ao, SYWLFARE S types ASAIR 28
sto] A v2EH Tl v REEEE Al $of A
1

SYIFAE S type ShotrA]o] HEEEHEA]
HESL FARIIL Si0n9 CaO2] Fhiegol =7
ol Lesd njEEae] fehkgo] £11
o= g,
2) S| AKAME S typed] A2he 2 EherL S71gH
of ufe} meopy 2ol AHEY| YEAEIL F
ZFERI, oof wiet aeE L vl SR
ARES] RS- o] R o wdEn, &
HLFARE S typed] SFsHdEol 71918 1=ET
7 ujEure] L3lHkSo] 22 Aoz AlmEnh
3) L IFARE S typed AFAIR S8t nEA 1L
i’“ﬂﬂl 1:!] =1 LE}E 7:1'61—xH4 7:].?4 j_ioblg
717k0] ZolAujeks EE HEgL 2 Hol2

43



Properties of Compressive Strength of Mortar Based on High-activated Blast Furnace Slag using the Slag by-product as an Activator

wolx| ghT 19 TPy HeRE
&o| 37 Assl7] mizell
Ao] 1A I2Le7 v)EY
Tl F Y=
Py Y g 2L nHT A4S
I v A9V EEoRE et 7Rssh] o)
woll 2A2|E 22t Al AdA=A 28 7T
Ao AlmE,

4)

ok
b |

8

SRS AL S8 ARRAES
NS St A7 olojAar gk,
N2EY T RS Al
S 2717 W7) wiee]
M—Eﬂ SAZE ek, olefl 2 AtolAl=
SAloHA 2] SN TS Sl
sto] 1gHY TELE 1 RS AF A%
J_i{—__%ﬂtl ojEake] wEglE RETME i
Eajlrh. 3, wey 1R&PL vk
@zm Phsa el 23} 22
A=A &8 7S =LA Hie
%;Lae xﬂz jui) oP___1_7LE
AHTRA SHEe] BYE, Xgks,
WBE ASISIc 1 e el L
TP nREYT vl meeee)
g ]o}odotq 134 Ji—a{

A
2
A’
=2
>
l‘ll‘

o rlr

i

off
m

o

ol

ol

N
m{>

2t

oo e
o—.L
£

%
i

Am
Ir —

)
o
N
oﬁ

[e)

2
=

|

o=
A

O{Né

oN 7
E o
O:

12§ % Hob > &
s M ﬁ
Am
o, oX. [
m[o ol:o

It
o

EX_Q_
= o=

ORT
|58

o N Mo

¥ Aom

22y
=)
rlru

O
=
BN
)

L ol

A E’Sﬂﬁ Ull‘&“’e*% %ﬂﬂl—‘i

s
A=A 28 7 Ao dokdEn,

2%

Acknowledgement

This research was financially supported by the
Ministry of Education, Science Technology (MEST)
and National Research Foundation of Korea (NRF)

44

through the Human Resource Training Project for
Regional Innovation (2012H1B8A2025606).

References

1. Ferraris CF, Obla KH, Hill R, The influence of mineral admixtures
on the rheology of cement paste and concrete, Cement and
Concrete Research, 2001 Feb;31(2):245-55,

2. Chan WWJ, Wu CML, Durability of concrete with high cement
replacerment, Cement and Concrete Research, 2000 Jun; 30(6): 86579,

3. Shi C, Day R, A calorimetric study of early hydration of alkali—slag
cements, Cement and Concrete Research, 1995 Aug;25(6):1333—486,

4. Kim GW, Kim BJ, Yang KH, Song JK, Strength development
of blended sodium alkali—activated ground granulated blast—fur—
nace slag (GGBS) mortar, Journal of the Korea Concrete Institute,
2012 Apr;24(2):137—-45,



