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A Study on the Effectiveness of Injection in Environmentally-Friendly
Bio-grouting with Soil Conditions

Daehyeon Kim', Kyung-Ho Park', Min-Seok Kim', Sun-Hak Kim"
lDepartment of Civil Engineering, Chosun University

2 Agd TS @elM 2851 gl TR FAkeHA Al zksto] A
e A FHENE It asich & A5 HE 257 EFESP, SWE D
8 FHHAL. T4 F AN EAE

T = H9E AwEgith 1 AY, SWAEE

UL 85% ool A FAE<] 10% olsk= Hehst o, A|ute] AFrjttg=ol w} Bio-grouting®] FHE % L2

o
o

=2,
of
o2t
o
0,
dlo
o
o
o
ol
o
&
0,
2
)

Abstract The purpose of this research is to identify the effectiveness of injection with soil conditions by injecting
CaCOs(created by microorganism reaction), which was recreated with equipment in similar situ condition. To analyze
our research, we made 2 cases of single-layer (SP, SW) in D 150mm X H 300mm. Layers were made by RC 70,
80, 85, 90, 95% of soil condition. We measured uniaxial compression strength with cone penetrometer and watched
injection range by checking a bulb formation around the injection nozzle. As a result, the relative compaction(RC)
in more 85% were not injected in SW, we could identify the effect of bio-grouting technology on ground in relative
compaction(RC) of injection ratio and cementation range.

key words : Bio-grouting, Soil Condition, Single-layer Soil, Injection ratio, Cementation rage

1. M2 Aoltt,

T AHAGNA F2 AGHE 1Y B
11 AT o =X FED70 oo, Sele, TQHEAIES) Fo] W Ei 23
S Qo slek 24 g AW 1z 7PIZk BaEe] zola glout, oleld FYEye
Aoz BeShe AR FAR 7] wWe] 1 PR AN FESANW F9E Flom, 10y
Fok AAVAR TEeA QokY mew AAEL ok Bl FURE AGHE AUE @ ofole Ea)

S HEDE TAR AP A Bl B wael  HE olushe WE % Asks 29 £ BAEA
HYE Bl Gtk E, S95F Bow FEAY @ AN AAuere AN Rahn g 2ol
of we AURAE DEehT glol AopAe] ABe ok E 1ES] AWES A4 A WEE ol ushea
S e T el AxAle] el Wag A & o 09EORA AMES B WAt olushEs

This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded
by the Ministry of Science, ICT and Future Planning(NRF-2013R1A1A105010106).

"Corresponding Author : Sun-Hak Kim(Chosun Univ.)

Tel: +82-10-6631-8075 email: sun93k@naver.com

Received March 23, 2015 Revised (1st April 27, 2015, 2nd May 20, 2015)
Accepted June 11, 2015 Published June 30, 2015

4276



To!

A

7 blo] 9 IaheE =] Falo

&

o
el

} SP, SW T}

L
—_

th13].

7} &A7h 2

i

A FEA SR AWE

ARAE 23] 9

o

= A7l

-grouting

hal

3l Bio

St 3

A
sl
ﬂ
s

el

8%

3

gl <

To
o

qll

)

AT

I

bag

17}3

o

D

[}

o=

_]

_g_/K
2. Bio—grouting &

Bio-grouting®] %

}_

S

SEo| Air Compressor®] 150kPa &S o]&-

Ak wEbA el weh 5

o
=

Ao A ALE B pasteurii THEKCTC 3558)

el

FO

}

]_

i

9

A2 o

<

%

fe]

a3ks 71

Fsict ele

1<

o~
T

Flom, 30TClA
2}

5]

&
ol
=

[e)
Fo] Urease ¥HS-

(9

#
7va 3t

Rl
B} 0] &(COY) S LA AL o]

S
=

FATt. B. Pasteurii 1
Nutrient Broth 8g/L, Urea 20g/LZ A|
[e)

| =y
a

3
AS

T AEAIAE A 3t
A

o AHg
3ol

017 Astulolefoll Al

k=

p=d
2]
=]

-
2.2 Bio—grouting 22| 7|4

Bio-grouting

3 sl

5

A S EJozA AWkl 1174 3K Cementation)”} 3

Z3(CaCOs)°] AAA A
o)X

‘(H
180RPM®]
Aoz A

1

ol

3}

L

s 14

7NAE
3} Sand Ak
Hr}

=
O~ =
RS

=

[

e She)Hom A7)

3T, 12, 13].

¢l MICP 7]
[e)

aL

o

&

= =
ES

o MICP 7|%% 3 %A1A Bio-grouting

-grouting

7R3 JE AAolti10, 11]. whekd 2%
H

ol o

=

=

g

3l Bio.

]
5

7l

bol 1=k AFALE Aute] B

1

a}

A
ks
o]

1

kel
pid

1

MICP(Microbial-Induced Calcite Precipitation) 7]&%

o} gt}H2-9]. 11} MICP 7]%

el
o

S
=

|

1.0shot(

L
L

Lehfa gl

=

=

5}

H
gel-time©] 204 o] 7-$-9

HE-g-2] 7§ 2.0shot(

s
-1

4277

483
7he9la,

=

¢}

AHA &9 Bio-grouting S
5 7S 10MPa® 2 S Ao, A

WRRe weh ZEst

it

9
kel

14

.
A

)

0~40%¢°l Bio-grouting ZH& %4 3lo] A& 53

2}



A& =R A6d A6E, 2015

TR SR 53], Bio- grouting e 4
5 71 APAT WAE 2438t FHA MICP 7%
o] AgA AnE Fall oFAa whEFA S Fiho &
& FUSE 15shot FUEAH EFHE SIS
A0 7]E 2.0shot THH] & v} b o= e
o, dgxds Adstaiat Lsshot FHAE 29

=2
)
oo
ol
ol
32
=

(Dry)
—

CaC0; + H,0

CaCo; + H,0 (Combination) (Vaporization)

Fig. 1. Effect of enhancing strength of calcium
carbonate specimens[14]
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Table 1. Physical characteristic of specimens

Speci P00 Tdmax
men | O @) | @nmy | M| PL| Cu| Ce

SP 2.67 2.4 16.05 N.P | NP 39 | 077

SW 2.64 | 434 16.44 NP | NP 7.7 1.55
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Fig. 2. Sieve analysis test of specimens
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Table 2. D150 x H300(mm) Ratio of specimens

Table 3. Factor estimate of injection amount

Speci - Soil CaCl, Microorg Classification Porosity(%) | Filling rate(%) | Loss rate(%)
Condition anism
men (] (ml) .
(mi) Sandy soil 35~40 80~85 15
SW-RC-95% 5519.86 | 2000 2000 Weathered rock 25 84 10
SW-RC-90% 522934 | 2000 2000
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(c) Injection nozzle
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Fig. 3. Bio-grouting equipment



F=AE71E8 8] =2 A A6l AeE, 2015

4, HLHAIE Zat

Fu9l ZAe
A-gow FA9 1
150kPa2] ¢} o2
ol FAA o %

s} o] ojag

ol A F/P‘}%L o A
o] wAYste] Fig. 4(a)
Aol s HepdS = 9l
FFsto] ek

Atk Fig. 4= SPAIE U3}
A F 2ARAE YERISIT

(b SP-95%

(€) SP-90%

Fig. 4. Injection experiment results of SP specimens

SWA| Bl A= Fig. 5(a)¢t Zo] eibd+e] F44¢
el wE ofad wHAA FQl & < AL, FYol
A&s}A] ol 9] LA EQ] wAFLE] Over flows]
ol Alg #W

Hhol] BAkro] #ol= dds Ste
2 golat 4 )1011:} Fig. 5 SWAI B0l tjate] ek
Ao we FY 5 Z4ULNE YRS

(a) After injection

(b) SW-70% (c) SW-80%

Fig. 5. Injection experiment results of SW specimens

|8 2000ml, %
NE 1.5shotS B3 FAAN 79 F +9

o] 7 g2 &4 FAE FA45te] F 4000mlolA
¥ S MRS )2 ZAF}SIT) ANz
& FUES 34T A3t Fig 63 2ol ekkon),

SWAZ A= RC 70%14 <F 77%2] FUES 24
o1}, RC 80% ool 4% FUEC] dd3 "o
grol 3 4= 919lal RC 85%°]4el A= FUEC] 10%

olgtZ F9jo] A< E7FssIdTh SPAIEIAE RC
70%~85%7H4] 100% TUES HEMIAL, RC 85%
ojdell A FHEC] wolE &9 & 4 ATk Air
compressor?] FH U] 422 500kPac] ARk A3 o
o] Ao] FF FIHAQ) ATE T FUHH e wat

A FQa&s Bohslor & wanol rka ek
120
—— 5w
——sP
100 - -—-—-
e
B —:
% =0 .\\
® AN
5 807 .
g .
™
.
20 - ™~ .
————
a

70 80 85 30 35

Relative compaction(36)

Fig. 6. Effect of injection ratio with ground conditions

4280



shzo] e Wgk

7 vtole1eteR 74 mube] B AT

N A=5 H7kst A7), RC 95%HH] RC 75%
2 AaTrE ASAFAEI) F 40% TbeE A
S golgd 4= 99lu). w3 SPAIRS] 7§ Fig. 83} 2]
RC 95%tH] RC 75%% rad2 12 Helo 27
& 9 20%, EOIE °F 30% ke AR vl
gelgt = Arh

150
y=-1077x+ 1817
R2=0.923

140

120

y=-569x+ 1437
Ri=0.928

Cementation range(mm)

100

Atieight

mDiameter

sp70% sP-80% sp-85% sp-s0%e spo5%

Relative compaction(s)

(a) Cementation range of SP specimens

yedm+462
R-0878

SP70% SP50% P85 SP30% SPas%

Ralative compaction(se]
(b) qu of SP specimens

Fig. 8. Results of cementation range and qu of SP
specimens with ground conditions

4281

] RC 70%
A

=

A AN
3 g0 o D
Yepgle, <

SWA] £¢] Fig. 99} 7o
eibdge] gk Feo
138.5mm, H 140.5mm2| 113 ¥
293 5 24 A3} 180kPal & SPAI ROl &) =
7} v A YEelgth RC 80%2] FAIANME 12 ¥
£ D 104mm, H 2mmZ 4=¢F Z= =4 23
100kPa 2] eldo] SPAIZ S FLEHA AE
o RCI} aT5E 17 W9l 7 oF 25%, =

ol o 60% F7I8h=

T =T
e v ,
A oF 80% T7behe

B LSkl
85% ol/dellrl= + 1 ego}
= 2

[e)
35
How i

=
=

=
ARE=

o rlo
A

Ae
% %

£

o

o
oo

s

]

REs

%7t =
53+

=
@)

<]
1% 10

ihd

)

H
=4

R

5ol A
) 24| Bihsadr.

—+—Height
140

—#- Dizmeter
130
120

110

100

Cementation rangs (mm]

SWT0% SWEDH

Relative compaction(3t)

(a) Cementation range of SW specimens

SW-T0% SW-80%

Relative compactian(3)

(b) qu of SW specimens

Fig. 9. Results of cementation range and qu of SW
specimens with ground conditions



LERL TPt

=82 A6 A6, 2015

Table 4. Results of cementation range and qu with

conditions
Classification D((Hiz;l;entation r:zgn?m) (kuna)
SP-70% 135.9 167.0 450
SP-80% 1325 167.1 350
SP-85% 130.7 140.2 350
SP-90% 120.8 143.1 300
SP-95% 1133 128.1 250
SW-70% 1385 140.5 180
SW-80% 104 82 100
SW-85% - - -
SW-90% - - -
SW-95% - - -
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