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ABSTRACT

A Study on Characteristics of Reinforcement Grout Materials

Using Blast Furnace Slag and Aramid Fiber

Kim, Chan Jung
Advisor : Prof. Kim, Daehyeon, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

Various grouting methods have been used recently to secure the stability of the
ground in civil engineering works at the sites such as old reservoirs and dams.
The grouting method is used for reinforcement and waterproofing of soft ground
and restoring foundation and increasing bearing capacity of the structured
damaged by subsidence and uneven subsidence due to lowering or rising of
groundwater level and vibration at reservoir or dam. The cement is commonly
used as a binder in ground improvement method such as grouting method,
however these cement materials may cause environmental problems.

The replacement of cement with a large amount of admixture, an industrial
byproduct, has been increasing as an effort to reduce the amount of cement used.
In the grouting field for improving ground, the rapid drop in fluidity and rapid
hardening of furnace slag in early phase may be advantageous and the strength of
grout material, unlike cement concrete, does not require initial high strength.

In addition, cement is a brittle materials and have poor resistance against tensile
and horizontal forces. The purpose of this study was, therefore, to develop a
ground improvement method of higher resistance, an recently raised domestic
issue, by improving tensile and horizontal force with aramid fiber.

For the purpose, this study used furnace slag fine powder, cement, and recycled

— viii -
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aramid fiber. The calcium hydroxide was used as a furnace slag fine powder for
membrane destruction by latent hydraulic activity. To avoid the environmental
problems caused by existing LW method, various laboratory tests were performed
based on above mixing materials before site application and optimum mixing ratio
was determined by analyzing the increase in compressive strength due to lateral
force improvement, a characteristics of fiber material, durability, and establishment
of compressive strength and waterproof due to replacement with large amount of
furnace slag fine powder.

In order to confirm the effect of strength improvement by grout material,
geltime and uniaxial compressive strength tests on related homo-gel and sand-gel
were performed. In addition, permeability tests to determine waterproof effect,
SEM and EDX analysis to characterize the ground enforced by addition of fiber
demolition agent, and heavy-metal leaching test and pH test to determine
environmental effect were performed.

The results of laboratory tests showed that the uniaxial compressive strength of
both homo-gel and sand-gel increase with the increase in contents of fiber
demolition agent and processing rate of surface agent, suggesting that the
bridging activity caused by aramid fiber in cement material promotes uniaxial
compressive strength. The highest 3-days and 28-days strengths in homo-gel
were found to be C:B 100 : 0% and O:A 1.2 : 1.0% of C:B 40 : 60%, respectively.
and these of sand-gel were O:A 1.2 : 1.0% of C:B 40 : 602 in both cases.

The permeability coefficient was lowest in C:B 40 : 60%, suggesting that the
this new mixed material of this study has excellent waterproof effect according to
mixing rate of furnace slage fine powder and aramid fiber, therefore, is expected

to be used as a cut off wall grouting material in the field.

_ix_

Collection @ chosun



Al1F A

v
Hr

K

1.1 4+9 4

—_
fiie)

=%
[}

| AgE 3 glek

= o

A

(e}

H

Ho
o

ERES

Ak A A A e

2

ol

o8 5, 2015).

S

2 g

s
-

oy
Hlo

TR
Mo

Holuh wHAY, A

K
I

—_
fi%e)

o]
p

]

XS

o
bo

BH
I

=3

al

A=A,
A E AL TANA AR A

ol 313
&g

t A, B2 9

=

doz AT

PR gAt e

S

s

<

b

—_—

0
o

59

el 7)ol d, ¥4

A E =

=13
=

, 1994).

=N
o

o

—_
o

T
=

o)
it
Mo
o

Gl

ol

‘ﬂl
Gitss
Mo
e

| AleR T QT e

3

-ﬂ

sUH=

BEE

=1
=~

-7—

]

ol

—_—

0
N

ﬁo
W

A AA COAEel 3~T%7F ¥ EW=A W E(Ordinary portland cement, OPC)2]

AT A

= o’ (671a =)

=5

P, ARMEFZEANA &

S

ARl me A= e

Z] A
= =t

o]

]

<R

golrt,

3

<
5

%

Advbde] 277k AA AL

A

—_—
o

[
[

HMAHAH FTEZM Oxide EE

nst2 2 37taEEcH

St

k=1
=

==

1 67t=2

2,672C)

51.996, BP

=(Cas No. 7440-47-3, MW

Ay

e oq,

£ o

k=3
=

£
S

tof, Al

5

Oxyanions2 Z=x|

Al & el %

848 of7|3

giobA

Collection @ chosun



]

[e)
j=4

€}

1

=

H e
A

(Silica Fu
me)3)

kel
h=)

REEE
g0
o
7]k
o4 kot
H] LA
Ll ==

E
=

- ‘7;“/!1]0]‘:]_
X] (%EEEH

o T, 2014

).

oH A
1(Fly Ash)?

O] 1[1*’14

=

o

ast Wy
o oou] AE =
rx__O_

(Me
ta—
a-Kaolin)4

=
) Moo=
~ Y T
u ;ﬁ OT NM ‘Muo io
k) m_x ‘mW T \.“._mo _L ]
z B X ﬂuma buxéi,
Jléﬂlﬂlo] ;o]ESo/
TR X %O X o K < <
X rog I F < <) N F o
. EO OW JvArO fie) ,m Erl MVFM 1.!1_ o~ _éo lo 0 |
o 0 oK I ajo of i NS N oz %0
= vmﬂx r = 4@43%% ﬁewrw 2l K- —
i _ \H_OI —~ o AT ,;OIH s 1%0 ) _HL H: o R _— .nM._Au_u
G EOﬁT@E o - 2 - 8 Rz 5 | R 2 SR
a3 2w T c = = oaﬂx z o 2§ X
mﬂ:aofﬁaﬂovﬂ £ M i — ,t %@ AU ou_oﬁa
wlo = P = = I ¢ o g = 2T 0F
. N e1cx5 S ogfoA Ca 2
g ol ML o
—~ o) - 5 rse} &) WL Jas n A.__“__.m o ]
<0 il % o oA o 0 o 8 m E x n
r LTz > 0 o i 7 Po 9 I T
B Y = [N o 3 e M = o
- 0 o r ” i o<
= B b B ﬂ__uﬂ ,w_t 1&“ o Hﬁ o A, ) = i < W o ,,_m_ 20 1
o W 3%?@% _Na._m# P mu.mmﬂD _._uwm mff_ ollﬁmm
aﬂﬁ& < fﬁwf o&mw@ 2 O i s
ﬂa¢+mwm Siger wgzmg%mnwi
TGN Hf T moﬂ ) _ ma Ny zo b i s B o 3 w o .ﬂa
ﬂ.wmn_cu:ilﬂ mﬂdhzﬁﬂﬂdrv%mﬂ% gy A< xﬁ._rmg
= ] " ~ oo R ﬂéamm N waq m_op_ ~ -}
Lut7 _Llﬂ UHJ,ALJ.E_S HA_u O T Hs %
gl o ﬂ;ﬂ = 1% o E feat S o iy ,m.ﬂ s o = .:._ﬁ_unﬁ_v |.AH.__/.._H
%%Eﬁ 5@5,_% m%@&Lxg%%w By 53 w_}m
W o 7 | G = ok ol b 1@ WS ol = oR 2 MQW
W ] o 2T P X o o O 2 A ST . = o R !
% I HoR = 2 - o F s oy T g N = ol =
S I i nTﬂ ﬂg o ovwaﬁ og% Lo o = 0 0
Ema o JM%,@A %mmﬁ_% Bw Hn 230
i A & T = X v BE % < W R
—_ — . ; o < IM_/O
Vosawwa 454wammmAaﬂmfo§ s
N Ty < o 21_ —~ 17_A| 0 X o ~o o 53 o w u_.E n uo m ﬁ__._=HT_ H
) aglqﬂ;;ovf = i ¥onwz
B0l W] b r of — W ) S o o2 w W &
E;M%Eﬂ@ﬁxj;o ﬂ/omi;a ®h £
5T < T = = 1 o = o i x
mqn.fnogAquﬁ%WW@%%ﬂ%Mﬁoﬂ mw &UTM_H
= _ Al < 5 2 W
qﬂ@%%@%wgl quqw%m oI T
giL 7Hmﬂa .oﬂov ~ 3 T i L
o oy o o " L, B M T 2 o Y %azmréﬂo
Laﬂ%mqéaﬂﬂo mxawE H 5 i_mﬂ__wm|
m i?ﬂ%igbﬂg w B .am@omnm_
B =3 s X = 2 7o £ oF 2 WEW
i oF = s =W 5w R cand
o S noOR X0 =) L« z & =z
S ° s g | 2™ i X =
4 i A =) % ﬂugem__o
TR m M ﬂ&ﬂusae_ﬁ
= B Mﬁmwa_wmmofr
\aMoMEMg%gm
e Eo.h_gome
3_______19u._
D._maw_e
Kl

Collecti
ction @ ch
osun



oA washs BEAL PARF shtelth 1 AAZE Fsehe A4
A7e gohol o At FAW + Yov], AdE FagA

-1 %1__ i
of ¥kgste] A =7E SUHE = BEAS Adu ol nREd el a3 AT

T HL Tl s LREY T VeSS ARES FAgE dg A7 W
i glem, Abgshs ARIES] dAu ol el dREda vETes Adets FH

wn
=.
aQ
5
o,
-
Q
<
(N
O
O
o1
rr
(o] mg
i
ik
o
oX,
S
ff
4
1o,
-
o
J{m
oX,
o
Mo
_1>~
o
&
A
4
o M
53
B

taol AlZH fIE FAHScanning)e m AlZolA Zd=E o2 JIX| AEFE 2
z I

X
LMEO|l JtE BE O|XATA L& HAINAE HESHE FRolch FE2 AR xHo HEES dg = A

= T

Collection @ chosun



G. Prussing= 1882d X EWNTAHE S A FHEH2E 4o &3 B35t
e dATs FxEA= AHEES /e @9 FHEd T 60 ~70%E S
of &8st AWM E= 1907d P. Prussing®l 2]&] /e don oA AZAHE
oAtk dEoAE 19109 E#1Eo] 60 ~T0% 74 TiE LRAHNES A %3}
1913978 2A4A o5 Ak So17F 53 7kA] oA Ut

1930 ) &5 Uol A= Thuramentzhal &zl &) =3

1
e WA mEEY vVEY AEE A4St 2AYE EGA B FYse
H

T3 A WA o] Almve PEAANRZA Gk nt FQ o] AFEA TS agske] A
Goll Agds ol A A=g TAYUER ALGddo]l SAFJATHTAE, 2017). £EA
= AWE$ ThuramentE S %H] 1112 Y= DINEEZEIZ9 7R EA4F 213 28Y

|

Z1Zol N TEDEAME B2EE9 70% ool HEE 275 AlE, 2008).

N. Satterheim-2 1953 ] Ax&EH1 LS JEetqdnt o] n=2&da1 22
Blainezt .2 3800cm?/g o] o.& Ab&o] Aol 1 Thurament® t} EZ=7} 7] 4
fEAQ n2EHL B S5k FAHoR
A A AHEEN o, Aol AAAA R ARkstE o] gl

oY ZAYE "M LY BLS
E MY nZARMEE AFsE WA T
oje} e RS RIS Fste AWMEAZRE ARNES FANAS 9T 574
o] Zstrh(vrd &, 2017).

S e nEEH T niEde] B3 A daed I ARe] FEo] A

TE oFAY B AFAEe] A FHelM AHE Ad =AE ALEste] @
7

o] AlEd 3t %ﬂ"—i SA4e A8 nzeda vETe] ASEI EE=
5 s, 2013

7F @tk (A, 2013, BEL S

Collection @ chosun



2014).

w2

I

gh&ol

]

o %

o}
=

e v

AHMES 18

(2009 A+35 (2014

=
[s)

T
Al Al o]

—_
o

rvzel
_er
el

el
il
K

H

=0

A

OH

7.

1

ol
N
Ho

=

file)

= UeEbsh

7

ze]
-

o
Wi

T

ol

;On_u

;Of
]

A

Fe

s

T}

)
=

(2016)= nL=Ee1 v

olds

ofy
=l
T

2&Ya wm

B
4

(2007)

o

]

=
TH

o
=

H7HA(

R4

3(2007)& n2Ed et

=
[€]

o, 12&EY 19 Na

S

ToR

LOT

)

[op}

W)

—_

A

A

5(2013)

Al
2]

0

1S

el

—_
o

i

o

1] 3 3}

=
=

Ze] 24 skA)

)
=

g2 vE

H/d91H(2013)= AL E

0

x
B

—_
fite)

ol

ek v =

=
=

Fow uF

B

fie)

=
Aol Awk 1t

R

g o]

=
o

A @4 A8 7

T
B
ﬁo
W

=
ol

FA A o]

&

T

oo
e
o

g

|

?LE A

o

mH

Al

5 (2015)=

ol A&

HE

olo

o] 12&

b7 9%

S

At

Fol7l Vet m &

b

al 7|

2 7]

S & (2015)

A

7A
B

A E R

o]&

=
=

22 244 A3

]

Fed, 1,500~ 1,600C ] A

&5
H °

& HEFo o

=03
=<

9) A # A3 1Al

2407 v
5t

Collection @ chosun



—_
fi%e)

‘IoH

—_
o

—~
o

il

Bl

file)

oo

iyl

W

(2016) =

tlo
~d

old

wK

—_
file)

juze)

;OO

—

i/

—

) ZD
TR
X

TP
=K
ol
4

BR

o]

el

i
I

A
B
file)

e

el

—

He Aow veow, 4w 3650

al

~

7h

Hr

—_—

o
JJo

0

%

A

e

—~
o

£l
=)

M

o] H& (20178 1E&Y

Mol 22 AAEY

vl &

o)
=5

)
=

ol

ol

N
No

B

sl

= 20%, 40%E Al

A

)
=

HEH(2018)> n2ZEH 1 v

o

o

Aol oA A

AT BN TgE

=
T

A7

=g v

oj X e =

A5

o

o

)l
.

A77h A Aol gl e,

s

a2 v

77}

=
=

bR @A @

Aot} &

o=
- T

o]
o

3

4 =] 3L

&

i
<
ﬂ‘ﬂ

el

melA] B oo A

R

%l

TE

bl

ki3

gk ARk Aol o

o

T3 - ®E A

ZhA ok E3kA =

=
“

EE fLxEI
T7F o] Fo X AL Q.

e
)

2] g

]

Aol m

L
[¢}

tH A, Al

S

SHE/k A0 Wagst gl $5

o}
i=]

OgEE

W

W

Collection @ chosun



Ao, A4zt Aol v

o

il

?]5:]1-/\

a9 27

=
L

ki3

ol ¥

M7t A

}

<
pal

o] &

(Choi, 2002).

ToR

]
oF

0

W

B7 RCHRE]

%% A tH(Shah, 1988).

=i

=

v

=

=

715 5(2013)2 L=

o

il

N

)
W

X
]

A

Ao k" Fuel vle

=
T

23,

5

2] ™ (Geopolymer)11)

3E
=

beleh A
b 12.1%, 29.8%, 51.5% <7tsh= A&

oAM= FAe 22kl B8

ATt

2] L

9

3

ke
=4

Al

Aol A gl 4

O 2 e

(2013)

o

3

ks
=

h=4

Al
_]

3

}

S
T

701
= 1
T =

= Yesth #Rd (20152

B

.

B

%
R

¢

B

—_—

0
o

J

kes
=

Al

o

o

oo

]
oF

re

o

oo

]
oF

TR

PVA(Poly Vinyl Alcohol)12) %

ke
T

o] <1(2012)

1= afgtsto]

H

SkH

12mm¢} 1.6%, 8mm<e] Hj
H, 1.6%°] 8mm7} o

]

0.0, 0.5, 1.0, 1.5%

o =
=

& oz A

Fd5.(2017)

4

A
=

k=3
=

o tzta|d Aol ofsf

[e) /\‘I

.

FX] 283 Sieh Alo]

C

|

o
AA

o]

S AHMEE ALS
ol

i

stel= A3
si=7] o &

Shah and Rangan(1971)

1) =&

ofl

Collection @ chosun



lol RS BdAgsgs 7+2A Wi Ai7 2

Maalej et al.(2004)

oy
J

o
oF

pe
|

)
K
rvze]
pl
el
ze)

il
o

PE(Poly Ethylen)’d-13)7}

l
=

PVAA -

KX
T

Li(1993)

el

i

tdek 2 A3 o}

S

3y

2

of e =

KeN
T

Fariborz et al.(2007)

S|
=

ol

IALE- 7159 1.0%9] Hl&d =2 ARE-

4 49

s

ARG =

o
K

o) - 9)

—_—
o

ALt

=
=

Ay 0.5%<F 1.0%

=
T

9
A&

& ARES]

S|
A=

ofehr) =

1
R

Aol A

e 2

=
=

_?r
EHEY

S|
o

s

o ofz}n|

=1
RN

94 o

]

3

Fol A 2oLk

S

i

13) MFollAM 20oix|

Collection @ chosun



9
el

tel 71 LWEH

°©

=

=

2l olepv]
HIsE 7]

H

=
k)

<)

I

#
A AR} 74

Fouj

ke)
i

o] 7] %

ATt
+ A e

I3

stz

H

S
Rl

< A

A
QI

_"

A -814) 7|

1.3 d7HE R

=]

RN

ojy Moo o o /y = BL
B - = o = = T %
G . S F 3 ®x
= A ° S ™ X
ol . < - < A
%o 1oH e _ — ﬂ.OI
I e L) = T
~ X . Z.E =1 ey =
i SN oy W = y B
oF -5 K il st B ~ T = 53
o) 3 5.0 X Bk EM
1ﬂr & = op 3 N oo ok
N - = S w5 W
X F ) ST
M B .
- R, £ w8 g
o o T T A T
X0 M]o o mmuy o o ~= MH =y e
ur v o N D
- o o o = ™ < o
< OE = C‘# < N m wlArL )
oo ye® 0 Boo= f How
—_ | - s ~ ~ o =
o gz <X o @ﬁ X < um = x °
o = = ot il ~ K H_]L X "
o c " A o o S F N M
S~ R o < S ~ o .
f28s22 T ¥0= g5 E
D A = )
2@ 2 U mad 4
L X fils) = S = = %o 0
No ~ N . X K o ~X N
N i W_T_ 0 T 3 mm Moo 2% O N
FE LR % R P o
wEHEe s AEP = EQERo il
s R A B :
w o Lo A E L g o= R
N R 5 oA T N ]
4 < W Wy oy o B S < A © M o =
3T o —_ o~ o~ —~ N .
o R WoO%o PR ), = — ™M %o m N
o o T ollour < T

1:1, 1Mol)

o}

=

W v

=

2=

g7 wEE(100:0%, 70:30%, 40:60%), oFebr] = Ad(0.0%,

2=
=

D aAl=
AGA A2 (0.7%, 1.2%), 523252

0.5%, 1.0%)

A
ar

1) Ad - AHIE

2) BY -
14) e & X2 2oF ©ojx[2, (54 & dS)oll XMEo| Ho|Zct

Collection @ chosun



T
o

i
el

il

st et

a7

!

(3) FAl

’|,

ATl =

Aot

S

A5 5e SHtad

il

(4) SEM, EDX &4

9 A

ol A A

3]
=

il

A el A o]

I3
=

sk, Al

At

ﬁo

70
Tw
frod

ool

A et

S

ezt

P
T

B7te

3

_‘IO_

Collection @ chosun



kel

=
T

-

Aol 2%, A

A oAb g oAl A uk ud
w, o]

[}
=

o]%

9. F4AF A Zzke] SA6) we) A

=A 37FA 7}

A 2%
% 9]

A WAE w9k

2.1.1 Ma

=

3}k

- = & mm E W W wo
w oy <8 ook
n g2 T oo ok = TN R
d R T
NS —~ o T % o X .
w s 1 -~ o
= U T e RS ¥
o CR N
= i Ho ) oy
C.# . . g — i TL
o1 T _: o0 g 2 oo N
T S g 2% G
© o S oS @ oo L
PR R GENCEE-JN T oo M
~ T0 ) ‘<|_l ot N
G I T
N = = = :
Efv OW — i o o =~ ﬂr o}
(-GN ot 1T er ) ul I o
= T T o odo Koo P T oo
L F o © ol
o o ~ iy
=5 % I —y
o1 W T COle By S CUN—
N o= X ® 2. ¥ o
= oR — ~ I
LA = ) d | X N Ro B
s e T H o o F
o — = ~ " o TN
TET o T gL TS E
o B RS ) ST
= Fn %o n g J ~I
T N ooy o 7 — Y <
wE ) Eo o KO ° g
o ) SN
Fo MO b me < M o A Wo < N %o
% —
Z9A ¢ amEBie BT
o R
s @ o zTESEDY R OLER
Y N P E b ax ~ .
T WA o= N G el
- T - N M,W < AN T — MH @. El
i — — 0O g
o AR X ~ N w0 ./ N T
T ow T © ool iﬂ.

11

Collection @ chosun



(2) 2¢

Ho
—

o] YA A

o

o

s

(3) 24 2

el

il

el
!

B

Ad

BY

Ad

.

94

A4

7 4

4

=r

Ho
=]
B
]

=r
o
Mo

B

| 2R (AN, 2012)

I

El
S

et

_12_

Collection @ chosun



e

213 FHA=E £

3

7} 7he

=
Rin

, AR Tl mEkA o AR &

ol wel 19 229

o

Aol

o]
H

N

Wi
= =
o2 s
,D W W ] |
Q0 T~ :A
wE P "
- .M < + .NFL
— o
= o ox
2 " W w i ™ =
woE 5 5 U« , w] o
=7 o < o ol g
= ~ <V %o TR [ o O = =~
oo = - LY = ~&8
wo - B° s e A =W + ok <
IS L = 4 +
wro @ o @ oo oW wr EP s .
L L—! — = ol
— = ik = [0
- — T Be .- 7
™ 0_-0 el il
GS B
Y T K = v o BT e g
ﬂ ol < =5 3 e mﬁ =
= i o L,
e ol <N .ﬂ, B ol
N ~
1H l _ I | | l | Mk
R I | | JI[d
i =
E_ s o= o 11:_._ ”A
= T ™~ ~ iI]
= = A R RS
= oF |y Y
o i < o W N
e ol
51 —
T _ | | i
G _ r
= -
[t s
,mw N
© AL
= o
l _ |
=
on
N

A= Efg A o] AlWlEL Bentonite(HW E

)

W
w=
Th

o]
H

el =17, F

=5

ok ol
=)

MERE 25

Fa

1
T

—~
fIte)

0
T

oy

wh

ot

63

_13_

Collection @ chosun



ol A

=
=

L R e

SO
N

0

x|
0

dlo

o

o0

]
Newtonial Fluid(

(o2
%o

A8 744 914

o &

[e))]
H

A=

S =
g *

ol
ol

(A ek4) 0.8 7t

<73

BN

7

3

[e)

3 =
g

ol

of o3 2A4dAH. &

3} a7 5

gol A7) o

oy

A]

4

ol

=
[e)

ol A

=
=

W3

s

YARE S bl

’

2 52 MEZA HA

ot
=

HE2AM, =,

= o
=

Mot HES eny

[<]]
=

15) TEhETof 370l 2tA L0l

Zdo| AT FRHRH HSE LEHACH

st

A=
M Ches

i

_14_

Collection @ chosun



AR (W/B) 2l

1

froa
eyl

1) &=-

aebg-ECl W/BHIE Al

tel W/BHIE 200%7}7ko] =LA

=o|7] 93

A

o
N
i

fo1 9%
b |

stel 3t

= =9
A2 E7F A A E o7}

6]:11—

o=z F wivy

232 SAFAAAAN £JE Y

Aotk W/BH]7

-
R

=
|

Ao
-

]_

$E )

ki3

s}
il W/BH] 7}

9]

7N

o
g=

s

7}

1]

[e))]
H

gl 7h gt S

=]
AL

9]

Rl et et

=
L

, 2009).
= Aow delA stk 1

S

AS

=
<

W/BH] o} mhu] &

KeN
T

3

a-E FdAe] AEek Wl

)

o)

o

el

ze]

i/

—

) _Aﬂ
BK

ox

¢

B
B
o~

o
il
B

pa—

0
N

rvze]

s

[ IWater

1)2)3)4

J8" 2.3 Oct2RE HEH tigt 1

(2) W/BHIZF 2 2239-E A Ve AA

_15_

Collection @ chosun



@ HlmH W/BHE 2 et

W

4r

® W/BH|7} & 8%

Np

4

!
oy

B

N
No

o

o

N

o
G

hvzel

Mo

B
Bl

@ W/BH|7} 2 g

oh ey oleh e

@.
750}

B

& Aol A
o w1

st 7]

=
[€)

Tdo A ARE 7}

¢

o wepa

e

=N
o

o %4

ok

0

],

Zlo

Tk
M-

o
B

)

23]

=]
Rl

fe Bdsw oM 29 249 e £n

A|

==
9]

)

o

7
Ko

Xl

XA

e e

(2) Bingham A

(1) Newton -4

8 2.4 @ UHOIAHS et

_16_

Collection @ chosun



]
_gog

o
al

o
"
e

0

o]

R

B AMER F4 5 0

1
T

o aehgE F914

mﬂo
=
wr
B

2 a9 259 ol =3 o] Aol A2 A9

el

nze)
il
il

)
ﬂ

S|

]

o

ol Ak wEke 75 A

3
=]
=

bol fEA7

2] 3]

(Suspension) &4 & &2

€} ol
=

Eﬂ—
T il

)

Gl
A

2l tH(Deere, 1932).

_17_

Collection @ chosun



d
ra

8 2.5 JekRE =cide 20 IHE RsstH oid 2

— TT SO T M

(1) Newton S, (2) Bingham S Xl (Deere, 1982)

d
2 25914 ¢ = A, o5 = ddugeln
Bingham X2 729 #4(Viscosity, n)¥ H 2= (Cohesion, c¢)& 22E3H3HH,
Newton A 4% HAAwS x5ttt mebA Newton A9t Bingham X 29| 7
2 7z ok A 2D A 22)2 Y 5 Ut

T=n o (2.1)

T=c+ (ny j) (2.2)

o714, n T3 %5 A5 (Dynamic viscosity)
d 5 74 (Plastic viscosity)

¢ © 322 (Cohesion)

_18_

Collection @ chosun



o] Zutol wet

T

-

7
NOZ7F AAA F

A gfolAm, A

s

fLE

=]

A

A8t E a1 Colloid(F =]

R

Z7]9

=
=

S
T

ok ol
ol

=

al

] o]

Fo A9 wAY
?;sﬂl—

=]
=}

=
K3

)

a9 269 2ol F9

1

s}

(

2]

r e N B WY Moo o o
N oo NG bR o BN
S = < L e R
) Tow T K R wK X
T G Bl o ¥ S Gt
_El Enw ,_umu —_ B —~ ﬂﬁ — W E._
T w ¥ - g RGN =
@ G o R = oo ® N L N
S ﬁ]u = X B il i S NN S
- o 1T} o B9 " ot AdoE
_i 0 T OC o io. e vﬁ - OL = A_l
. K X = To ioJ N Ty oy o S
M. [ — < % o doox oﬂ SENCIC) Wu
FeeEn = AR
Boxow oy = s Mg M oa oy &
RN o & al k=] —~ T o i o<
N ™ f0 ] 2l <s S ‘_lr% UrL HL.E L_A._l X OL
= = r N 1~ - TR ol T A=
B ny o T
wH oo T o B
T T o Mo 2o
fIY ¢ B . ~ e u- Poﬂ 0 ‘_.wrv
= o ol ) N
R Mo — B % T o om
F oy o~ o % 29 I
o N X X~ oh U = SN |
oY PR sw 2w
oo WA mlu " w_‘_ = mﬁ MM W K o B
\% dAl R .Zl ! 0 ,rl;l
o T 2 - X . ol K
e s g T TE LT oy
Mo S M ow ! BT o e
,lv_Al E_l nA_.O O_ :.L o} ‘% liw_ o W D 1__/I
— =Zn ! )
2% oy © @o 0| o T o5 o W o o M
wp 1T W e = < =5 N
IR T-d )l A L
Ty g By O -
T o= cil DGR © A o il o W
T T AR i Moo g B 5
T * T B al =0 T e Vo mm !
I~ o mE ™~ o
mﬂm = W WL o M = Mm oF o o
N g o % o e MR R g M
Gl R it "ol B T
b o N WY X o WO E A

Atit ol =2t 1,00084 ol&k =,

=]
e

Az, 2Eo
— 19 —

ol
=

°~10 cmel =7/ 7t

Jbx 10°

=

=

17|

X
()

16)

Collection @ chosun



N

o

N

4r

3 gedo] glth b ofe

=%

[€)

71T

g, AR A

)

o

o

—_

<

,_.&.o

A=

=

THEM Darcy® WA o

=
-

]

=

o
ow Fee ¥AF & Qrho]d4, 2009). &

A, 2008). o]

A

1998).
4]
A

Hu &8s o] gluh mhA ez A

4

—_—

o
o

A

o

I

ol)
jant

(2.3)

Darcy ¢

-

of HsjA ol AlQtE o] Urt. ojH A

o}

i

0
pal

o srulel HlE
7Hgel A A (2.3)3F 2ol =tk

1

R

o}

1

9
yil

3khr

& 74
un(Rg—r3)

z%]:

3

O
@D Maag?9] 2} (Nakayama and Okano, 2013)

2 ]

Al ZH(s)

o
<

OH

N

1

oq71A, ¢t =

Al 4=(cm/s)

43 (cm)

(

Collection @ chosun



a8y Maag®] 212 Geltime, =% AZE 171 Wil

TUSEE HEtll= A8 dAske, 4 Q49 22 84S A

)
o
N
hines
ey
Lo
ot
1>
&
rir
iy

_ _anB 3_ 3
= S Akhr (R*—1%) (2.4)

~

971N, o = DFFAE
5 = ckole] BHAAS
A= Fgu

@ Karol®] 2] (Karol, 1960)

FAATE ARre] F=om AT As P8kl 4 (259 2ol AljbHE A

r=6.2x i/%qxt/n (2.5)
A71A, r = AFAHY(em)
g = 9 HF(em¥/s)
n = =5
v =899 Hx A5
t = TYAIZHGsS)

Collection @ chosun



FAA7E AFEES =ol7l AdAE FHAI AT FE8] Aolek

??
<
@D
5
N
-
©
(o)
*
rir
-y

dA ek A 7}%?‘& & Akl Wi AT Addd, 4 26)%

= (2.6)
Gss Gys

A7te] A7bARA 15%, 10% 9174

A=
Gss, Gy = TR A3 7HA =709 85%, 95% U7

Mitchell and Santamarina(2005)2 EA}ol A 1E}$-8 A
Aol Hat HEA AlFZAT, 2] (27)L o] &3ste] BAHI}=
Aol FFE JAES e

Dy = ERA 43HAFA 15% 97

Gy = 94 YA H A 85% 34

_22_

Collection @ chosun



Gos " (ym)

74

34
52
50
27

Gy~ (m)

67

25
26
18
15

47

W

—_

=

1o

Zol=

=
=

ﬁo

—

Fae] 95% ¢

100m, 2P HAAHAE 10m o2 7}

I E

l

1 g A]

1o},

=
RS

Z}7F 300gm, 60im, 30pm <]

—
o

1

9
“

R
o9

o

&

t7] 9

o]

R

-

4

ot

s

9

=
108} H = 7ok

Jof] i

=

=

ok
OF
=]

o A

=N

[e)
T Aok %3 Geltimeo] 71 wj

(26)9 BA

1

o] AujA o gof
3
=

2]
A A}

Aee
A7 =
_23_

5] 9244

=
, 2015).

<

277 griHom A7) Wi 447t 2 wEA
o F4AF7 10%em/s AEAA ] Aol ALg

Kravetz(1958)2] 4] 2 (2.6)<]
5um~15um A==
um 7 o] T,

ot
Collection @ chosun



=12
=1

8917k Sk

o

-

A 29 273

FAS7F 10 %em/s AR Ak 712 HAE 7}

Dete] #A e o

, 2015).
King and Bush(1961)

Bupjoed }ses00] ——

A o

B

O - o

m © ‘

X 001¥Q/P ‘9oUBLUS JO [BORLD
X
o5 oE
R0 RO

9

—_
N

-

TR o &
T B

—

(=)

Il

e

BRI 5, 2015).
)

KeN
=

AF
o}
3}
%
0.41D¢

40

Void ratio. in(%)
ntel 2 (King and Bush, 1961)

_24_

o 1
=

3

2
(i)

g 2.7 d/o(%) 2t

Collection @ chosun



2.2 18$49 F

e
i
Xl

221 FAAY =F 9 EA

(1)

= WHE=AH

[t

ke

AR 9F 4 (Korean industrial standards) KS L 5201 ¢J3dle] TEU= AHEE=

5744 ERE PRHD, 0 54 ¥ 229 P

i

|m
=2
=
ol
=)
=
ol
ol
s
=
E
)
_%
il

>
&
Au)
o
>
=)
|m
=2
=
ol
o
=
o
o
fru
oy
i
N
T -1

oA 5% TEUE AWE(]E A5E AWE)E Gade] e EALY Astae] o
A7l Qe A ol £HH A YA 1BE guolth A5F Ades] B
BT = 2800cm/g o) ®E HPYE S 0.lmmeol

_25_

Collection @ chosun



xa]
N
N
H
i
m
n
>
2
Im
lo
Mo
©
1
am
0x
ry
fx
EJ
M
i
N
o
o
«

= =
] 1= 2% 3% A% 5%
gt =
- ) 2,800 2,800 3,300 2,800 2,800
Roe | 0 EEE(emY)
o] 2 o] 2 o] 2 o] 2 o] 4
2A(3)
Amel | T 0] G0olak | 60014 | 60o)4 | 60]4 | 60014
A (:;) 10013 | 10018+ | 10018k | 10018 | 100]8
s7 -
NE
O | B | el | 1| asel | el
= En
Al = 3750138} | 3759]8} | 37508} | 375°]8F | 375°]5f
235t 79 700] 4 600 4+
(cal/g) 28 (80°] &}) 7007
. 1¢ - - 130 - _
S
. 3 130014+ | 110°]AF | 2500]%F - 900] &+
(I\jIJ‘) 7 200014 | 180014+ | 28004+ 7504+ 160°] %+
a
b 239) 200014 | 285014 | 310014+ | 180014 | 21004

_26_

Collection @ chosun



o

o
bR

p—

o

o

o

)

Al ApgFol S

S}
=]

st wjzel Al 5& OPCe}

oA ZAES 4

22 A9

ol o

o]

B

=, 2003).

oy

HH

e b7k Ak A

J

=

5 A

=

3)

277}

ol o
15

kel sl

2 AWE

hya
ar

PR 5ok

A3

OPCe}

KR
y

HAAHEMicrorWE)2 =24 42

el 7] o st

A

AA4,

Z

3

iz

_27_

Collection @ chosun



H 2.3 UM sIsHd2(AE 0SS, 2003)
7 % Micro Al E (%) OPC(%)
Si0, 285 20.3
AL, O, + FeyO, 66.8 695
X 247 FYEA dirdl JdEFxEe] vHuwE YEeRH Aotk OPCY 4% FHud
100gm, Fr ¥47do] 17mA el H]&] MicrorA| MES] A= HNG Ao 24um, Ht

H 2.4 ZYMo YT2L(AXE, 1999)
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Soil-Cement g 2])e 1977 w=olA  Amies’t 53E Ao
Soil-Amiesgt= WA O E EZFAAA F2Z AL H S E}. 19293 Proctorell €] 3}
of o3 W 19314 Flisofevel]l oate] A|RIETE & oA mx=

AAAReZ AF7F AZE AT 71 F 19354 v=e] LEWEAIME H3| A o
T Foll ETEN=AMES Sgeto] AMES A77F Al E e 2 A3 South
Carolina F°4 20,000 yard®] =2 7]&&Abel AFEE AT 2 T2 vld 80,000 yard
o] o] g -gAtel H-&Ho] gkrh(e]FAl, 2006).

1956139 += North and South Carolina 2] Ao ZE FHutde Ealda,
v, d=, 5, dES ¥R a5 vdds, Ax, dejof, BAu A e 5
NA &= a2 ARSI THA ST, 2008).

CeSe AHE S3E FoA 7 B2 Aoz =3 dhgstd Zuta FAksh
(Ca(OH)2)# A< F3=(C-S-H)< s & &7 w&stH 2 Ca* ™ 7F &
Ha, NG = Aol HH, HxsdEH ol2W FAst g AAol ME
k. FAlel (SiON'* = FakshatAl o] (Si(OH)s)’ ™ &

o Adsto] abzE FstE (C-S-H)7F A4 o]
Sx/do] A e AAA A

j

ol
Gl

C;S9 FIAARYL W) e et gk,

2(C,0 « S,0,) + 6H,0—3C,0 « 28,0, « 3H,0+ 3C,(OH), (2.9)
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AR A = A epA Rkl A EA S
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S.C.W(Soil Cement Wall) &% 3} ﬂ—’—,ﬁt—"% TH 59l
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o= &9 AdHAd w}a} ‘:V\ 2}017} Ak = "}ﬂioﬂf‘ib A2y Ui Eal
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a9 32(a)= Geltimes 57487 A8 widate] freidol AA & wj7bA v o
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st | B | AWE | nREdgo | FAsdE | B | 39aA | oign =
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(100%) (0%) 0 220 1 704 0%
125 125 77 33 13 187 0.55
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44 66 1.2% 11
(40%) | (60%) 66 154 (1.0%)
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(100%5) (0%) 0 o0 0.7% 0%
49 21 0.55
30 (70%) | (30%) 21 29 (05%)
28 42 49 3 1.29% 11
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(a) AY + B9 Mixing (b) FFA18
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Preparation of raw metarials
(Concrete sample)

Granular sample Granular sample Monolithic sample
(Grinding) (Grinding) (No Grinding)
Powder type Aggregate type Cyclinder type
(5 or 4mm under) (32~16mm) (Dia. 100%200mm)
! i !
-BS EN 12457-2 -EA NEN 7375
-KSLP BS BN prd-d -NSF ANSI 61

Test conditions

-Leachant
(Distilled water, Seawater, Artificial seawter)
-Leaching times(5 Methods)
-Ratio(Liquid to solid, Surface area)
-Sample(28 days & lyears)
!

Analysis items
-1CP(Cu, Pb, Zn, As, Cd, Cr®")
-pH meter, conductivity
-Optimization for leaching

& 3.10 Leaching test &t&

2 AFoA = ZATES AW HeRE AL & T AVEFAHAE
WS o] g3t aF-EA Ui SSAEUHES FE&3n. duty oz HUE
SEANTL EEAEE 1YV EL Y (Granular) = 9@ A (Monolithic) 3 &2

2}
§EARR RuRHe) ARE Agat §EAREH Fulo) WA DY

=
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Sample
(Grinding powder type)

Exact measurement of the sample

weight(g)

Distilled water(pH 5.8~6.3)

Mixture LS Ratio 10

‘In the normal Temp. &Pressure
-Shaker(4~5cm, 200rpm)

Continuous vibration at 6 hours

Filtering
(glass fiber 1.0ym 3000 rpm, 20 min)

Sample of filtrate

Preprocessing by standard methods

Measurement of heavy metal content

by ICP

8 3.11 HOIS2SF3AELHO [H2 Leaching test E Xt

4r

(12~13) ®$19
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T HAE71F (mg/0)
w (Pb) 3.0
T 30
H] 2 (As) L5
7} = H(Cd 0.3
2 e(Hg) 0.005
67122 (Cr) 15
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41.1 EAFAAE v & W& Geltime 4

(1) THFAIAE 0.7%<2] Geltime &2

9 FAAHE 07%d BF o= A(0.0%, 05%, 1.0%) Bl uwht
= wAsEH 19 412 ofgml= H7F vl&& ‘AR ®7IsHR A, WA

Ag H&S ‘0’2 ®UIEAh

C:B9] HigHd] 7} 100:0, 70:30, 40:60%d w FAH2e] 49 33 =

215, 3032 % 7FY4 =& GeltimeS 7FA 1 dom O:A7F 0.7:05% Y

%, O:A7F 0.7:1.0% ¢ o 101, 167, 245% 2 EFE

CBe wig & n2&Eda vEZe o] 30% F7IEFE Geltimes °oF 50%

St A3ds Uetdidon, O:A9 g & ofgtr= AFe ko]l 05% 57t

G5 Geltimee °F 25% #Aashes A4S UHeHAT o= ARE ko] AT
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e T

7
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—m— 25|
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2 200
o]
£
£ 150 I
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(2) EHFAAY 1.2%2] Geltime 4]
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100 : 09 3.63 4.39 4772 5.14
0.7 : 0.5% 70 : 30% 4.47 5.03 5.22 5.75
40 : 60% 4.66 5.48 6.24 7.22
100 : 0% 426 478 5.13 5.84
0.7 : 1.0% 70 : 30% 4.86 5.59 572 6.13
40 : 60% 550 5.94 6.61 7.43
100 : 09 4.02 453 4.85 5.74
1.2 : 05% 70 : 30% 4.69 5.38 5.54 6.09
40 : 60% 5.10 5.81 6.56 7.26
100 : 096 443 5.23 554 6.50
1.2 : 1.0% 70 : 30% 5.00 5.84 6.00 7.05
40 : 60% 6.10 6.26 7.36 8.09
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11
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o
H1
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og
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=
i
M
10
Of¥
o

T S5 5, (g/em?)

O A C : B 3¢ 7 144 284
100 : 0% 2.04 2.05 2.04 1.76

T2 70 : 30% 2.06 2.06 2.10 1.82
40 : 60% 2.06 2.10 2.12 1.84

100 : 09 2.05 2.05 2.04 2.05

0.7 : 0.5% 70 : 30% 2.06 2.06 2.08 2.11
40 : 60% 2.07 2.08 2.08 2.11

100 : 0% 2.16 2.03 1.99 2.02

0.7 : 1.0% 70 : 30% 2.17 2.07 2.03 2.02
40 : 60% 2.20 2.15 2.05 2.04

100 : 0% 2.06 2.06 2.05 1.88

1.2 1 05% 70 : 30% 2.07 2.08 2.06 2.05
40 : 60% 2.10 2.09 2.09 2.06

100 : 0% 2.06 2.07 2.04 2.01

1.2 :1.0% 70 1 30% 2.07 2.08 2.07 2.04
40 : 60% 2.09 2.08 2.11 2.06
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qu = 1.243(A) + 0.028(C) + 0.045(B) (4.1

A7 3] W SR A, zAze] FEUS F olgvm Ag, AWE, w
g m R Alg 1.243, 0.028, 0.045= olgtv|= A/7F 7Hg 2 WY S gQlst
At

A% 28] we FAA thEAARY A,
Zawae] WEDd 998%e] Ee YUEES eh
X,9 Pgto] 0058t FomE B §3 »
X, X, B 2mth 27] W] Z7e] %9
Stk Aol 28%00) uhe HFARAATE E 473 21 B Bl A (429 3

A2 Ak,

I 47 THE 28201 IE SIS 2D

5 = A A xFAk t7¢ Pz
BN W 1.086 0.263 4133 0.001
AHIE(C) (g) 0.043 0.002 19.431 195 x 1077
ufj;g_%fﬁ?g) 0.069 0.003 20551 | 1.02 x 107
= LOSB(A) + 0.043(C) + 0.069(B) (42)

A 28 wE 3lAEA A, Zte] FEES F ookghu = A, AIWE, 11
Zd 7 vEEe] A4 1086, 0.043, 00692 oleln]= M7t b 2 WMEe 2l
s} ok

ofgbm| =90 M= FAIA WolA &3 kA, ARz RS Folil F35t5 o
AA Hell A A getr] wiEe] o= AR wiE FAIANA Ao

e A FRueE e AS gol Ve,

B

S g o
[} =

ol

&

o
b

Moo
X

H

-

7
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4.4 FFAE 2%

44.1 5=

A9 AHEA

FrAE-S A (4.3)7 2o
k= QL/AHt (4.3)
A7NAM, Q TR H(em?®), L NHE Zol(em)
A FAA WA (em?)
H: 52 (em), t « SHAA(s)
2 (4.3)5 AEste] 1 48% Zo] FAY AAE glstAth
T 48 £&AE 21
s | am oae | SN | ssa | 2gan | megs
/\] = ) ¢ < = ‘?i/iﬂ T i ie] U T T AT
(em?) cm) ) (em) (s) (em/s)
(em?)
CB 13.17 15 176.6 19 600 9.8x10°
(100:0%) ' ’ ’
CB .
(70:30%) 5.61 15 176.6 19 600 4.2x10
CB -5
(40:60%) 2.32 15 176.6 19 600 1.7x10
I9 4108 B AGFAtel 7|E JfEFH ddk g s v sk
b= 5(2004) 2 o] % (20100 HIAHH AWME, vlo]a 2 AWMEE o] &3 F4
JS A A 247 50x10°em/s, 8.0x10°em/s = e} CB7F 70:30% ¢ 7
o} fFARSE AES YERY ST
n2&EY 2 vE o] 30% F7FESEE oF 20 o FATE FAEE S
olgt 4= lom ol uRZFYZ v To] JATIY AlolE Ao B AFF T
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dJehle Ao mant. AAAFAN 18eE A5E 9AY 0 538 /)@
= FAGIE 9 10x10 em/s ©)5 Ag A7k Sk we
Gk SN B ATl A AR ek ES] 4% cm 1050%3 1 A2 17x10°

0.00012

9.80E-05

0.0001 -

8.00E-05

0.00008 -

0.00006 -

5.00E-05

A% (cm/s)

4.20E-05

0.00004 -

1.70E-05

0.00002 -

1.00E-05

C:B(100:0) C:B(70:30) C:B(40:60) FINE GRAINED MICRO IN SITU
CEMENT CEMENT

d8 4.10 Xk 22 E M=0l OHE XM=l 24

18) siztotct x|gte| &ef7t SLSHR| ghot £t 7|&& Fstolol of2{Zol Ut
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717
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Njo

2= 1EH-EA)
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49 ~ 80Mpa
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45 SEM ¥ EDX ¥4 474

4.5.1 SEM &4 743}

SEM A& A4t BAA 5S4 meh 2e-EA WA ol = Afok AlWE,
AEsYT vEEe] Al 1714 gpetsly] 913k Aoz dFUSAE
4 A g3E AE ARS AFEsEer, CB 100:0%9] AlfrrAde] A % F4
g A= CB 100:0%¢] ofgtrl= A 1.0%WMEE AsE Aty FsdddE
A FEE A o ste] AAskA

SEM Azatdn|dow 19 411(a)+= CB 100:0%% AfFE7A o] A &> AEE
AF skl 260M &= AEARE ARIEY olal, 29 411h)= A" ASAIRS

AEUS 5000 &= sty g Aol ol ofe] dgolEol Hol = AL &

A = U=, o= AMIES] Faer]E glE )

(a) 250vH & (b) 5009 &
8 4.1 287 A=2 SEM ArE

C:B 100:0%9] O}E}HIE AT 1%7F 23 A3 AEAEE SEMez 43 23t
a9 4129 (), O« AFE ASAES Z2EHS 1000 L, 25088 3 500 & =
gl ’5‘} [ - 41201]*1 B=ukel ol opgtn= {7 akEAC AgE o 9l
T FFer 2o FAAE ofgtv = Aot dAASE stRR el Aty
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b / -~
Std.-P.C40.0  HighVac. x100 SN 100um N n St 0  HighVac. %250 100um
6615 May 11 2018 6609 May 11 2018

(a) el A= B7e A 51004 £) (b) thaFel A= B A= (2500 &)

() Bl Afrz nad A =(600m &)

8 4.12 Ol2t0IE d57 AIE2 SEM AR
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4.5.2 EDX A7 %

B od7s B B Ang RS A5kl EDX AL 3
A% 24 F AR ARl A st

=
A3} gho] Aolstr= 17He] d5454=

EDX &4 734, ol e Fo AR LE Ota)ek C('A), Ca(Esw), Si(t
Z)E YT 3 s 10% T Soll AN F ), Mg(vk2ul4), Na(WEH)

o das /\]EﬂEQ} azgda V2N YEs 949S Flsiith

#® 410 ~

H 4.10 C:B(100 : 0%)0ll CHEH EDX =4 Z

oF o]

A R S = FH Az
. Spectrum 2 3’6‘% 61'%‘?;]—/11%
O 45.26
CB
C 17.26
(100:0)
Ca 14.37
D_|||||||s|||a|||r|||'J|'_'f||_|||||[||||l|||l||| .
0 5 10 5 kel Si 13.40
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H 4.11 C:B(70 : 30%)0ll CHEH EDX =4 Z 1t

A= S T
l Spectrum 4 3761% —‘:’—jlﬁgr%_—]ﬁ%
O 45.58
CB
Si 16.36
(70:30)
Ca 16.10
D_-i"l[l'll|l|i|l|a|l||||'_|'IL[||_|||||[||||:|||;|||
0 5 10 i kel C 15.06
H 4.12 C:B(40 : 60%)0ll CH&t EDX =& Z 1t
M E g A d A
l Spectrum & ?) = '?jl%—%]ﬁ%
O 41.63
CB
Ca 19.89
(40:60)
Si 17.27
D_|||||||||||a|||r|||l":_|_|'-||||||||||:|||l|||
0 5 i) 15 ke C 13.63
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Y AT 24

4.6 BAHH} NPAH

0.467
0.285
0.092

- 101 -

C:B 100 : 0%
C:B 70 : 30%
C:B 40 : 60%

<R ol X 4 e o T o How
MM g A oR g N oy K o) K ﬁo 1)
by MOE R S0 WS L X
~d= % S m e X TF ™
CH I %B_Aﬂw%%ﬂ =7
- X — N O.ﬁ S To _
STRICN X © i o T
i RO T 5 op R 3 o) ay ajo T 3
X 1 m AN OO = ﬂor . OT
&= = S o — oA ¥ o
woH R v S a2 E T om 5
EE S -
~ ~X B ;o= N
mm W = mm % O B T 9 Ma = B R
z B0 a7 = R o W o= S~
h < LRI <
L R S T oS ol mr S
do F ML o T S MR BE R £
~o do B g o Ho < oo o -
o} m_u. 0f = m 50 d.ﬂ ) &.e _&.E & S
= [ wm 8 g o woowooGe W _% i o 5|2
Fettes SEFmex T
N o Wmm o ,DF 2l < T i 0 Ho 4
WWW ﬁo M ~ o ox ﬂE T o) r; ﬂ 5.0 w UT.C ‘A,.g JU
iR T K T w1 Nfo
LTy awsgenr e T
Bohow oL © 38 FE Aoy T
) ﬁTI U;A - Q#O 2” A.“ — Wi ;OH N Of \H—Ol q
oo B 2l ®ag 8 Ho o A
,HOW ‘zﬁe &o OE En_ e = [h B 0
Bm g ~ © > o & RN s A
,ﬂm_a#aﬂmwmu.,ﬁl@%% w oL ®
x K < ®H F T 7 =z
O#Eﬂhozﬁﬂg@z_mmmwo Tpm -
~ 0 N - ~ o
M#o oM el P % % _m1u B mm - W W Mm ﬁ mrﬁ 00 o
e H o= T o <Y ~
oo = T N a. T W gy gy Woode i 4r N
B0 Sy X do A W oo m omr o=
N R Al B T
N ~ HT_ mm &o ‘ul 5.0 ,Er._ £l Qv 17F — <
o mo KT L N Ne ) oy N oo
CECCS £} Mo B oM Wy o e =5

Collection @ chosun



4.6.2 pHAIE 23 &4

EE=A 59 &2 (pH) %ﬁﬂ BEFS

C:B 100:0%°ll A1 e] pH &=A18 A3}, 4841 = 10382 HESeH, C:B 70:30%°

A= 1089, C:B 40:60%914+= 11312 1=2&3

054 F7tste A3dFs Ut o= =&
2

B
=~
=
o,
M
ot
N
=
o,
\]
é
i
o
=
%
o

el Al Aok vza Ao
Aol wet §EHE pHt 2HH9S A0 BEHY, 5 BAHA ¥EL 09
stol ZF2BAOE ASFORA A5 TASEA] FFRRAVE ) pH 45
A FFE S BaAAT T Aow puad
H414pH EE ANEZ2H
T Oh 0.5h 1h 3h 6h 12h 24h 48h
CB
9.50 9.57 9.68 9.76 9.84 9.90 10.26 10.38
100:0%
CB
10.20 10.30 10.39 10.44 10.49 10.57 10.85 10.99
70:30%
CB
10.69 10.73 10.78 10.82 10.89 10.94 11.16 11.31
40:60%

19) Zalag, wols, HUN, MAH S2 usd sl @MS 07| Slsl Al8SHE 232 clojard ze

2] 0| E(Diisononyl Phthalate, DINP)2t Cto|AC| Al =Etef| 0| E(Diisodecyl Phthalate, DIDP)Z7t tH ®& ¢l FtAstA|ofct.
20) T=&M MR 225 WX5t= A
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13

=—C:B 100:0%

12.5
=4-—C:B 70:30%

12

4—C:B 60:40%

11.5

11

pH

10.5

10

9.5

0 0.5 1 3 6 12 24 a8
S A THh)

18 4.13pH E= M2
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, Pp.45~
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, Al 16, A1
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28. AAE, Ao, H9H, A¥E, AALQ015), ‘A E 1R2EHg 1 EF ARE §

P, FAYEGT S =7, Al 274, A 25, pp.115~125.
20. 213, “NESYT MRE AERS B ZaEe] ATY P T 5

B
Aol weh ARAH A7, FRAA AN =LA, A 17, A 135, ppA3-50.
} &

30. H9H AH&3E Soil Nailing 5®9 BRAEd AT,
MALeES) =, T sl

31. AW 21(1998), Al AW o] &3 A, e

32. WA AWFE(1998), “ol =N e AukFEdAle] FA HL, oS E RS
3] =wH, Al 189, Al 4%, pp.531~538.

33 AW, ATF, LWD(199), “FFARA FAE EFA FHe Wil #

rok
>

3

N A A, feEEes] o4t Rs =53 pp.635~683.

34. HATH(2013), =W R Calcite HA& o] &3 Hefjo] Mgl nadgy
A, upAbebgl =g, 7 Mo eha

35. 871, olE ™, SAIE(2013), “wEIA} nEEWHL VLS A& FHfF B
74 RCHE Fx24% B71, 2 ESS] =iy, Al 259, Al 535, pp477~434.

36. S=F3]FA A3 (2010), AHAES gk oo} A Korea Cement Industrial
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37. &=A TS (2006), ARkFIA = 6, DA, A NFF S A

38. @A E83(2005), A2z

39. T, AAZ £34(2009), ‘wREHL nET] 3L Frl wE uPT

z

magee g4 54 247, @FANEBAUTN=RA(T), A T, ppb2~

40. AT, £49, 379

41. 3 €4(2011), &4 225" Az dF 484 A7, AAEY =8, G et
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