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ABSTRACT

Strength Improvement of Soft Ground with Microbial Reaction

Park, Kyeong Ho
Advisor : Prof. Kim, Daehyeon
Department of Civil Engineering

Graduate School of Chosun University

Several studies have recently been conducted on the great potential of biological
treatments for geotechnical applications, in particular for ground improvement.
Microbial Calcite Precipitation(MCP) has been achieved using the microorganism
Bacillus Pasteurii, an aerobic bacterium pervasive in natural soil deposits.

The purpose of this thesis is to study the mechanism of cementation of soil
induced by bacteria and strength improvement of soft ground. In order to
understand the mechanism of cementation of soft soils treated with bacteria, six
types of specimens(untreated, normal bacteria concentration treated, high bacteria
concentration treated, supernatant high bacteria concentration treated, double high
bacteria concentration treated, and 25% specimen high bacteria concentration
treated) were made.

Additionally, Scanning Electron Microscope(SEM) and X-ray Diffraction(XRD)
analyses were performed for reaction mechanism analysis of materials, which
allowed for the identification of crystal, shape, particle size, chemical formula and
mineral components for each condition.

In Scanning Electron Microscope(SEM), Ca mineral has been found in the voids
between the soil particles. Also, CaCO, through X-ray Diffraction(XRD) analyses.
This has been confirmed that microorganism may play an important role in the

strength of soft ground.
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Distribution Alternatives

Uniform Preferential

X %

a9 2.1 & YA FF Atol9 #atzs 24 % (Dejong 5, 2010)
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2.2 M= 143 A nysor & 81l
221 "MA= &9 pH

P 8% 9 F9 styoltt vA=E

Hhg-o 2 AAE = ebdEgdd - a7 229 Zo] pH 834 Al#tsm, ik
9 3 393 vH(Stock-Fischer

1999). ool & <AFolAM = Hx mAE &9 pHE 85% YFolx dstzdw &4
T AEE APt AFS stoH,
£ 938 pH 74 paperol £A=H

] -
A A AR A% 65 dwEE AdE J9E 7002 uehdrh o WA,
%32 &

9,
o3
2
>
i
o,
)
kY

g 22 27 MAE &9 pH

222 WA= =27 & TS0 #A

nAE 2719 A7]+= 0001 ~ 0003mm AE=Z HAE 2 R JxET Foid o

=
Jovm we §o FRol 484l £k wARe FF TS AREA £49 &
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@ A4 AHg

oft

Fil e urea 2%7F 7MY =2 @ASIE Holve Fo=E YERen, 24
AlZEe] Ayl A RE = 1%0]749] Urea HA=Rre] F7tete AS 891 & 4+ AN
th wpx g o2 AhuldS st oF 10 ~ 1243F F AErF nAEe A &3 7]
R =S A7 AR B Tk

=

0.350

0300
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—W-urs=0.1%
—H—urazd. 4%
—8—ur=215%

0,150

—fee iz 2058

0.100
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naeq".@"eﬁﬁ"&"ns"ng thn“ubﬁnsofohw“uhﬁn"e“:abc"m‘“é’é’.@m
“@ 5@ h'a“ ﬂ]ﬁ“ u@ q@ h@ qé‘ hn“ q@“ xa" '&@ @'\,&sﬁa\be i \3‘@@@ 19@ 1}99 '1.@ & x? ‘f’@‘&b@ n“.pé’ 19&4,9@5’\50 4}@ o b@

I3 25 Uread %o @ mAE AZZA

_19_



2.3 A& 93 gdidgs MY o
2.3.1 7AW EFH QA (Urease)d #Hg
) gES o] g3 2o 1143 (Cementation) 7FeAdS nAES] A vreS =31

2
Hetn g 5 Ak B ATAAE VRS AFes] AsA A E wEor,

NB(Nutrient Broth)¢} &4 &¢HS Ab&stlvh M2 4 24 T shuel NB=
A

(NH )= 7t doh(3 s34, 2010)

(e}
Urease J9F-&

CO(NH,), + 2H,0 CO, + 2NH; (2.1)
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232 gitdg YA o8

2321 B4 A ddgds A

& AAsE B3t AE aiA nAE Y Urease & 3 Ato] WAsy| =
St (McConnaughey &, 1997). A&9] A XA a2 24 229 o] o]iksletA &

SaNTINA AR, oldF ol Wseast B3 AFale 4 233 Lol HCO; %
CO} & BEE Ao U @ & Ak oltaherad AAZ 4 ABsu 4 24
43 ge 4% $4F + 9w, 3 gy pHY Fbt 8L ¢ % AvkEhrlich,
1998). olu) BHAFGSL W & 4 A B olee] §42 FYAAW 4 259 o]

4w (Cacoy)0l A E 7 At (Hammes &, 2002).

CO,+ HyO— (CH,0)+ O, (2.2)

2HCO; < CO,+ CO;™ + H,O (2.3)

CO}™ + H,0«>HCO; + OH~ (2.4)
Ca*"+ HCO; + OH — CaCO;+ 2H,0 (25)

2.3.22 AAE 93 S ZEs A
(CaCly) e 893 st AAE ZEol(ce’)e W&ozt & 4= ). o]2fdt 1
Aes o] &8 SALF(CaCo,) A AA w22 ok 4 263 )

CO;™ + Ca*" — CaCO, (2.6)

Sporosaricina pasteurii V&< 24 (CO(NH,),) %t E(H,0)3 ¥k-g-3to] 2719 <+
R (2NH,) e oAt E A (C0) R w8l H = A2 obg) A 273 2t

NH,— CO— NH,+ H,0—2NH,+ CO, 2.7)
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\ Ca*attracted
\ to Ce”. 2"“3 + 2“20 ") ZNH‘I'- + ZOH-

H,0

CO,+ OH = HCO,
Vg, H,0 z 3

—_—
.
T —

~  Ca¥+HCO, + OH - CaC0, + H,0

Net Urea Hydrolysis Reaction: NH,-CO-NH, +3H,0 - 2NH,* + HCO, + OH

Net pH increase: [OH] generated from NH,* production >> [Ca%']

¥ 2.6 nAE 123 94AYSF(Dejong 5, 2010)
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32 2 AR EFFH EA

OMC(%)

14.92

3
Tlamax) (g/cm’)

1.608

# 200(%)
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¥ 33 AE AF A HEy
(F9 g
A3tz 0] A &
AE A7) Soil(g) E(ml)
& (ml) & (ml)
5218 185.6 - - 22
o] Wk = 2] g 185.6 11 11 -
A A g 185.6 11 11 -
HE
S A A g 1856 11 11 -
aFEAE X2 1856 11 11 -
5% A &
185.6 11 11 -
T A
¥ 34 AE ANg9 B4 EAS e ZEHA, v 2004 F3E, HoA
ZHATZF (M (gmay))s AATFTHI(OMCO), HAATFHA(LE HebHAT 2 FAS 4§
NP(H A2 Yo} & 7/ A MLZ 7 A}
¥ 34 AE AR 27 EA
Ng | MEGs) | #2000 || oMeos) S
(g/cm”) (LL) (%) | (PL) (%)
2 E (ML) 2.67 64.8 1.328 11.6 23.3 N.P
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