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ABSTRACT

In this study, the objective of the study is to evaluate the effect of calcium carbonate powder, produced by the microbial
reactions, on the strength of soft ground (sand). To analyze the cementation effects of calcium carbonate powder produced
by microbial reactions on the strength of the sand, six different types of specimens (untreated, calcium carbonate, cement,
carbonate + cement (1:9, 3:7, 5:5)) were made. The specimen were tested after curing (7 and 28 days). Uniaxial compressive
strengths were measured on D 5 cm X H 10 cm specimens. Based on the test results, as both the weight ratio and the
curing period increase, calcium carbonate, cement, and calcium carbonate + cement specimens showed an increase in the
strength. In addition, compared with the strength of the specimen with cement, the strengths of the specimens with mixing
ratios of 1:9, 3:7, and 5:5 (carbonate : cement) were found to be 93.5~95.8%, 825.%, 65.2~70.6%.

2 X

0 ooooo obuo oo 0o ooobobo boo UboUo bOoO@wo)yo U0 bbb Dob bobooo goo.
oooooon Oooo oobodo 0oo 000 booo 00 600 case(@O O, DOOO, OO0, OOOO+00O0O(1:9,
3:7,5:5)0 00 0000 00 0000 O00@%, 8%)00 oooO(¢o,280) 000 O0O0.00 Oooobo ooo oo
O 000 00 o000 oooo 00 0go0o%, 5%, 15%)0 0000 D Sem x H10em 0000 OO0 O OOO0O0O0O
0 ooooo. o oo, 0b0o0 oooo oooob boobo, oobO, o0o00+000 00 D00 boub boo
ooooo.0o0 000 00 0o boo 19, 3:7,5:50 0000+000 000 000 00 00 93.5-95.8%, 82.5%,
65.2~70.6%0 OOOO.

Keywords : Microbial reaction, Calcium carbonate powder, Soft ground, Uniaxial compressive strength

1. 4 2 ol = FAEE ofgfe-& Fal Qlek oo a&F
Ql BA] o8- 9ol 1Et AHRA R efskA] okt

1.1 978% R =5 =Rt A EY Aol AEAR AR AoFAt A%
ol thgt ¥ilo] AFEs] =oAL Qlof AkANke] Tk

T g AP wet =7 7RIS FAL A o olet e T Aoy, AlaAle] Afate] W @5t
A gz st W tAE 7HAAL Qs vl Hs) ARl Ao AHEo] AAES sH4EtT W} Zol
: : U7kl Qs FAlolH, ofitsbeta uiEgolehs =414
Comeponiig ashor A WA AT PR ke 251 ek kA A
Tel: +82-62-230-7607; Fax: +82-62-220-2687 517 A 2AlS Aarsle] AEkA, AT Sus) uba] 29

E-mail address: dkimgeo@chosun.ac.kr (D. Kim)



AR G| Zlofe Bast Q, e RS B
YA gk ST AR B SO BAS s2s)

Uz ZQ 7t Qlci(Park 2011).

TF BRHA)A bR giEe] $& X 27]7}
S351A] ka1 3 a1 AL Q) AR Aol Qo] AES}
Lo qledEo] U o|Ak E3HE A9} wkPark and
Lee 1999; Park 2010). @R EEE 2 E “&514 12
HAE R AR ardE AR Yo dEY HEeh
L AFEo] HA} x|ute] 7rrof n|x|= Jgko| tist A&t
gt Bt /SKWEJCHOIE stda é ‘I‘J{Park et al. 2010).

my Ed

o
ok
4
%0,
(o]
d
1:1;‘2 r
4
o%
ot
e
e
o
rir
Wi
1
ox

@ rl'E ol

= e
-
=2
o)
rir
N
B
!
)
jus
T

o o
Ir
r
<L
>~
e
i)

tlo 1o
:?L
0%
ox.
i

r
e
i)
n? r
il
2
oo
el
)
L
1o
)
H1
ey

2 ox
of
oot

o

(
A

s
A
oflt
Ruli el
o >
2 A
Dok
of
S
N
()
of
S

N
o
r
S
N

E i
o
)
X
of
ol

f
)
paca
o
n=

g

\
>
=
[m

o
s
N
(98)
>

o
\i
>,
Q Un
o
offt
ol
T—ﬁ
It

o 2
ne,
Ay
4
it
d

1
of
ol

Mo e = 1o
)
o0
ne,
NOF
)
o
_>‘i
=2
o
o
S
S
Y
of
_\::l‘
o rit
el

> oo
M o
>
L xR
o i)
o
ol
o ok
wo o K
31:o oy
i) i (i
N
W ol
g
(i
j>
>,
=
gﬁ O
=
o,
to
1o

<o
it
N
=
1o
cﬁ
rE
&
=ha
1%
gr{:
2
o

, 15%

il
> o

UI

A
N

~

T AIES SEHoR A 5 9
A21 biopolymere} 4714k A&, Al B32EN 52
AN FHo] chepstl Aol 3 g Aot

(Lee et al. 2012; Park et al. 2012, Chang and Cho

53], & &ol EAst= 4 W2 v|E F B. Pasteurii

HKCTC 3558)¢] AY-spohits= ol A== 2=

(CaC03)S o]&3dlo] kxS 11 43K Cementation)s}

= A7F =l 9 g AARSol sl ey E o Fick

(Kim et al. 2012; Kim and Park 2013; Park and Kim

2012; 2013; Mitchell and Santamarina 2005; Dejong et

al., 2010; Paassen et al. 2009; Wiffin et al. 2007).

TR S5t YRS o] §5te] HES FAA

7le A= shalen, nE 1kl 215 6 14

2 HIESHSH=SY H14A TS

L

) A2 50 EIEE §
S EABYAY|2 ST 2, S00kPa o] 4F0] HES
3 QAofA|ute] nj4E 1A 3
g = QIATHKIm et al. 2012). E3F 7]2&9] biogrouting

Ql
o FAKY T4 olde] = ST HAl e A
&
Nl

f

(¢
=
[0
ol
2
k=
N

3 %ME‘ & wgon A FYsh=

HJ 1
to
£
r1r &
o
=
o,
=
=
o,
ST
=
(o)
=
N
[\*)
S
o/

ICP(Mlcroblally induced carbonate pre-

cipitation)H}H-& o|&3le] n|YEa} v QNS HiEE

U B AEUEAE L AHUHAFS B9 4= A
sholst= Ayt A glok

Dejong et al.(2006)-2> SEM(Scanning electron microscopy)
£ 5ot FAE] ARt nAlE A2E A2E Blaste
At £25 Fa 2:1 HE= A2HE =53 Al =zof|A
190m/s, MICP2 A2 E AJ&2oA] 520m/s, 112 &%
Az A 610m/s= F=0| F7H EHRlst:

Soon et al.(2013)& MICPZ A 2% ZFEA Atk
BrE 1.41~-2.644), A 2o s 1.14~1.2502 A2
AlrHT F7Hee 2lstlth

2o Ae- WY oR Qg %XWEW of-5-
@] A8Aol Holx= wAIRE 7HAAL 9l
biogrouting®] 7|'dE =43l FAIA|o 1‘1}%

Ak, 10MPac]Ao] 2 7he Aglont S0 ol zho.
B F=E s 3717 2 2 i wiE Aot
Z7Eo] F9p RRolAe] Bt

QIATH Whiffin et al. 2007; Paassen et al. 2009).

A ST AR o] 243 Sand
cI851 2 E7H*U S Sl Tﬂoww &

or
Mo

Lt 4"%‘1‘%'3194 ‘%*J%}%% 4’%%‘ *ohﬂli B %% 7

. BNA AEYY Q3R

o AEF ARAVRE

O

2 _l

=
= = =] O =] = =
ZEARE Bo 42D 2%



30 +

Table 1, Results of particle size distribution curve
N Sieve(mm)
Classification Cu Cqy
Dwo D30 DGO
FO 0.10 0.16 0.27 2.45 0.95
F5 0.094 0.15 0.24 255 1.00
F15 0.07 013 0.21 3.00 115
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Fig. 1. Particle size distribution curve of specimens by fines
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Fig. 3. Process of creation of calcium carbonate (Dejong et al. 2006)
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Table 2. Mixing the specimens material for 7day

Test—ID Cementation material Soil (g) Water (g) Calcium carbonate (g) Cement (g)
N—-FO-7 275 50 - -
N-F5—7 - 275 50 - -
N-F15—7 275 50 - -
C4-F0-7 275 50 - 1
C4—-F5—7 275 50 - 11
C4—-F15-7 275 50 - 1
C8-FO-7 Cemen 275 50 - 2
C8-F5-7 275 50 - 22
C8-F15—7 275 50 - 22
Cad—F0-7 275 50 1 -
Cad—F5-7 275 50 1 -
Ca4—F15—7 . 275 50 1 -
CaB—FO0—7 Calcium carbonate 75 50 % N
Ca8-F5-7 275 50 22 -
Ca8-F15—7 275 50 22 -
CaC4—F0-7-1 275 50 1 10
CaC4—F5—7-1 275 50 1 10
CaC4—-F15-7-1 275 50 1 10
CaC4~F0-7-3 275 50 3 8
CaC4~F5-7-3 275 50 3 8
CaC4~F15-7-3 275 50 3 8
CaC4-F0-7-5 275 50 55 55
CaC4~F5-7-5 275 50 55 55
CaC4—F15-7-5 Calcium carbonate 275 50 5.5 5.5
CaC8-F0—7-1 + Cement 275 50 2 20
CaC8-F5—7-1 275 50 2 20
CaC8-F15—7—1 275 50 2 20
CaC8-F0-7-3 275 50 6 16
CaC8-F5-7-3 275 50 6 16
CaC8-F15-7-3 275 50 6 16
CaC8-F0-7-5 275 50 1 1
CaC8-F5-7-5 275 50 1 1
CaC8-F15-7-5 275 50 1 1

Fig. 4. View of specimen of before experiment(left) and after experiment (right)
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Table 3. Strength of specimens by fines content

Test ID UCS (ko) Test ID U.C.S(kPa)
FO (%) F5 (%) F15 (%) FO (%) F5 (%) F15 (%)
Non—7 10412 116.64 13714 Non—28 121.04 126.47 151.3
Ca—7 47987 55423 651,55 C4-28 54193 642,58 74758
C8-7 1047.06 1100.45 1338.69 C8-28 124398 1337.54 160921
Cad~7 303,61 316.86 3892 Cad—28 356,64 384 51 47263
Ca8-7 47519 513,18 59712 Ca8-28 54471 62714 718.3
Table 4. Strength of specimes by fines content (unit:kPa)
Test ID UCS (kPa) Test ID UCS (kPa)
FO (%) F5 (%) F15 (%) FO (%) F5 (%) F15 (%)
CaC4—7-1 460,01 54504 640,34 CaC4-28—1 533,78 59990 712.86
CaC4-7-3 396.43 455 47 566,68 CaC4-28-3 45914 567.38 622.42
CaC4-7-5 393,27 401,42 476,31 CaC4-28-5 414,66 44829 512.69
CaC8-7-1 982,77 1032.31 1263.07 CaC8-28-1 1139.68 1210.40 1479.33
CaC8-7-3 855,62 907.67 1048,39 CaC8-28-3 989.07 1079.76 1264.49
CaC8-7-5 680.85 74219 864.58 CaC8-28-5 748,22 782.02 930.69
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