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Feasibility of Shallow Layer Landslides Prevention

and Control Using Biological Mineralization Method

Abstract

Taiwan is located in Orogenic belts where a geologically sensitive
area is. Therefore, the geological disasters happen easily and also threaten
people’s life. Typhoon, the nature disaster in Taiwan, hits Taiwan every
year, and it is often accompanied by landslides and other disasters. For
instance, Typhoon Morakot made landfall just before midnight in August
8, 2009, and it not only brought catastrophic damage but impacted the
economic development in Taiwan. This study uses the new cold bonding
technology, Microbial-induced calcium carbonate precipitation (MICP),
to strengthen soil mechanism for shallow layer landslides prevention. The
technology uses bacterial metabolism to change the physical properties of
soil and then improve the mechanical properties of the soil (such as shear
strength, permeability, and consolidation).

During the MICP experiment, Bacillus pasteurii was found to be
quite efficient for convert calcium ions to calcium carbonate and indeed
calcium carbonate fill the pores that exist between the sand grains. After
the action of MICP, the non-cohesive standard sand sample can be
bonded into a chunk. The longer the MICP is applied, the better the
overall aggregation is. The compressive strength test results show that the

compressive strength of the standard sand specimen can be improved



from the zero strength of loose sand to about 3 to 12 kPa. Furthermore,
the strength of soil remolded specimens can be further enhanced to about
250KkPa.

According to the test results which show that the MICP method
applied to loose sand and soil remolded specimens can highly increase
the compressive strength because of accumulation and cementation of
calcium carbonate in soil. The results demonstrate that the MICP method
does benefit on solidifying soil and shallow layer landslides prevention.

Key words: MICP, layer landslides prevention, mechanical properties
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o Duration | Effluent Flow rate ]
Phase Description Details
(h) (L/h)
Rinse Water flush 3 0.2 Tap water
Immobilization | Bacterial B
] L S. pasteurii 1.5 0.2 ODggo: 4.1
of bacteria by | injection
two-phase CaCl,
L L CaCl, 1.5 0.2 0.05M CaCl,
injection injection
No flow for 24 h-
. . o ) 1.1M Urea and
Cementation Reaction fluid injection 24 after 24 h, with

0.2 L/h flow rate

CaCl,

. PP B

(- ) Bk k2o k% & 4R (Optical density > OD 40)

® % 4 sk k B 2 (spectrophotometer) (4o pB 5 4-7) o Sk 2§

A E K 5 600 nm > BT EROE R 2 B -

5 47 ¥ eh kv Bk o sk

(= ) %k % B= 75 t2(Urease Activity)
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P& Be et & & 2 72 (conductivity method) (4 P8 5
4-8)2 {33 kB - A FEF AR FAT R LR

ERER -

B 48 THRAET T EFRTR

(= )443 35 Jk B P72 (Ammonium Concentration)
#* Greenburg etal. % %  #7#% modified Nessler

method 7 st % &L 12 3 43 -k (deionized water) #-§ 1
0~0.5mM » £ riex g & B 2ml 3 4c » 100l Nessler reagent

(Merck, USA) 3¢ g iR & T 387 1 A48 F J& o SLis #3%3d
Fip i BT E T TR R > Ak F A kB
NH,CHE 2 538 7 R BRI 0 PIERF > #5425 nm kL& (F
2 B TR o X R sk B ficlE 0 R4 EE G R AR o

(z)4r 4+ )k & (Calcium concentration)
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RIFE o
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# % Loeppert #r3 > E o BSR40 % 10 B
Eog,F - FLERE B3 BEE RS BT
FHRAARE AL EE 2 R 7 SEM 2
XRD Bl3d 0 MR L WL 2 FREA B A
% » SEM % ¢ * TOPCON =2 7 z_ FE-SEM ABT-150S(4- 8]
B 7 4-9), ¥ XRD i * Shimadzu z. XRD-600 Shimadzu -

(4cfe & 4-10)
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M2 R A FIVHE B 405 300ml 24 R

B 5 300ml o JFiEF RS 2 MICP F (s 24 1)
PE A8l R T2 ) R T B % o R % 300ml i 7 A 4
¥ F o 30ml g 7 0 R Bk 5k o MICP jF i 5% 5 600
ml %R 2 % e T d B 472 48 Ered ph
5 300 ml R i i B2 15 0 B 2 £ 2 300 ml 2 50 mM

CaCl, B iR F/BEFHIIE* » FHFRL 1 /T B0 b2
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B2 R EST D B 45 B AR T ALY B2
o B PF2 AR EEE Y M0 00050 A E A e g
b OER R o st pE2 OD ¥ Y 0.1nm e b 5 BT FHR

Bime SRy pay AL#D -

Urease Activity (mS/cm/min)

0.021 1.2
—l— BP-Ureas e Activity (ms /min)
0.018 - ~— BF-OD 1
0.015 -
- 08 __
0.012 E
r06 g
0.009 - a
o
- 04
0.006 -
0.003 - 202
0 T T T T o
0 60 120 180 240 300
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0002 {
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(Z) BB oirz L BIE

ZiEFEE 24 i o £ 12 1AM 2 Ureaand CaClI2 »
Bt~ > g7 MICP F Jis o & 36 %> MICP jn % i
7 pH A 4&4F NH, "k & 2 LR > 12 1 f#m Fi2 (7 MICP
ZFE T o wPH EZ BBIP » 3% - pon (24 ) B
PiR)Z AR PHES 8.6 424 0 & 48 | P 3
72 ) B2 W AR PH B9 0912 96 2P A4y
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A%
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>
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2500
——24h
—— 438h
1500 -
1000 -
500 -
0 T T T
0 60 120 180 240 300
Flushed volume (ml) (From bottom to top)
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dB AT in RS R R BT R AT ER
B MICP B 47 2. 24 ] P55 %) 900mM » fe & 5% 72 /)

P iz ST R 18 2 4T a S JE R 5 50mM I 300mM ot % % Bg

\

TR LS T2 PR T 2 £2 MICP 7 i » #4T3
g

T %Kﬁ%ﬁ' d\; CaCO3§$‘ BBB T_Tr] = rf'g'l‘é:z lﬂ![lgé.}g.‘:;‘ /&}i o
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— ——72h
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i SN e
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4-8 #r7% 0 H A LB 4-8aF B IR BRI E R R
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