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Abstract Cement is one of the most commonly used materials in the construction and civil engineering industry.
However, emissions of carbon dioxide generated during the production of cement have been linked to climate change
and environment pollutants. In order to replace cement, many studies have been actively performed research to
utilizing Blast Furnace Slag(BFS), which is a byproduct of the steel industry. This study aims to investigate the
physiochemical properties of the BFS powder based grout to determine whether it can be used as an
environment-friendly grout material. As a fine powder, BSF can be used instead of cement grout due to its potential
hydraulic property. BSF has also been known for its ability to strengthen materials long-term and to densify the
internal structure of concrete. In order to investigate the physicochemical properties of the BFS powder based grout
as a grout material, in this study assessment tests were performed through a gel-time measurement, uniaxial
compressive strength, and chemical resistance tests, and heavy-metal leaching test. Characteristics and advantages of
the slag were studied by comparing slag and cement in various methods.
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Table 1. KS of Blast Furnace Slag(BFS)

BFS Lv3 Lv2 Lvl
Specific
. 2.8above 2.8above 2.8above
gravity
Specific
surface area 3000~5000 5000~7000 7000~10000
(m?/kg)
7D 55above 75above 90above
Activity
index(%) 28D 75above 95above 105above
91D 95above 105above 105above
AEEHIE pH 120149 G & Foll ==
9 e} AR G ASAT o A &
v He sEseae) 48 e Axa) B o
o} e A& AEEr] 9lstel Na(OH), KOH,
Ca(OH), ¢t #2 &Ze|d =45 A7k =3 &
eba Belts fFakavhs 8950 REW A5E @
AR ZOE() YAs wREdT YA T
sk SAsE Ast Aol dowti13]. ks
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Fig. 1. Gel time test
(a) A&B solution (b) Repetitive mixing

243 gl wE A WE F4ste] 43
Fig. 29} o] Aeletdit). 2439 o] T71e45
e F43] Atk 243 shao] 15%00A 5
HE st ZA4FAE Bk 24389 dhake Aet
el 2710 F G 7IXA R A 15%F 2Hs)
W AERS] Bigle] gk i) AR E AS & 4 AUk

250
[ ]
200 Y=22.7566+413.50°0175%
— R2=91.8%
> 150
g
= 100
&)
&)
50 1
o ©
0 : : : ‘ :
0 10 20 30 40 50 60
Slaked lime / Slag (%)
Fig. 2. Gel time with concentrate of slaked lime
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Table 2. Rapidly hardening mixing for field

A solution B solution Gel
No. | Water Glass | Water Slag | Ca(OH), | Water tim:(s) e
(2) (ml) | (9) (g (ml)
1 54 146 | 72 0 172 1
2 20 20 | 60 20 177 6
3 12 32 | 60 20 177 5
4 20 20 60 20 251 6
5 30 30 60 20 311 18
6 12 32 | 60 20 177 5
7 20 20 20 20 261 14
8 16 43 66 13 243 X
32 UE YRUE N
Wl e 9% EAES Shadr A6 9 - :
3 FA] A Fig. 2014 Hi= 23 o] 24a] §9 A Fig. 4. Uniaxial compressive strength test
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Fig. 2. Fabrication of test specimens
(a) Specimen(A&B) (b) Grout curing Fig. 5. Uniaxial compressive strength according to the
slaked lime ratio
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Fig. 6. Uniaxial compressive strength average according
to the slaked lime ratio
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Table 3. Mixing ratio by conditions of cement and BFS

Classiy | G, Ce“;m' Ce“];em' BFS-A | BFS-B
A
NaySiO, | 138 | 100L 36L 100L 100L
Water 1 100L 100L 100L 100L
B
Cement 3.15 110kg 110kg
Watter 1 165L 1635kg 163L 162L
BFS 295 . ; 104L 102L
Ca(OH),| 23 - - Skg 6kg
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Fig. 7. Durability change test

Table 4. Durability change of Cement and BFS

. Cement-A | CementB | BFS-A | BFS-B
Classify
Volume (cm®)
B 1225 123.75 125 123.8
Initial
125.0 123.75 127.5 126.3
1 day
2.0% 0.0% 2.0% 2.0%
- 125.0 125.0 127.5 126.3
s 20 1.0% 2.0% 2.0%
125.0 126.25 126.3 126.3
1 week
2.0 2.0% 1.0% 2.0%
123.8 128.78 127.5 122.5
2 weeks
1.0% 4.0% 1.9% -1.0%
126.2 120.1
8 weeks . X 6 0
0.9% 3.0
x X 1262 117.6
12 week
weers 0.9% 49

getol 2713k} vlaste] Wske-S HEbith o714

e e Ao B, vlola ke AHe] 45

g A ow

NE2EY T FAAE Gl gl 3

S
2% w) Fu= BFehs ZHE Holtrh v $53)
T A%E Bk AMES n2&d 1 FAAY F4
€ vk As nzsae) el o e o
Qg = 9tk Fig. 83 Fig. 923H AWIERZ FAH
AEE 457 5 F43] gHste d48 Btk 27
125 PR A 9 Al 5e] A g ow WAE L 412
FoAE dEaEe] G2 o5 FEehE Jo® %
gtk AME A8E 45 2 o]Fol= Bt |
S BOAT nEsY TAAE L FEeh Hskeol



THakath 2 LASEEgS H83 n2sda JteE H84 9 EY3EkY B4
S0 $47 NFAE WL Eeh, 243 i8] 4 HE
o masYn ERee 2104 A ustgol 4 1}
Pkt B Aol NE sl 285 2B EAS Ade
51 olo] A5 A3k EHS AT, WANAL A§H o)
w5 PR E V)5S HEete s gtk of& e
oHFS winl o] Alsel e A3le Fdstel 1A
58 Whta Az
LA HEFHE) T B H(E+2 S 1+ 3]) 0
2 A3 EFHoA LZAFAQ] Ca(OH),
2 Q% Qe 843 Dol Lol Agow A
® ® Elele] Aol Age wed)
Fig. 8. Initial state of test specimen 2. 223 W] S 5~50%7H4 45 AS5AE
(a) Slag specimen (b) Cement specimen ANFE Agsle] TeleE G 2=
Mg TS ANSIITE 241819 Fherel 27}
W45 A% o) FAEAT QA T T
Aashs FAE BRI F, 20%~25%<] 1kl
A ZE A st A9l A B 2
3 gl Ald Zle Aol velan, ol
n2&aae] F871sA A5 ARR AR
© A TAORE ot _
Fig. 9. After 4 weeks state of test specimen 3. Ul AIRAT AWE AR B9 45 o] F F
(a) Slag specimen (b) Cement specimen A3 TIehs A4S Kol Fejek A4 wst
&0l glo] mEsYe) vidol ¥ s o
3.4 334 54 Qg 4= ek AwkHoE [2F FilolAe] 7
Fa% 2243 AN E LA o) slo] 213 e AR A g we Aow AdHM
oM 671 AZ( O8I A= B(Cd) F O 27 4~125F FIONA ] 5 AFS e FEY] &
% Aol AR st ARt 4549 A § sl Sl Ao e
2 A4S AR BEAE ji: Al 7HA AL X 39
ok A=A EF AE Wl IEC 62321 @ 2008,
UV / VISS} [EC 62321 - 5 : 2014, ICP-OES®] <]} References

of APsleom A @ ' < 1mg/kg,
Cd < 0.5mg/kgs 9 It} Table SEHH +
YARA T4 i) AEHA FR Faidol glrt

=2 "
i g

[e23

A 883

o]

AR

Table 5. Heavy metal test

Component Unit Detection limit Result
orot mg/kg 0.5 Undetected
cd mg/kg 1 Undetected
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