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SYNOPSIS : The purpose of this study was to investigate the feasibility of using sedimentation calcium
carbonate production based on microorganism activities in the strength manifestation of various soil conditions
including ground. For analysis and comparison of microbial cementation soil's strength, unconfined compression
test was executed by each content of soil(S), water(W), microorganism(B), microorganism and deposit (BF),
microorganism, admixture and deposit(BCF) at specimen. The result, the strength of SB(soiltmicroorganism)
and SBF(soil+microorganism+deposit) increased about 8%, 15% than SW(soil+water). Also, initial strength
increased. But the strength of SBC(soil+microorganism+tadmixture) and SBCF(soil+microorganism+deposit+
admixt ure) increased about 71%, 115% than SW(soil+water). The results of the SEM analysis, leading to the
formation of an adhesive substance layers at the surface and resulting in firm particle configuration. The XRD
examination of the sediment resulting from the reaction between the microorganism and the deposit control
agent confirmed the presence of a type of calcium carbonate (CaCos) vaterite, which affects soil strength
formation, as well as sodium silicate, silicides and so forth. This indicates that microorganism plays an
important role in the production of carbonate (CaCos), sodium silicate and silicides. It affects to revelation of
ground strength.
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A2 B440 BAZ AQIANA} 9 @A, ZAeIE ABH FAAA 2 0] Az 2
WAel AwASEEe A4 A8 dehhde duEt g e $He dAE 4 ok AAAo
o ABFH FW AaAo] LT HToE VAR byt B0 ¥ HAeHL o3
o §7 A% AA, AUA A, SIok, A4 B, Y B OFH AR FAALN N LABd EA £
9 SASe Age 97 g8 we #A3 A7k daE ek 2 Aol s MRS o gate] Y
A AbolE BH AASHEAAA AWE AFAI 14 Bk v Re] BABH(CaCono] FH FLB
Qe FaAsto] WIWYE o AATFASIONE FHH EFA Apelt AmetA AAH T 339 A
ARES FAse] ANFEAL FAHE AL olgHoz eI WYL WAt

- 1332 -



Chadda(1970)& &l
Ho] K, Na'o] 2o 9hda] thxetA ®rta &9 a, FAdetE W Ca® o] 0]
Hoz FaHAE &

o
o
f
0,
kI
ol

2
i

-
Aol FAAA98H) S AFAT ¥ DHAFFEE sl £33, ARES] FTFAG] 4%
% oY AREY WE} BheAgAPY BS EHAFS] e 424E FYEE &

) =
Foditta @k Awg, Moy, =4 (1999 ©

A4S RIS R A AL E
0.1~1mo =5 Ad vFe] olibshftA(Si0)7E AEHEE o5 o)At ASiIO)E MIA

(amorphous)@ WHgAe] w5 5t o5 A FFe| F S5 FAEAE Ad 5 YA &
oY §E I AgE, SAE(2003)2 CaCly - 2H,0(NH)2COsA 9l NH,OHE A 78] =89 uk-Sof
3 ek 4 (CaCos) S FAFE AT Hx e vf guh? 7159 (1985)L B4 0] 2he 8 (CO,) %]
4, pHO| W8} 9 S sol osle] A3 dol(ikie) = A o] Aaf AA st o] WA o] w a1, g
P 5

Akl HAL gt SFGEHS, Asks 57 B Aol XA ZistA g Ecial 519
Tyler(1978)2 S-#EotAlE 845 F /M9 dEYol #x=2 7t Falgo 2z A 4stal o] 52 =5
E}Y

e SFER AERA(GS-GOGAT) 9] d25 AA AedorA ARHor sy =%
S g (GDH) Q) ZHgo o8 F4wvta 319 thY Morsdorf, Kaltwasser (1989)& 7+& §-7]4
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o]
3
o] SgolAS AT 4 At )" Jahns(1996)S Sporosarcina pasteuriiol Al U8 ofo] &2 ATP
(adenosine triphosphate) FAAEZo] dE Yo7l HEF Mxdt XelAdS JAs=A BEoln, 4=y
ofs} 7ro] WA ow B g o} o] FhHH o R AFey)w Sk WEst v AUk Whiffin(2004)
S AETH 1 A8 dRYole] 1 E A= AE ofr]shH, o]l st vtH|glo} B T
ol WAS ZAHsto] FElobA7E At Al &= Aol f-&3skth o] g {7 A Z+ Sporosarcina
pasteurii®} Proteus vulgaris?} 9lthar s-aich?

1.3 g3 Y

MAE T JAAAS Axd gs e LEES ¥ 548 dotrr] s F A SHelA
Askslar, AUAIES &3l 72 24 A1E R AR 5A4S detsta vhg vzt S 248 Al
MAE ndES] Fr 54 el thedt 2ol oA dAE 48t A AR S(SW) el
2 4= 5S4l diel dotrgton, F MAz vAY=(SB) el mE A= SA4S dotrR st A W
Az vBEd JAA (SBR)Erel whe A 5S4 tisto] Frisiint. vl A= Z3pA7F A7k
A M= (SBO) el nhE A S54E Wrbskelth vl MAR E3kAl7E ke AIA 9 )
AE B FAASBCE) kel e e 5402 Fidte] 43S AAsksith wke Wzty S 42
Azel Ad A4S dste] Ak dvd 24 (SEM)S Fsho] 2F =3 o 24 d4, A A7) W3
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=
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VAR DALES AA EFYA Aol A MR Wes HAAA F o 3L 24} 2
otk ol BALHFARS YYA/E VARG F BE EF DALES F A
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2.2 D|Y4E DZEQ| &ty J|E Az

Ak ko] FE M AYES] JUAE(CONH))S MAFE2 Seopa] ZFoa e (COo ) Yy
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71—*0] xgzd ;<17LQ1;}1: /g‘g (2)011;}_

o
=

Urease

|

CO(NHo)o+ 2H,O  ———*>  COs% ™+ 2NH4*

CaZ + COs> —>  CaCOsl ©
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311 &
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3.1.2 Oj¥E =Y Y Y

Sporosarcina pasteurii®] ®re|do} €9 (Bacteria solution)S ®j%sl= WHES 19
Yeast Extract®] & T7FF 121HT 20g3% 8 4(CONH2)2)o 5%+ 1 2
= Aol s oo oA vk AAujA o] vlE golE HEeUT EG MAES HET £
RE AYE AP AR 27C~29TRAA Fa53ith
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Bacteria solution

Bacteria Growth nutrient
Sprosarcina pasteurii » Yeast Extract
CO(NHs)5

T2 3.1 D|ME 9| Y
3.1.3 &#ZH =AM uihy

AAAE A= e 29 3.29 o e ZF 0.75M=E it

FixA]

| CaCly | | Ca(NO3)2 |

3.1.4 E3iH

23 2w FAsteR 3ok Ca(OH)Ro WA % Fejo] 4714 sheh=qld, 434, 434
BEE gsty] S8 AHgstom Fe 3% (11.31g)% 8k,

A A= =o] 105mm, A& 52m(A 2 212.37cr)e] PVC E=5 A|Z}Fsle] AH-8-313

otal7] f18te] skt E PVC &5 Ui A2 a8 2E ¢fA vk $
sto] ZHzte] Typed = 5 YASHA FA8HH Jacks o]&3ste] A3 =S 7hete] Aoz o
=
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=
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g
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)

S AR THBS1377: Part 4:1990:5.4). 18]a 19 3.3% FAAS AYst7] 93 PVvCe st
Holn, BEof] dAF oHL 71817 Y8l Pressure-Jack® FAIAE AH3E7] st 18 34

AFgel et

ofr

lo &

- 1335 -



LA S
21 S0ma

L4Zo52mm
BVC pipe

H=125mm
n ! +=10mm
o
t=20mm
=== Gp
80mm
O8 3.3 AFEE PVC Mold J8 3.4 SAA d™EH|

3.3 SAIMl oF HijaH|

Aol AF8% FA A= SW, SB, SBF, SBC, SBCF W&} 5&7Fo|n, 717} 3hn) &
15%, 20%, 25%% T--3te] 34, 74, 14, 289 FA7|zrez 7} 371 180709 FAIA

il

Hy
I

Hy
ol
ki
z
B ot
>‘ hu

3 3.1 FAA Aol 2291 wighH]

FH= 91 (g) 55l q ek | sho-ek

ZE " L; Soil 314 Bacteria Wat Z 73 A (Fi %ﬂ(j;} ° t};;)o
° ° o (Ca(OH)2) solution ater X) 7 ¢
SW-15 377 - - 56.55 - - 15
SB-15 377 - 56.55 - - - 15
SBF-15 377 - 28.28 - 28.28 - 15
SBC-15 377 11.31 58.25 - 3 15
SBCF-15 377 11.31 29.12 - 29.12 3 15
SW-20 377 - - 75.4 - - 20
SB-20 377 - 75.4 - - - 20
SBF-20 377 - 37.7 - 37.7 - 20
SBC-20 377 11.31 77.66 - - 3 20
SBCF-20 377 11.31 38.83 - 38.83 3 20
SW-25 377 - - 94.25 - - 25
SB-25 377 - 94.25 - - - 25
SBF-25 377 - 47.13 - 47.13 - 25
SBC-25 377 11.31 97.08 - - 3 25
SBCF-25 377 11.31 48.54 - 48.54 3 25

¥ SW(F, 5), SB(&, "AE), SBR(Z, "AE, H7A),
SBC(Z, nAE, &38lA]), SBCF(Z, vAE, &38lA], A7A)

4.1 OJ 421 HZH(BF) BS Znt

n A& 8 (Bacteria solution)# A (Fix)E Hlo]A| 1:1 vl&=2 E3ta) & Ay WA Zxo] 34
He ASE B2 g A o] HAES AAER A EA(SEM) Y X-HdEA(XRD)S sttt 1 A3 3
AES e 3 5'-7]94 uAe FEo FAE B, AReRE A, ehbds, A, fEkE
9 EdEol AdHE ASs o A} m=g A E vhE glo] E(vaterite)= Ak o] £a1, WA 0]
ES AoE 4l %"\_ #(CaCOy)5 ol sttolt). nAE &Ny A4 &4 S 19 4.1 A E
SR A A4S R A QT
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a9 4.2, 4.3 SEMEA 2342 AA4E &

BF 20.0kV x500

2 4.2 (20.0kV X500H{E)

O 4.3 (20.0kV X2 50kH{E)

¥ 4.1 BFoll 3 X-3]d &2 (XRD)2] W& HAE g2E

Card No 3} s}etg A

21-0920 Fez03 Iron Oxide

33-0268 CaCO3 Vaterite

36-0018 SrSiO3 Strontium Silicate

36-1148 IrSis Iridium Silicide

40-1041 Cs2K2Cd30s Cesium Potassium Cadmium Oxide
46-1185 LiHS Lithuim Hydrogen SulFide

36-1442 Cu0.3Mn0O.7CrsSy Copper Manganese Chromium Sulfide
38-0166 Ba(PO3)2 Barium Phosphate

46-0111 K2S04.7KHSO4.H20 Potassium Hydrogen Sulfate Hydrate

4.2 A|R2| 7|ZAIE EM

A a9 419 AxdEe) FH 349 194.29 ARAS T dERESAS 98

. FA A3 17.55 %0100 4,5 1.59t/m”, Hl5S 2,692 velgth 71249 &g
of g T3 Ades :24.29 Zt
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165 I Sand I
5 Gravel silt Clay
E | Coarse Fine |
z 3 2.75 0.425 0.075 0.002
] S 7 100 frrrr — — — —————
2 ¢ e
4 -HHN R EER R 1111 I(C.=8.a54
: § eofi AR (e
L : Lovon o R R R
E 60 [Llii i1 1 R R R
Do U K K
) KRR Ik L IR IR
150 OMC=1755% 40 T T T T T T LI e e LI e e
R ey IR IR
20 e ) ! ! !
145 Lovo 0 IR R R
10 15 20 30 o L L T N A
Water conten((%%) 10 B o1 0.01 0.001

Grain Size(mm)
a2 41 ARe A2}
st 2

a8 42 MR YERERM

& 4.2 AE AR = 54

Glavel Sand Silt Clay
=2 G Wn(% LL PI #200(% USCS
T ° n(%) B ) (%) (%) (%)

SIZE | 269 | 18.21 N.P N.P 2.66 1.88 95.46 1.72 0.94 SP

AR gla} ARA Y 5 HES 1118 A8t TGS 15%, 20%, 25% = FAAE A28k o
w, ZAzte] FAAE 39, 7Y, 149, 289U Aol wt FAA ] BEE ZABACH
] 749 SW, SB, SBF¢] Zee ¥4 39, 7Y, 140l M= SB, SBF7F SW
W FA 28U A= v AEE YERATE FA 7°‘f+ 14U A = ]
e Yepl oy FA28do s Ax wd el 27t Fa A= A3E YERIY SBC,
+ SW, SB, SBF¢] 28¢ W Eet 33t AElds 3t Ao= UrE‘mJﬂ S 71708
=

F 20%2] FAIAL 79-oli= SW, SB, SBFe] == A 3, 74, 140 A = SB, SBF7}
SWET 273588 S vebdlom A 28U = Hl52d F s YEW At SBC, SBCF2 A1 7]1F
| 7&“‘64% 27} ?—-_1@8}711 T HES BT

A 2] 4g-ol= SW, SB, SBF9] A= A 3ol A= SBE7} SW, SBH.t}F %
17PE%}6&% UrE‘rk‘izuﬂ FA 28Ul M= vl =S YER A vk A 79 1401011%1” H] =k

Efllont FA28dda e A HE o] A7F FH A= ABE UERT vkl <F
A 14 Aol 28U7 o] 27t FAEA FERdES Btk SBC, SBCFo $A717HE Feuky
2b7F abgl S7MES RGTh H8F 25% R ul SBEZF SBRUY v ¥ @ H QAT

T

Ag

60 90
—A— swis

60 -

Strenth (kpa)
Strenth (kpa)

w
g
1

H
|

Unconfined Compressive
Unconfined Compressive

T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Curing Time(day) Curing Time(day)

gl 43 Sw a3 44 SB
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ol g d &= = (kPa) & o-ak
(Type) ¥y 3d FA 7Y G 14 A 28 (%)
SW-15 21.00 24.70 30.39 54.09 15
SW-20 17.39 23.62 28.77 51.54 20
SW-25 12.52 17.34 18.81 50.66 25
¥ 4.4 SBEFHY FAxH s dFAH5HE A
i g d &= = (kPa) &o-2k
(Type) &2y 3d FA 74 FA 14 A 28 (%)
SB-15 32.38 36.58 39.56 60.50 15
SB-20 23.94 28.20 33.19 57.95 20
SB-25 14.39 22.90 24.73 50.66 25
12 45 SBF 12 4.6 SBC
¥ 4.5 SBFEg#F33 FAxA e d5d54= 49
vl $HE- 5 A=t % (kPa) S
(Type) FA 3d FA 7Y FA 14 IR 28Y (%)
SBF-15 29.61 32.43 38.80 57.54 15
SBF-20 21.60 28.56 31.94 54.84 20
SBF-25 20.54 25.05 25.79 52.11 25
E 4.6 SBCEHZI FAxZ g dF95dE 23t
ol g A =A== (kPa) & o2k
(Type) >4 3d %A 7Y oA 144 A 28 (%)
SBC-15 41.39 51.28 63.89 113.95 15
SBC-20 40.14 48.92 57.59 104.57 20
SBC-25 38.67 41.41 46.09 48.59 25
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150

Strenth (kpa)
g

Unconfined Compressive

T T
0 5 10 15 20
Curing Time(day)

a3 4.7 SBCF

X 4.7 SBCF3Hia Az 2 d5454% 47
IR =A% (kPa) sl ek
(Type) FA 3Y FA 7 A 14 A 28d (%)
SBCF-15 53.10 87.82 102.38 141.94 15
SBCF-20 44.80 59.76 71.73 131.00 20
SBCF-25 41.93 46.25 51.03 63.56 25

4.4 "2 H7IL|E(Reaction Mechanism) 241 Zin}
4.4.1 MASO0|IZEM(SEM) Ha}

2 A= a8 479 eI 28 4.7(a)= ARE EWE HUHEE SAASWE 1 342
AAFe] Foel il W o] SASta YAk A AT A3 dHE o FewdE A
UERA gttt 17 4.7(b) e AR E] Bl s A A b =
At A ko] AdE= SWell vlsl FE53 Ze = F vk 2¥ 4.7(0% AREd vAES 3
BAE A7re FAASBHE 1 3243e] Ak ke 57 A
a9 4.7(d)e E3AVE EFE AIRE VRS HA7E FAACBOR 1 Bl f4Ak e F

o
RV
e
oy

SW20.0kV x5.00k
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SBC 20.0kV x5.00k

(c) SBF (d) SBC
J8 4.8 MXtS0|HE2M(SEM) Aot

4.4.2 X-3|d 2A4(XRD) &1}

XRD #4123}, W A% AANA AHE SAHe e FR X-5 ARl A] hehA] ghgre.
oo gEs APANA AR E AR Fo shiel vhegel B gE /5% Wy T 54

AU vk Ao dad 5 vk =3 4w b gt 2ehAQl 2437 A REet S
o] M 283} pozzolan WHE(A 3 S A7lehA FolA &F€ Aejyht dErUsE Foiske] Ca® o W
Sato] AF7HA EAEHA &okd A ZE HgE<Q Ca-SiFll, Ca-AlAl, Ca-Si-AlAIE Agshs Wh-g)o
ML SFHEQ o)A EFASIONE T8 AS BAE U o #d 3 5 vk

F 4.3 SWell tigk X-3]-"dE4(XRD)¢| 7k 23} g=E

Card No 3}3}2] s}sig A

35-0411 KNd(MoOy)2 Potassium Neodymium Molybdenum Oxide
39-0119 Li14sP4,O12BH-0 Lithium Phosphate Hydroxide

37-0526 Cuz(SO4)2(0OH)2 Copper Sulfate Hydroxide

29-0411 CsLiSeQq Cesium Lithium Selenate

40-0842 BaHgS, Barium Mercury Sulfide

33-0345 CsBa(P0O3)3H:20 Cesium Barium Phosphate Hydrate
31-0542 GaGeO5W0O504 Gallium Germanium Tungsten Oxide
45-0732 Cly Hol Cey CsOly Cesium Cerium Acetate

46-0275 Cs2 Mn(PO3)4 Cesium Manganese Phosphate

¥ 4.4 SBl tigk X-3|dEA(XRD)2] Wb-g A3} g2E

Card No 3}k s}st A
43-0596 SiO2 Silicon Oxide
35-0395 CsRbWOq4 Cesium Rubidium Tungsten Oxide
13-0487 EuBOs3 Europium Borate
46-1045 Si02 Quartz syn
39-0119 Li4,P4O12BH>0 Lithium Phosphate Hydroxide
37-0526 Cu3(S04)2(0H); Copper Sulfate Hydroxide
33-1286 NazS204 Sodium Sulfate
43-0548 K3AIBRO15 Potassium Aluminum Borate
36-1149 IrSix Iridium Silicide
31-0524 GaGeOsW0O504 Gallium Germanium Tungsten Oxide
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It

M)

4.5 SBFol| th3l X-3]d2A(XRD)Y] wH$ Ay grE

S|
Card No 5} SH4] 5151 %
37-0652 K3Sc(SO4)3 Potassium Scandium Sulfate
35-0395 CsRbWOq4 Cesium Rubidium Tungsten Oxide
37-0526 Cusz(S04)2(0H)s Copper Sulfate Hydroxide
33-1286 NazS204 Sodium Sulfate
33-0394 CroH2Ass019 Chromium Hydrogen Arsenate
35-0411 KNd(MoOy)? Potassium Neodymium Molybdenum Oxide
12-0708 Si0* Silicon Oxide
45-0275 CsMgPO, Cesium Magnesium Phosphate
35-0160 Bal0OP6025 Barium Phosphate
37-1240 Gd(ReO4)” Gadolinium Rhenium Oxide

& 4.6 SBCHl tigk X-3]dZA(XRD)9] ¥k A g ~E
Card No 3} s}stg 3
41-1487 C Graphite-2H
43-0596 SiOg Silicon Oxide
36-1149 IrSix Iridium Silicide
33-1286 NagS204 Sodium Sulfate
37-1430 Gal.56Cd0O.66Tes Cadmium Gallium Telluride
45-1297 Cul.50Zn0.30Te Copper Zinc Telluride
34-0580 LiBH4 Lithium Boron Hydride
10-0423 AlIPO, Berlinite, syn
37-0526 Cus(S04)2(0H), Copper Sulfate Hydroxide
45-0275 CsMgPOq, Cesium Magnesium Phosphate

It

4.7 SBCFel t3t X-3]d ¥ (XRD)2] Whg A3} g~E

Card No s}5h4] steg A
43-0596 SiOg Silicon Oxide
35-0395 CsRbWOq4 Cesium Rubidium Tungsten Oxide
36-1149 IrSix Iridium Silicide
31-0524 GaGeO5W0504 Gallium Germanium Tungsten Oxide
33-1286 NasS204 Sodium Sulfate
33-0394 CroHsAs6019 Chromium Hydrogen Arsenate
35-0411 KNd(MoOy)s Potassium Neodymium Molybdenum Oxide
43-0548 K3AlIBgOq15 Potassium Aluminum Borate
37-0526 Cuz(SO42(0H): Copper Sulfate Hydroxide
36-0207 LiSc(Mo0Oy)2 Lithium Scandium Molybdenum Oxide
5 4 E
B AL VAR DAES) FE 543 Ane YA B sl FAAES 4Fstn, A
ABe B 7% BY L A% 5L steh, A4AN RN (SEMF X~ AR (XRD)AN B S Fal 0
MAUES BAsn
1. A=

ARV LA (SEM) S 23 mAES JA3A7F EfAF Alolol A ¥h-g-& doA xdd F24 &4
Sol AH 5o APA S A= A A
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3. X-3| A (XRDIAF A2 SW(Z, B)ollA] #2= A el vbE A E 2 o] a1+ A (Si0)7F & &
Al Aol A] A E AL, SB(F, VAE)LAEANA = o]AbstA(Si02)9] ¥HEE7F A YEFRt o™, SBF
(&, MAE, AFA)DAEE 27t B et o] A Z4(Ca’)ole AEo] gl EdoA
nAE &N HIIPORE o] AbsafA(SiO)7F Aol Thesttte AL ov|gth. 1Ea AR
(CaC03)¢l nle|gto] E(Vaterite)= EAMA o] £11 2 7| @3} k-3 Ao] 435te] HE AP E A
2 BRI o)Akt A(Si0)7F A E At

1) AR} SBR(E, v A%, A4ALARE w42 A4Ae] FHo] Sl wel
Zastela FA7Izbe] PolHel uet F

AR = Sttt =3 SB(E, WAE)IAEe}t SBF
(&, MAE, AAA)LAES] e SW(E, )R 7217t 8%, 5% = S/ i 2714 =% 3
ek ek, 2ejan H A ghpulell TS At A HEstal 149 o]0 AEe F48] Skt

5. SBC(F, "A &, € ﬂxﬂ a4 Eg} SBCE(F, v E, 234, AAAN)LZdEE nAZY HA3AY &+
o] S7kghel mEt AErF 7HAasiela FAv|Ze] Ao e whel e ST Ee SB(F, v
AE), SBF(Z, 1*@%, Z3HA), SBC(a, A, E3lA) R Y SBCR(E, WAL, &3kA, 7447 o
T AT TdS B, SWeF vl SBC(E, WAE, E5kA) 14 E} SBCE(F, M=, Z314,
ARZALAES] ZAw= 242F 71%, 115% 3% 7 ekt

ol & AEow = W A= FAA Y FEG= A wEE STMIIE Ao e &
S 7MAE F gla, Ca¥l ol Aol EXlste (M3 HIAAE, AAAE, JerE £3A B)lAE

7 R b o
AES Tl EFA AtelE AF AN LA A A EE SIAE F dvkal ddE

—_

. Chadda N Malone MF Doherty MF, (2001) Effect of chemical kinetics on feasible splits for reactive
distillation, AICHE Journal 2001 Mar;47(3), AICHE Journal.
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