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ABSTRACT

A Study on the development of grouting material containing

blast furnace slag and carbon fiber

Kim, Ho Cheol
Advisor : Prof. Kim, Daehyeon, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

Cement 1s the most commonly used as a representative material in construction
and civil engineering industry, and has been produced in large quantities. However,
emissions of carbon dioxide generated during the cement’s production have caused
global warming and environmental pollutions, which has not been resolved for a
long time. In order to replace such cement, many studies have been actively
performed for utilizing Blast Furnace Slag(BFS) which is a by product of the steel
industry, as the construction and civil engineering material.

This study aims to investigate the physico—chemical properties of the BFS
powder mixed cement, biogrout material and carbon fiber to determine whether it
can be used as an environment-friendly cut off grout material.

Slag is fine powder or mixed cement and used as concrete slag due to potential
hydraulic property of powder itself, and it has an advantage of increasing
long—-term strength and dandification of the internal structure of concrete. In
addition, if the slag powder, which i1s the industrial byproduct produced every year,
1s used as the grout material, it has a special characteristic that it is possible to
secure not only environment friendly but also great economical efficiency.

Therefore, this study aims to develop grout material with high strength and

reinforced cut-off by mixing carbon fiber which is recycled resource, biogrout

— viii -
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materials, blast furnace slag powder(BFS powder) and cement.

For this thesis, Geltime tests of the grout material that biogrout materials, fiber
crushing agents, BFS powder and cement are mixed, and unconfined compression
strength(1, 3, 7, 14 and 28 days) of homo-gel samples to determine durability were
performed. In addition, the permeability varying with the mixing ratio was tested.

The ratio of water to synthetic silica was fixed at 9:1, and the W/C which is a
ratio of water to cement, the existing fillers, was fixed at 2002 in order to
perform the experiment. Inclusion ratio of fiber crushing agents was 0, 0.5, 1.0
and 15%, and accordingly, analysis using SEM and EDX was performed to
evaluate and verify the performance of the grout material.

The experimental results showed that the compression strength increased as
the inclusion ratio of fiber crushing agent increased. It is considered that the
unconfined compression strength increases due to the bridge reaction of the fiber
within the cement material. Moreover, as the amount of BFS powder increased,
the early strength increased, and the coefficient of permeability decreased.
Therefore, it can be used as a cut off wall grouting material in the field due to

excellent early strength and cut—off effect.
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T=7 d— (2.1)
d,
T=1Ty+ (773 d_) (2.2)
A71A, gt FA 5 A5 (dynamic viscosity), np @ &4 5 Al (plastic viscosity)

n' © BR7] F5 A5 (apparent viscosity)
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O_L/
o
o
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am
S

T 2.5 2 AR0AN AIE2E S2/® EA
2R H 97 T H] A T
= F
¢ (g/cm) (pm) (45¢m, %) (cm/g) (%)
1E2EY
;H u}ﬂii 2.88~2.94 2~4 2.0°0] 3} 8000~10,000 | 0.4¢]3s}

FHl

2.6 2 AF0A AIEE 3HER E4

Si O, Al, O, Fe, 04 CaO MgO SO, A=

30.0~36.0 | 12.0~18.0 | 0.25~0.35 | 38.0~45.0 | 10.0°]3} 4.00] &} 3.00]s
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H 27 2 970lA A2 D=2 01229 32 JIE

g o= KS 4 71%(KS F 2563) 1%

U %= (g/cr) 2.800] %
W] 59 ) (eni/g) 8,000~ 10,000

A= 7Y 9% o]
e EZSXA]DT ©o) e 289 105 ©] 4
e 91 105 o4
Z=27 v(%) 95 o]
MgO(%) 10.0 ©] &}
S0,(%) 40 o] &}
a7t (%) 3.0 o]3}
AstE o] (%) 0.02 °]3}t

=3
: HezA 72HnSI0, )3 BAUEFENa, COs ) e FAHSEA
T2HNSIO, ) FASTHEFNaOH) & 95 = #fA w5zt nd =H|E n
Helel Zlo] A or AMEL Stk nol 1o]8ql A2 AAA AT da F=

Abathis Eulo] old 1%, 25 3%, 457 Qon] AuH o oFdFgld A4
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= T B4 A5 235, 457F A2 w7t ok EARA o2 1dy]

o Eof thak gaAlo] 7] Wi Ef2(water glass)gtal=3kt}h SiO, /Na, 09

=09} Fko] wt vt AEES Yeidy gt 8£x=2 AFEE 3 (o]t 3
)

T % 1% 2% 3% HEHTATY EF
T R FE o A = ofghe g 9 1% 2%
Si04(%) 35~38 34~36 28~ 38 27.5~29 19.22
Nax0(%) 17~19 14~15 9~10 28.5~30 20~22
Fe(%) 0.03°] 3} 0.03°] 3} 0.020] &t - -
5 B8(%) 0.20] 5} 0.20] 5} 0.20] 5} - -
Na,SiO(n) ok 2 k25 % 3 °F 1 °F 1

A1AA A F2ol= JAE AL, A2TdA A= o] YRSl M= A T
sto] A& FxE wEo] &ulE FI dHFgor ASE o|FA Hu F, Ald
Aol A Ak Ae=(Si— om78 258 & A E2H(Siloxane) 2%

(Si—0—9i)= s, dAF e 14 dA7F Ha 144 dA71e] Adsto] Zzol= 9

J

-

I
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5nm
/ )3;‘\5 )
/oll.')mm B\
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100mm
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SAlOl Astz Q1R S Fbede €0, & dAE A= AdE UHH 2o
(M =, 2015).

CalC0: + H:0

CaC0s + H:0

CaCOs + H.0 {(Combination) (¥aporization)

O 2.8 & 22X 2132 AHOIY HIOIFUT 2AI=(Park et al., 2014)

2.3.2 Hfo] L F P A A o] &

(1) MAEI 84 (Urease)o HH$-

MRS ol 8@ Ho wAs: nARe] 43 WS Fal LA ] 27

A7F & GAF Abolel HAE Yepdth # Aol nAES wdstr] fls) e
2l & wrERlon, oJFulx|(Nutrient Broth)e} 8428 E§ste] A&t wA=E
B 84 T U FEiAE A A 2o 245 §A FE Aol
T3 84E A (COoWVH,),)E YEH AL, FAe AARY =d2 53 Aol
Fol Bo & HEr) o]Yd 24 RE IFEEI AR ofFo dwd dAl HF
el A== ol & glon, djdo] EajE i v FR Yol AP HEY
8A40FNELE Ureasettile stH, 845 ZlFEafste] fhRyols} o ibsteai s
AA 7= jEgoll Hofgitt, o] dk e vl ass MAE, A5 E, sh5dE, 1F
= AT Ao dy BXsH Aok EAe R gtk mAgETR 24
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(Ramachandran et al., 2001).
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Ca** + HCO; + OH — CaCO; + H,O (2.13)

L
9 & AATS) AREL Bl Awe] nARIL AT 17 295 dhol 274
AT JAte HHEE BES B4 3 3 Aol
Particle
He0 A )
Bacteria Cell : Sporosarcina pasteurii - 0

/ ﬁ b NHz—00 -NHz + Ha0 — 2NH3+ G0z L

i - ; b

!

! CaCO3 = CaCls

" 4 A

i | )

{ V‘A:_

| Ca™*attracted

L E

1 to Cell CaCOs3

i 2NHz+2Hz0 —= 2NHI+20H ‘

\‘ H0

\\

\\

k0 C02+0H—> HCO3

T O HHCOEHOH 2> CaC03 +H20

Net Urea Hydrolysis Reaction : NHe—CQ—-NHz +3Ho0Q —= INHI+ HCO3+0H™

Net pH Increase : [0H ] generated from NH{ production >» [Ca™']

= 2.9 0|2 DA AHLIS(Dejong et al., 2010)

_43_

Collection @ chosun



%

p=4

=

2.3.3 Hlo] 2. F < A

QA A=A

N

of

(1) w}o]

A

e

shok

S

b

°©

1 wst

1

o

=

=89(0.75M)

10 AL Hhol e F YA AusEA o] AFgEE v

O
R

=

i

oy

=
=

o] A7IH, 2

A2

S

=}
2]

lo] Btz 7|

9

- 44 -

29 2109 2,

o

8 2.10 HOI2

Az

(c)

2% 40TColA 24X3E AZAIZL Fof] APLHAIE o] &

o}, npo] 9 F9 Al A 2T A

Collection @ chosun



(2) mfo]

o

detdy &AM A

olsh o] A4

e

oy

o] A= Ak
714 40C=

S SEM$} XRD B4 o=z

st

S

et

AAEn oz g

=

=

e

LS|
A

titk. SEM &

1R

I

P
T

%

or
o

el

SEM 4

1
R

gk 29 212

<

1

o =
< &<

o]
=

RN

o]ty XRD #4437}, Calcite®] B33 A=A

4
ERERs

q

A
~

=

|=]
JLS
=

XRD
o] Calcite,

[e)

R

LI
a0

Fll)

atoegt0

il
LSEN] Qe

AEY

Y ey

RIS)

8lIoed

) lal-La}

o
=

y
3

ki3

3=

A
~

2127 19 211
of &

3
M

KeN
=

—_ o
I Q)
Tor Q
wo| S

©

X0 m ©

O =

= <

HT.C H o]

g

=

IS}

-

g8 | o
=R
<L )

<

O
D}

v | &
2|7
Ol
|9
o' —

o

8l0lR)

60

30 40 50
Position [2Theta]

20

10

6400 —
3600 —

Counts

1600 —
400 —

[=]
(i}

=X

[0)
2

A
88

Elg
=

o1

a8 2.1 D|d=Sdu o

_45_

Collection @ chosun



_46_

(“/Collection @ chosun



2.4 A—]

v A

241 B7F A9 s
A 2SEY 98 AAdS Ay Bk olydt wjEE A P B AR F
ol 24 93 o, F&, d8E & oty Al dd A2 A 2FE
E 7% AR 2A HeHEE Aedy 2 g Fx2EY X vte AR 1
F-EE AREEof ghth 2 AFoA = AHdE R AMSEE AFS TS A=l
el theat el sl EAFSEA T
(1) B2
A 2HFE W RAARE T2 stos ddste 9835 e 24w A A
T el HARokNA FE AEHL e BEAAFY FFe e (Glass fiber),
B E4F(Boron fiber), L& 3}o] EA - (Graphite fiber), 24 (Carbon fiber), o}&}w]
= (Aramid fiber) T°] lon, 53] ZAZE Fx2HEA BFE&o2E FA,
A, ol =A R RS AFA st vk BAA RO Tl wE AS 2t
SE BRAAE 29 2137 2
— Carbon fibers —1— PAN-based
Inorganic — — Pitch-based
— Glass fibers —— Alkali-resistant glass
— E-glass
: —— S-glass
— Aramid fibers g
Organic —1— Polyvinyl alcohol (vinylon) fibers
— Others
8 2.13 EHER 7
AA 7 ol AMEEI e AL FEAdRQdd 2 olfre 9 ARt Tt
Aol Adstth= AAAY wolH, AAA o= wjEHA Fx]8 2 REy= 5
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Thermosetting plastic Epoxy

Vinylester
Unsaturated polyester
Others

Specialized

Thermoplastic

a8 2.14 HE=EA £=X2 SF

o3
ofr
-

ARl A F2 ALgHE MESA FAE AFRY FAZA T FRE O
=
=

U BE EF ol 2H (Polyester), '€l 2~E (Vinylester), °%A](Epoxy), #1&E5% 5ol
Fo] AbEE T o] WMEZ X FA= s oy ko] tid A 2eja oy
7HA B0l tgete dHe] AE vEr] uite] wjEY A £ AHE wy F8
sttt A itokol A 7 Bol AR EE AR FA= 7ol AR EEjol 2Ho]
9ol webs vl 2B e o FA] A gol ARGET Ao i g Qbd
gt A= AEwA FAEA A el F oA FE AEEHY AAH SR b
2 sHolth

2.4.2 &A&AH

BoAgol A AMEE g9 EA HS 2 B Q8= @44 (Carbon  Fiber,

Reinforcing Fiber)& H| ol 2~E| (Vinyl-ester, Matrix) Aol &3 Al

Hez2 A3t Aolt}. o] ArE Y ZWNEFMAC, M.S. Asia)o]gtal A 7
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QAL NFoR @ Ao, HFE dshitd s JEE 2y Qe 2012 A
435t Awstdth. &2} CF, AF, GF= 7217} &4, ofghv =, F84d+E5 ey,
HSSF HMe 7=sh med e 747t e,
150
i V, = 40%
HSCF
- 1{:0: /
E : HMCF HMCF/HSCF A
i i
= : GF
E [ HSCFIAF
i sol =~ " HMOCF/AF
- =1 __HSCFIGF
HMCF/GF 5Dad
H .. - =535 -
2 ||||||||| I3 lllllllll 4
Strain (%107 mm/mm)
HMCF high modulus carbon fiber
HSCF high strength carbon fiber
GF ; glass fiber(E-glass)
AF aramid fiber(Kevlar)
HMCF/HSCF high modulus and high strength carbon fiber hybrid
HSCF/GF high strengh carbon fiber and glass fiber hybrid
HSCF/AF high strengh carbon fiber and aramid fiber hybrid
HMCF/GF high modulus carbon fiber and glass fiber hybrid
HMCF/AF high modulus carbon fiber and aramid fiber hybrid
O3 2.15 UEZYW AR9 SH-HEE 2 (01J1¥, 2008)
a9 215004 HolFar Q= vhel o] vlZwoA Algste AR TRE ©AA
F, HUAR, ohHEA Rt o, BadRilE DPES ey 23R/ AgH
o AEvks v B o 1 E gSAHTE FEAaY obetul = Aol Bls) of
159 e 2 AEE Uehn vk E# ngq gades e 255 Agl
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21 85 9.7 9.2 104 10.8 12.3

28 9.1 10.3 10.7 114 124 139
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16 ~i—SS 35%-C:B-F 60:40-0
=SS 20%-C:B-F 60:40-0

14

12

10

qu(kg/cm?)

20

18 | —4—s5 50%-C:B-F 60:40-1

16 =SS 35%-C:B-F 60:40-1
«=h==SS 20%-C:B-F 60:40-1

14

12

10

qu(kg/cm?)

Day

(a) 24 1%
O 4.6 C:B(60:40)Y M Al2rAL0 ME L=E2AT A
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A d=4E(kg/em?)
A} = 0 0 0
(day) SS 50% SS 35% SS 20%
F 0% F 1% F 0% F 1% F 0% F 1%
3 3.6 39 2.7 3.1 2.4 2.6
7 49 5.8 4.7 5.3 5.2 5.6
21 5.8 6.6 6.2 6.8 7.2 7.6
28 6.4 7.1 7.2 79 7.8 85
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(4.1)

0.0155S + 0.078C + 0.747F - 3.713
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(4.2)

qu = —0.0275S + 0.171C + 1.563F + 0.086
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12

10

qu(kg/cm?)

—4—S550%
——S535%
SS20%
0 50 150 200 250

H 4.8 282 WA O | AT Y AEY =FHAD

o . ASAFE(kg/cm?) AE}ol

- g | 79 | 219 | 289 (sec)

SS 76 | 102 | 123 | 137 95~109
(1%0' :BO) SS 70 | 104 | 146 | 155 118~133
SS 56 | 114 | 156 | 174 137~ 156
SS 60 | 81 9.7 | 103 141~156
(8% : IS(» SS 53 | 82 | 104 | 114 146~ 162
SS 42 | 88 | 123 | 139 185~ 203
SS 39 | 58 | 66 | 71 201 ~207
© - ) SS 31 | 53 | 68 | 79 | 219~242
SS 26 | 56 | 76 | 85 265~ 288
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2 (41)E A&ste] & 499 #Zo] FAd AdE st
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= Al Aol s A =2} ZAN | BFASF
}\] = °© ‘0 1= ‘?179. T = 70 Al T T AT
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(em®)
CB-F B
(100:0-0) 12.42 15 176.6 17.75 600 9.9x10
CB-F
(100:0-1) 12.01 15 176.6 17.75 600 9.6x10
CB-F .
(80:20-0) 5.56 15 176.6 17.75 600 4.4x10
CB-F .
(80:20-1) 5.31 15 176.6 17.75 600 4.2x10
CB-F .
(60:40-0) 3.2 15 176.6 17.75 600 2.6x10
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