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GGBFS(Ground Granulated Blast Furnace Slag) has been widely used in concrete for its excellent resistance chloride and
chemical attack, however cracks due to hydration heat and dry shrinkage are reported. In many International Standards,
GGBFS with low fineness of 3,000 grade is classified for wide commercialization and crack control. In this paper, the
mechanical and durability performance of concrete were investigated through two mix proportions; One (BS) has 50% of
w/b(water to binder) ratio and 60% replacement ratio with low-fineness GGBFS, and the other (TS) has 50% of w/b and 60%
replacement ratio with 4000 grade and FA (Fly Ash). The strength difference between TS and BS concrete was not great
from 3 day to 91 day of age, and BS showed excellent performance for chloride diffusion and carbonation resistance. Two
mixtures also indicate a high durability index (more than 90.0) for freezing-thawing since they contain sufficient air content.
Through improvement of strength in low fineness GGBFS concrete at early age, mass concrete with low hydration heat and

high durability can be manufactured.
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Table 1. Chemical composition of OPC and GGBFS

Physical

. P
Chemical composition(%) i

Case Specific
Si0, |ALO;|Fe,05) CaO [MgO | SO; | etc | gravity

(g/em’)
OPC | 208|493 | 3.5 | 624 |1.61 221|183 3.18 | 3270

4,000
GGBFS

fineness
(cm*/g)

340 [ 164 ] 05 [ 372629271 (2.02| 2.89 | 4330

3,000
GGBFS

Anhydrous
gypsum
FA  |55.66(27.76| 7.04 | 2.70 | 1.14 | 049 | 43 | 2.19 | 3621

32.1 [12.97] 0.38 [43.27| 5.5 | 3.8 | 1.98 | 2.88 | 3050

143 | 1.14 | 0.35 |39.03| 0.75 |53.15| 4.15 | 2.31 | 3810

Table 2. Mix proportion for this study

Unit weight: kg/m’
Case | W/B | S/a
w | ¢ BFS | BFS FA | G S AD
3,000 | 4,000 %)
BS | 50 | 46 | 170 | 136 | 204 - - | 800 | 990 | 0.5
TS | 50 | 47 [ 170 | 136 | - 136 | 68 | 789 | 977 | 0.4

BS: Binary System, TS: Ternary System, W/B: Water to Binder, S/a: Sand
to aggregate, W: Water, C: Cement, BFS: Ground granulated Blast Furnace
Slag, FA: Fly Ash, G: Gravel, S: Sand, A.D: Anhydrous gypsum



Table 3. Physical properties of the used aggregates

Items Ginax Sp em.ﬁc Absorption
Types (emm) gravity %) F-M.
(g/em)
Sand - 2.58 1.01 2.9
Gravel 25 2.64 0.82 6.87
F.M.: Fineness Modulus
3.2 30002 GGBFS =Y AdEA Z3z2|EQ
sty - LTE M5 Tt WY

S AMB3I01 KS7 IR0 If2} YEUTKS F 2405), 224 1% 2%

3000BFSE0

pRas  nuE
(TL0) ®

(a) Compressive strength test (b) Failure condition after test

Fig. 1. Photos for compressive strength
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el ARE B2 HK] 2E(20~25C)9 Z2A0IM 6AIZH S0t &
ot Batz 0129] 0|55 weolth St tolEd2 A=
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Table 4. Total passed charge of

KS F 2711 standard

Total passed charge (Coulomb) Chloride ions permeability
> 4,000 High
2,000~4,000 Moderate
1,000~2,000 Low
100~1,000 Very low

< 100 Negligible

ZnE

|
) |

(a) Photo of RCPT

(b) Specimen after spraying AgNO;

Fig. 2. Photo of chloride diffusion test

SZGE Mot ASIS KS F 245601 2|7{5t0] TISHGIGICt
71E SAH B4R 225 HRo2 4TofA -18T2 526t
F -18CollM 4C2 dlick= AE 523N 1Cycle2 HsIR
O} 30Cycle 2t2i02 & 300CyclelIX| AT SEH AAS =5
SIRACE. Zf CycleDICE KS F 245601 M #&E 2tE2 2ot &
S HskEl A (28 S0 o ST ALE =S5

StEAMSSIX RIS =27 20194 122 289

I



2l - Mo - BaE

g L

|EnEIE REE s

Fig. 3. Freezing-thawing apparatus in the test
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Table 5. Conditions of accelerated carbonation test

CO, concentration 5+ 02%
Temperature 20 + 2TC

Relative humidity 60 + 5%

Experiment duration 4 Week

EtALSE Z/0| H7H= ME 28, 91X} AJHO| CHEH] KS M 8239
off w2t ZX ERet Mel7|0f 22 = 4571 ZI/UST 19% H=D

el XAE 2700 HAEX| ol= 29| 40|12 80t
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Fig. 4. Result of compressive strength
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Fig. 5. Result of modulus of elasticity
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Fig. 6. Result of tensile spliting strength
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Fig. 7. Result of average coulomb by accelerated period

_%
EEL
ro
w
e9)
©
3
3
i

= 7 747} Al

J

o
= %ﬂf ot %ﬂ 2t FARE HESE HEHUCE

15

Penetration depth(mm)

[
=T ]

28day 91day

Time(Days)

Fig. 8. Result of average chloride diffusion depth

z 20194 12¢ 291



422 SAZsH MY Y7t Zut
= 202} digol e 1 Y Tlsa2t A
S LYERHTE OCyclet 300Cyclet| A BS 2! TS HHE!
TIE4= 0CycleO| A 21.2kHzQ} 21 45kHzS LIEHLY
11 300Cycled| = 212t 0Cyclegs 712202 4.7%2} 4.8% Hx
UAES LIEHHRICE L5 300Cycleti A Mf SEH A=

BS HHE0| 90.8%, TS HHEI0| 90.7%= 100%Z= 7IX|= OCycles

J1EOR BS HIE2 9.2%, TS B2 9.3%2| ZAs88 BCt
0|218t SHXIQ| HES EH TS2t BS HigfQl 1At 3F a2t
it %EJO Als~= 300CycleZ7fX| 7| MHQI A HES L

22
21.8 || =4=BS TS
21.6
21.4
21.2

21
20.8
20.6
204
20.2

20

Resonance frequency(KHz)

0 30 60 90 120 150 180 210 240 270 300
Cycle

Fig. 9. Result of resonance frequency
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Fig. 10. Result of relative equivalence coefficient
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Fig. 11. Result of weight reduction rate by freezing-thawing cycles
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Fig. 12. Result of accelerated carbonation test

5.2 E

2 AR0ME 30008 12521 DIEYS X|Bfct 232(E
o 40005 12&21 0l2E H S20|0HAIS Rt g
Fg2|E0| 5t ol IR A=0f 50| 7|X%

I e B |



210
3.89mm 12|10 TS HiEH0| 4.88mmE LIEILHY &2 E1f
M5l S2S 7HA1 UX|2HBS BiEH0| TS BiEHECH 24
St ol MENS 74X et THECD ol XY 1
25 00[2US O Rt 82 A7IMBolA SHahx
50| E2f0|0fAIE ZESH HHEHTS) 2Lt R4S LiE
LHC,

2. SZ&aHof w2 BS I TS BiEHC| 0CycleOi|l A 300Cyclent
XXt BE st ) SEE ASE HIRE B da
£ g7 21, Aol SEY A5l M= 300Cycled M 90.8%
9} 90.7%2 HYD S ZAS0|A= 0.04%8} 0,045%2
B0} S HiEolM 25 S8 37 [—>FS 7K1 s

M BS HiEH2 11.85mm 12) 1 TS HHEHS 12.89mm0| X
ACE THE ANUXAME ME 28LXIE 7IECE BS iR
=)

Hete 43 4% 2tA

N
N
©
3
3
Hu

B[}
oA
mn
> <
2l
rz
ikl
[0
Hu
o
n
T

FAY

ror
ful
=
fon
o
ool
0

o

LIEHLARACE

0005 1=&271 0|BUS
2318 MULE AI8kl= TS
£ HOIX| e, L7 E4ollk
QICt 3,0002 n2&21 0

F

e 4>

=
41
N
folr
o
Ral
o'_\wo
rlo
w
rfon

(o)
3l

I
r

[us)
(@)
£
o
ro 4
ne
rT
17
0
=
ok
HT

=
i

o
F
M
0

o
0z

[

o n
[
i
=2
2
rr

Moox

o2 o
=
20
1

mjo
o T

M HD
1

ﬂ
ra
)
mo
NI )
ro
x
Kl
10
= T
: o
1o
o
o
o
0
>
ol
[
s

(m
1o
e
-4
Jm
0x
=
]
+
;O
[

Conflict of interest
None,
ZIfo| 2

2018 A F(LSMATSHALL) O] X|R0f| ool 3=
— oL-d = = = T o N

oo, MxE2 0lof HAEEUC.

References

BS 6699 (1992). Specification for Ground Granulated Blastfurnace
Slag for Use with Portland Cement, British Standard,

Choi, Y.C, Jung, SH, Kim JH, Choi, YJ, Cho, YK (2012),
“Properties of high volume fly ash concrete with high blaine fly
ash,” Proceedings of Korea Concrete Institute Academic
Conference, Korea Concrete Institute, Gyeongju, Korea, 375376
[in Korean],

Guo, L.P, Sun, W, Zheng, KR, Chen, HJ,, Liu, B, (2007). Study
on the flexural fatigue performance and fracta mechanism of
concrete with high proportions of ground granulated blast
furnace slag, Cement and Concrete Research, 37(2), 242—250,

JIS A 6206 (2013), Ground Granulated Blast—Furnace Slag for
Concrete, Japanese Standards Association,

Koh, KT,, Kim, D.G,, Kim, SW.,, Cho, M.S, Song, Y.C. (2001). A
compound deterioration assessment of concrete subjected to
freezingthawing and chloride attack, Journal of the Korea
Concrete Institute, 13(4), 397405 [in Korean),

Kwon, S.J,, Yang, HM. (2017), Durability design technique and the
related codes : chloride attack and steel corrosion, Journal of
the Korea Concrete Institute, 29(6), 33—44 [in Korean),

Lee, HH,, Kwon, S.J. (2013), Evaluation of chloride penetration in
concrete with ground granulated blast furnace slag considering
fineness and replacement ratio, Journal of the Korea Recycled
Construction Resources Institute, 1(1), 26-34 [in Korean).

Lee, SH, Cho, SJ, Kwon, SJ, (2019), Evaluation of durability
performance in concrete incorporating low fineness of GGBFS
(3000 Grade), Journal of the Korea Institute for Structural
Maintenance and Inspection, 23(4), 95-101 [in Korean],

Lee, SH, Kim WK, Kang, SH. (2012). Hydration mechanism of
ground granulated blast furnace slag, Journal of the Korea
Concrete Institute, 24(6), 31-34 [in Korean],

Liua, J, Qiu, Q, Chen, X, Wang, X, Xing, F,, Han, N,, He, Y. (2016).
Degradation of fly ash concrete under the coupled effect of
carbonation aerosol ingress, Corrosion Science, 112, 364-372,

NF EN 151671 (2006), Ground Granulated Blast Furnace Slag for
use in Concrete, Mortar and Grout-Part 1: Definitions, Specification
and Conformity Criteria, Association Francaise de Normalisation,

Ryu, SH,, Shin, KJ., Kim, Y.Y. (2012). Influence of blast furnace
slag and anhydrite on strength of shotcrete, Journal of the Korea
Concrete Institute, 24(1), 87-95 [in Korean],

Seo, CH,, Lee, HS. (2002). “Mechanism and effect factors of

SIRAMABIRIRISE =2

| 20191 12 293

o



oM
2
Hol
02
ol>
e
rH
0x
M

carbonation in concrete,” Korea Concrete Institute Academic
Conference, Korea Concrete Institute, Hanyang University,
Korea, 312 [in Koreal,
Seo, EA, Lee, JH, Lee, HJ, Kim D.G, (2017), Durability properties
of high volume blast furnace slag concrete for application in
the Korean Recycled
- B(1), 45-52 [in Korean],
Siddique, R, Kaur, D, (2012). Properties of concrete containing

nuclear power plants, Journal of

Construction Resources Institute

at elevated
temperatures, Journal of Advanced Research, 3(1), 4551,
Song, HW., Pack, SW., Lee, CH., Kwon, S.J. (2006). Service life

ground granulated blast furnace slag (GGBFS)

prediction of concrete structures under marine environment
considering coupled deterioration, Journal of Restoration of
Building and Monument, 12(4), 265284,

Thomas, M.D.A, Bamforth, P.B. (1999). Modelling chloride diffusion
in concrete: effect of fly ash and slag, Cement and Concrete
Research, 29(4), 487-495,

Yang, EIl, Kim IS, Yi ST, Lee, KM (2010). Comparison of
measurement methods and prediction models for drying
shrinkage of concrete, Journal of the Korea Concrete Institute,
22(1), 8591 [in Korean],

x|aret 232 (50%9| S-Z8RHH|} 3.0002 12421 0
40002 &AEHJ o2 3

I2sa nlEEE HOH Fall Metd & Uetetds 7L I 232|120 E2| ARl DEEE0 T2 setdnt
| |

EHS 60% xl2het EEA ZH2IE(50% S—ZEHH|2t

Zo0[0HAIS 5 60% XIEH7H TSR0 MEUE D240 012US XSet 25al=0
27l EA2IE0| Y= Fol= TR SUROIN T IURIIX Setst Hol= QURAOM 4B st EHE TEHS
LEILIGICY, ol SHEt BIRIS B95101 5 HIE B 900 040] B2 LA K4 LIEIUIST, MEIHS St
HESUT GGBFS ZAR|E0] £7|2E MBI WS 45 9 TTLS Kl A EI2ES HEE 4 Yloajet
Tkt

A2 E0| MEYUE 125247 0|22

Z &2 o488t &
IT0f AUCH = AFME MERE D2e20 0IEEE

294 vol. 7, No. 4 (2019)





