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Fig. 1 Bacillus bacillus
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Table 1 Composition of NH4-YE medium
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Table 2 Main performance indicators of red clay

8 A A | TR BEAR KIREE/  RIREK
G (wp) (w) #) gem?  R(w)/%

2.36 55.71% 98.57% 42.86 1.6214 66. 39

Bt " 0.13 M Tris buf-
/ NH,),S0,/
%y RERHERW)/e - (NHD:SOVg fer(pH=9. 0)/L
H 20.0 10.0 1.0

Fig. 2 Successfully activated Bacillus bacillus

1.2 OFLkE

TR FH R IR 3 40k B 5t PHAG IR Bl TR —
Bedt R, RIS N =B R — B (Tya,) R
FRJZ A=A I RE R S m, H 2 B i 4R
PRl 2,

2 WEHARSHW

2.1 WEYTHURMEENH &

DB UG 2 0T B 175 5 e TR %5 1OC TR T & = A i
WL, LA AT B2 38 Ao 12 TR o R AR e b A
1) JIR P 7K i R 3R 7 A R 2 SR A ke, 78 pH>T (1)
B A58 v A b ol e AR S - R TR SRR B T, R
SR T A RS ES B T A e RS B0 T B AR A
TRIRES o PR R PRI 3k — 2o A 1) 1 14 7, 75 161
FHCE 1 mol-L (1 CaCl, PR 2 IR A SN e, B 45 T
WA 1 mol 1) CaCL A1 1 mol [ CO(NH,),™ .

2.2 AHTEBREFHE

LA TR W S LS o B A AE T/ B
AR LG A48 A B ER 2F 6T DA 1R R0RIT B TR, 4 T
TR A KR B AR 2 7 () A, i 5 66%
KR EIBL R R B AL, i ] £ @
61.8 mm, & 20 mm [ 45 1 R J]FEFT D39, 1 mm, /&
80 mm M FRJIIARE . AR ATk Rl i 45 HiBA
FEIRIK 66% 5 K A A HARFENE X BE 4 . W5
IR 73R A = A iR 2 B e A IR K A
H 7E 28 CHYMER S T F41d.3d.6d.10d.20
d, BP 8 A TR B, 2 B s A P AV X 21
B EH R
2.3 ZE

W TR IR B 5 1 BR TR A L2 il AR R
L H AR AR B SRS R R ER T VA E A B P4t
PR 2 I A5 R LR 3,

F L 3 T 2R A 23R P 1R R 28 B O R B i ok A
45 1. 46~1. 48 grem™ BY/K -, WAL TE 28°CHH IR
BT, A 21 AR % B DT AR B 2 547 B ] A 2l 2% 1
KA, AR YR AR 8 A B IR 2R AT B AN
OB B 4 A RRE T R R A A ZHAH L R AR T
B B E IR IR G BT B2 O
PRI AN BE X T A 2L, R [ I 5t B e it
KA 7010 d 5 FEARANAR | B 0 18 70 2% 5
1.59 grem™s



614 T

2019 4

—n—A

160 _, g .

"e 154 A
0152 /
) &

al /'\_//

I I I I
0 2 4 6 8

I I I I 1 I
10 12 14 16 18 20

FR4PEFE])/d

B3 AEFFIPEETEEEN

Fig. 3 Density change in different curing times

2.4 BKk=ER

PRI R ROk Y 5 S R K S
Jo ot 0 FUAEL, &K R R Ry 2E bR iR
Y5 15~30 o M A R T - RE FHAN 22488 U111 i
NP © S FREE A T e R A B e e
M EAE I E] 0. 01 g0 FRJFHCE F] 105 CHYHEAE
M EEE(K4) .t 408 A 4R A4 R 2K
RIFARE R TR0 0] A A e & A B Bk As . B
AR KR — B R A P %, Haad iR
110 d JF A E KR AR, U 63. 3%,

—a—A

741 _ap

Wl .//,/l\\\\\\\-/////////.—_-‘_“~—-————-————-—-
70
68 -

66 -

64 | . A

62 -

w/%

60

0 é A é é 15 1; 1k 1% 1% &
FRIPRTIE)/d
4 AREFPEETEKRETL

Fig. 4 Change of water content in different curing times

2.5 [t&E

R U ER ) ERE DN E o W TR M0, It
APE PR A PR = BRI ER IR N
TSR B AT LB A L R RS e
TRERET CBREE O, SRS (A KR (9 25 R K
o), il L BORE AL TR IRAS R IR I R Uk Wi sk

DA LAY - AIORCME T e 0 S AR He B L
RIZ AR ILIE 5,

250 -
—a—A
—a—B
245

240

o | et

2.30 |-

BE /g en®

225 -

2.20 L T ST NP W TR T |

5 4PREl/d

Es5 AEFPEETEETK

Fig. 5 Change of specific gravity in different curing times
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Fig. 6 Change of pore ratio in different curing times
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Table 3 Test results of particle size

PRI B/ mm <0.005

0.005~0.007 5 0.007 5~0.01 0.01~0.02  0.02~0.025 0.025~0.05 =

KIREHE/ %
B—1/%
B—3/%
B—6/%

B—10/%
B—20/%

44.47
43.30
40. 98
36. 31
37.73
33.71

14.76
13. 60
11. 26
12.03
9.91
10.93

10.48
10. 77
10. 44
11.78

9.73
12.57

0.5
24.29 4.27 1.73 0
26.10 4.49 1.74 0
27.78 6.07 3.47 0
28.42 5.99 5.47 0
29.92 4.26 8.45 0
26.08 5.28 11.43 0

1 K42 /NT 0.005 mm K EERL, 0.005~0.075 mm Jy AL, 0.075~2.0 mm MR + 1943 25kR1#E (GB/T 50145-2007) 1.,
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FBLHE , 32056 2o 2 P A8 A9 B 1) 3K 4 0. 1 mmemin ™,
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Table 4 Average damage peak of sample group A

5 FEAP i) /d
1 3 6 10 20
6;—050 kPa 86.4 84.9 86.8 87.1 87.3
6,—0;/kPa 0:—100 kPa 110.2 111.5 112.6 107.9 112. 4
0;—200 kPa 184.8 186. 1 186.6 182.4 183.4
®5 BARKEFHWIFIER
Table 5 Average damage peak of sample group B
5 FrAP g )
1 3 6 10 20
0;—50 kPa 95.7 108. 8 122.1 137.8 132.6
6,—o;/kPa 6;—100 kPa 128.5 142.5 162.3 183.3 173.5
6;—200 kPa 208. 4 230. 6 245.2 283.4 282.7
F6 IREMEEEER
Table 6 Sample shear strength index
FrRAptEl/d 1 3 6 10 20
A4 C/ kPa 18.92 18. 28 19.18 19.27 20.11
@/ 14. 54 14. 80 14. 65 14. 26 14.22
B4 C/ kPa 21.00 23.94 29. 87 31.21 27.41
9/° 15.96 16.95 16.93 19.13 19.68




616 T

2019 4

R R T N P U N AV (I RN SR A
FH e TR A WA il B 5 J38 AN 0 B 5 JEE i b 45 3 1
fewg, FLAE 10 d S BHoR, 102 R B IR 2R ALFF R 7
LU b b R AR AR A R i A R T D A
SRR S o

I FF A R LR B A A AR B TR B T RS
45, AR/ INBURLAR B 45 O IURE A, BR8] fr) 3%
B IARE , RN R R

2.9 SEM%#f

A EEIEY 6 d i FE B 4L 1E IR
3d.6d. 10 d LI FEAE I LB R S, 40 BT
Tl A A A X 20 2 O &5 4 B 5 (T 7 )

W Ta kB, KRG IEAE G A 2R B0k,
[ 22 = i 254, b A 0K L R 1] R DL Y I 7 4
Y5, A7 AE R TR FL B, 45 4 B A . 1T
7b B e B 7d L ERUAE IO ARAE T, AR R
(i) B 38 A7 A6 JURLIR 72 304 |, 3 28 s 350 o3 A 7E AR
(R INFLBR R T L 3 3 BB 3 4 AT, 1 4 T AW (1)
Ca G R & &1 (] 8) , T HEIN Sy 1[G 28 7 AT 54 i
T AR AR S B TR S o 3 B PR 5 7 A rp
A REESAE T 388 T AR IR R RS e Pl AR A
A R AR ) 2E

3 & it

W EIR ARSI R, IR R AT A S R
PR A5 0 T J0e 45 e 341 36 4 25 AR A ., AR5
fE IR FE P 10 d B 0 1 P Ak SR e

(1) Bl A S P47, 20 3 + 7R i 4 3
P T S8 0 2 TR S T R L 0 KR AL
Bt b R 1 R 1K, - B0 3R 4 R M DR

(2) 213 + Sy 2 v R b & 0 A AR 2R 17
T IRV P8 38 B o8k 5 10 A P 4 v

(3) B E5 48 43 #1 , B F K= 6 7= ) (hik i
) e 8 | T8 S b UKL 22 A] ol - Ak ) A FL B D
VNIE b A EI B WS A R N E TAZIE SR N
HE Z IR, IR T 220 ) 24 v R Wl 5 A
FIF TR T M k. X —458 T IH T3
e PR B REEN B FIEM EHRT
PEHNT

BT A Y e 20 36 o B R A B AR, T
Tl A W VE R — Fh R 858 A MR T T AR v, X2

2pm EHT = 5.00 kv Signal A = SE2 ate 20 Nov 2018
H WD= 60mm Mag= 200KX ime 114:25:45

b.B R FF 3P 3d(2000%)

2pm EHT = 5.00 kv Signal A = SE2 Date 20 Now 2018
H WD = B0 mim Mag= 200KX Tirme :13:59:28

IR TR 6d(2000%)

L & L Lo s C
2pm EHT = 5.00 kv Signal A= SE2 Date :20 Hov 2018
WD = 8.2 mm Mag= 200KX Time :14:44:35

d.B AHIXHEFRHF 10d(2000%)
E7 AEFEPEE TR

Fig 7 Change of pore ratio in different curing times
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Effect of microbial mineralization on red clay

CHEN Jun', SHI Pengchao®, BAI Wensheng®’, WU Zhonghu', YANG Heng'
(1. Guizhou Institute of Technology ,Guiyang , Guizhou 550025, China ;2. Jiangzi Academy of Transportation Sciences Nanchang,
Jiangzi 330200, China ;3. Guizhou Architectural Design & Research Institute Co,Ltd. , Guiyang , Guizhou 550000, China ;4. Guizhou
University , Guiyang , Guizhou 55025, China)

Abstract The technology of microbial mineralization was applied to the modification of red clay, in which the me-
tabolites of bacillus pasteurii were used. Routine physical index tests were carried out on the red clay samples to an-
alyze the changes of water content, density, specific gravity, porosity ratio and particle size by the modification.
The shear strength of soil was determined by triaxial undrained shear tests. The microstructure of red clay was ob-
served by SEM. The results show that the Bacillus pasteurii can induce the precipitation and cementation of calci-
um carbonate to fill voids of red clay effectively, and the soil sample was the best after 10 days of curing with con-
stant temperature. With the addition of bacteria and the occurrence of microbial mineralization, the physical proper-
ties of the red clay changed significantly, and the internal friction angle and cohesion of the sample increased. Anal-
ysis of SEM images shows that calcium carbonate crystals were generated in the red clay sample which filled in the

pores of the soil and strengthen the connection between soil particles.

Key words microbial mineralization, physical properties, shear strength, red clay
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