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Experimental study on effect of nutrient concentration on mechanical

properties and microstructure of cemented remolded mudstone

Wang Xumin , Cui Rui, Wang Cheng
(School of Civil Engineering &. Environment, Hubei University of Technology, Wuhan 430068, P. R. China)

Abstract: Microbial induced calcium carbonate precipitation (MICP) cemented remolded mudstone samples
were prepared by injecting one-time bacteria solution with different concentrations (0, 0.3, 0.5, 0.7 mol/
L) of nutrient salt treatment. Based on the results of direct shear test, calcium carbonate pickling and
scanning electron microscopy (SEM), the effects of nutrient concentration on the mechanical properties,
calcium carbonate content and microstructure of the cemented samples were analyzed. The results show
that under the same reaction conditions (same time, volume), the shear strength increase at first and then
decrease with the increase of nutrient concentration. When the nutrient salt concentration reaches 0. 5 mol/
L, the shear strength reaches the largest value. At this time, the cohesive force and internal friction angle

of the sample are 15. 5 kPa and 18. 83°, respectively. The content of calcium carbonate increase with
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nutrient concentration. When the concentration of nutrient salt reaches 0. 7 mol/L., the average calcium

carbonate content of the sample increases less. The uniformity of calcium carbonate crystal distribution

changes in a convex shape with the increase of nutrient salt concentration from low to high. The strength of

the cemented sample depends on the amount of CaCOj; crystals formed and their distribution. The produced

calcite-type calcium carbonate crystals are mainly deposited at the contact position of the particles to form

accumulated crystals or filled in the pores to form a “bonding bridge”, which produces a cementation effect

and enhances the mechanical properties of the sample.

Keywords: microbial induced calcium carbonate precipitation ( MICP); reshaping mudstone; physico-

mechanical index; nutrient; micro structure
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Table 1 Physical properties of mudstone
KIRHE /(g » cm™?) KRG K % THE/ (g em™®) IR/ % IR/ % VTR R WA TE #
2.42 2.43 1.92 31. 46 23.76 7.7 —2.77

Tea PR FuMLmE 1 rw.BA do M 1.8
mm,do N 0.11 mm,ds A 0. 55 mm, A5 R % C,
16,36, MR A C H A 1. 53, R WU 5 AL
K,

40 "o
K 18
20 H"E
L 1 1 0 é
0.01 0.1 1 10
VB2 hiA /mm
1 iR &R R B R 2R B 2k

Fig. 1

WA B R AERNANZRE (RS H
CGMCCL. 3687) , 1 FI v [ 5 3 Gl A= T o O
PP, SR FARFL R 100 mL 4 W44 B 35 4L (1% 5%
FENEARRBC T 20 /L BEBER By .10 g/L NH, CI,
10 mg/L MnSO, * H,O % 24 mg/L NiCl, + 6H,0)
HEAT R AP A 0, Hoh WO RS 35 3 pH fH A 1 mol/L
A EAL AN T 2 8. 4, BEREEA I 121 T
JEZEIR KA T K 20 min, B H E W R G AT
TR A 5 rh R AT 58 b 422, B IS R ACTRLEE Dy 30 °C
¥y 200 r/min BYFE IR G SR 48 5 5% 48 h, MW
R 35 5 IR I 5 R 9 . SR TR AT 4
G BE T3 T R 8 B (ODygo0) 5 52 5 ODgoo fH M 1. 0,
T DR BRI TR AR 1 A R M L K B IR G TR R R R
A E A T AT B R AR N & KO B
YRl 2 WL T R B R B B L 95 V0 & T £ Tk Ak
UG WAOBE T B9 40 R 5 AT IR R AT G i
PR K,

1.2 RBAE

1.2.1 IR e ARDIA RS 55 3 vk B IR 45
IR 1Y ) A VR AR R W, X A B Ak A R S
Frah e B AT 4y B R FH M BE S 0,0, 3,0, 5,

Particle gradation curve of mudstone sample

0.7 mol/ LAY A ARLUE F7 ER W (2. 5 L)X R
— YR B R A 7 SUEAT IR A Ak B

B2 BREANEKEEMETHRER

Fig. 2 Microscopic view of the bacterium of the genus
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SUEARAG AN ER T F, T T s 52 42 1 1l R g B2
20 mm, B 5 I 75 Y8 5 TO0ER e 0k 48 M 05 — Bkd
KA. DHGFECEFRY 2.5 L B v {3 A 25 e TN O o
FIKATTER 2 h i B B 55 519 0. 05 mol/L
) CaCl, WWHA . O RFEE 2 h HE KA L6
FR) P[] 52 B 8 2 R 26 ThT L 2 S5 K 2.5 LY E SR
Hh GRS+ IR R IRBE WO A L 5) [
48 h Ji o fe— YE IR ER VM KRR TR D 30 °C
R IRAR AT 5 . 6) Z )5 TP 48 h i —E IR
R E SRR WOR W AT RN 7 d RIE L

it 5 B 7 R T) ) 6500 18 B A 908 S TORE 2 THT Y
AWy LU 5 36 b i S A 85 O 85 UL B T MICP U
AT 23 7 ¢ A MUK 55 U H22 fish A 15 AL B 2B BBk R
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BEUCTE , ok 20 FL B 23 0], A7 R0 ol 8 o 245 it — 1> &
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@!!‘iiﬁiﬂ

(d) JedsJa it

(a) FRAEIRAE

(¢) EHPRAEMICP
R A7V s
B3 @i MICP FirERKEY IR ITRE

Fig.3 Test procedure for the formation of cement by

the MICP method
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JBE 85 4 36 0 200 B AE FH O SRR R B

W A5 FE D B 5 B B L 2 T RUE A S
PR A B T A A S S B 3R AL B O B R
W, 145 I B8 T, FRER A 0 RRUAE A 2 fl A A1) 22
PR IR AN QeaE Uk AR TR G A NP Tk - s DS
BEAARA — P, IS e A iR R R T L N EE
ARG H A e e g 1) BRI, 5 Ik
e 8 5 28 (0. 3.0. 5 mol/L) fEIR il id F2 Hp & 7
AR/ IN B B TR A b A — T T W] LA 3 5 Ml Ay A
TEUR 2 WORL R T L 75— J7 T &y 3% 8l RE N 1y LB
WA OR T 5 L I o A v W BT 906 2 TBORE 3% T 1Y 20 TR
A% 70 73 DL IBUE 32 405 5 77 A8 Bl IR 45 b A4, O fif ik
PR 5 f AR 34 &) b U RRAE e A kL R . P Ik, 0. 3.,
0.5 mol/L X FE ARV AF  BU gy s LB i . W T



80 + K5 xR 3% A

FROP E O

% 42 %

0.5 mol/L il F¢ P 8% R 45 & = kL 0. 3 mol/L i #E
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ke,
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-% 80 §150
60 R
g 0 12100
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250 300
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S5 S0
S =150
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Fig. 4 Shear stress-shear displacement curve of sample

WF 2 AT LA #, M3k B S 400 kPa B, #57
e N 0 BEANZE 0.7 mol/ L. bR e 5 BE 4T 53 58 J3
h 127 kPa, 1M i 45 A Bt 5Y 58 B fe K {H 4 149 kPa,
BEINT 22 kPa, S PURY SR E S EHE S0 RN
AT L b R SR RN BE A 4y Sl Ry 4
kPa,17.33°,0. 7 mol/L A 1) Z 5 71 F PN J2E 42 71 4
K535k 6 kPa,17. 80°,0. 5 mol/L ik #F %k & J1 il N
JEE 82 f1 e ven » 0 SR D0 RN R4 AR 3 i B KT 28800 .
8.66% . Ui IR ¥R EE N 0.5 mol/L i F=Eh i 8
AR e AR X 5 AR ETY PR As R AR
— %,

2.2 HEBRESENH

AT T A& B, AR Rk R S B R 1) 3G 0 R
M) A 1 LB 23R /DN il T 5 % ek 1 R IR 5 3R )
2EVEREAT OC L 1 25 1R R I 4 IR S5 A W e 2 R
AHEBEXZR B, /] L CaCO; TLTERAE S — 1
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Table 2 Results of tests

KEE EEHIES/kPa KFETHE /(g em™ ) BUBTHEE /kPa  FHERS1/kPa WEEM/ () RRFE&E/% T CaCOs it/ %
100 1.92 32
b i 200 1.88 71
) 4 17.33 0 0
o= 300 1.94 98
400 1. 90 127
100 2.04 39 5.13
0.3 200 2.02 79 5. 67
9.5 18. 42 5.66
mol/L 300 1.98 115 6.48
400 2.03 138 5.35
100 2.02 47 9.76
0.5 200 2.05 86 9.45
15.5 18. 83 9.85
mol/L 300 1.99 121 10. 34
400 2.03 149 9.83
100 2.08 35 9.87
0.7 200 2.11 74 9.07
6 17. 80 9.99
mol/L 300 2.05 104 10. 38
400 2.10 132 10. 65

EHEMSHRER., NE 2 TTUFE B IR S & & bl
HE IR U S G BG T BG A, o, 0.7 mol/L iR
50,5 mol/L il FEF ¥4 B iR 45 7 B4 30 . 4 5 ok
9.99%.9. 85%,0. 3 mol/L & FE - 24 ik B2 45 7 &
KR 5.66% . BARUEEHN 0. 7 mol/L M FE Az 5L
(81 X5 B R 515 5 i Fe ey o (H Y TR W B R A 1Y

SIPERSZ IR W S 0.5 mol/ L i3 RE B 45 3L
BT HE G-k 5 4 5 U1 T 5T o6 AL AR
—H BRIRES E ES LB R A BAA G 5 A
[ FL B e 45 s T 5 ZR i, ANTEL 5 al R, B 3 3
ELE S0 ERE] 1600 kPa i .4 Bl ke 19 FL B L
AR 2Z 9/ e 3 T e 45 R 1Y LB L L A o T
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J T LB A A /) o S PR A AR vk B /Y 3R Eh 5 B A AL
Bt it 2l o A2 SR 7 A A7 DT DE DT B 5 B AL B R i/
AR LB R, 5 0. 3 mol/L i FER Sy 24 M e K T
0.7 mol/L ik —3,

. 0 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 14001600
p/kPa
7 - FRUEVRE —— 0.3 mol/L. —+ 0.5 mol/L. —*— 0.7 mol/L

Bs5s AHABLLEENXFRHLE

Fig. 5 sample void ratio versus pressure curve
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6(g) . (h) A 0.7 mol/L BE&5AFE, LI 1) 7 i 1
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Fig. 6 SEM images of specimens
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