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Abstract

Microbial Induced Carbonate Precipitation is a new green reinforcement technology, it has great
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application potential in the field of geotechnical engineering. However, there are few studies on
the reinforcement technology of Microbial Induced Carbonate Precipitation. In order to determine
the best reinforcement technology in MICP reinforcement test, through the MICP strengthening
tests of different strengthening technologies, the effects of different strengthening technologies on
sand reinforcement are studied. The results show that the two-phase reinforcement process can
make MICP reaction more sufficient, calcium carbonate precipitation more evenly filled in the
pores of sand samples, significantly improve the structural strength of sand samples, and has good
adaptability. The research results have great reference significance for improving the reinforce-
ment effect and uniformity of MICP.
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1. 5|8

H AT AP TR0, wT DAR A 28 1398 o B0 s (0 B A P P i R AT BB A A FH 45 G IR S )
BEES IR AR OIS, 1% — I NI R RO B AE P15 3 R RS TR (Mlicrobial Induced Carbonate Preci-
pitation, B[l MICP) [1]. MICP Jii [ # AR A= i IR BR ES 5 — Ak 2% S i P IR BRBRE5 AN [F], X M icE i 5
MIBRERES I A AP RHE — R LA R, B RAFRIRREERE S, v DLRERA SR RO R o [F Bl U A b A
EM B RN T 2 LA M R R 2], S R T AR R R T R g2 E 3] (4] [5]. HAT, EW
ANEELERAEYIRN 6] WAEVIIREE[ 7] RS E8] (915 /T T T B4 AL, #R3TT MICP
TN AT AT 1 ol A, E I SR 7T 32 B AE v /E MICP YRR 5 7 T, %I L 2 mk se e [10], Ak,
AL MICP AFENE T2 8875t %, FIH MICP BA o AR AP #EAT I, % B2 AN [En [ 1
26 MICP i[5 S 5

2. IREETER
2.1. WEDAE

TR 56 3% N AP ] S 3 1 A 40 e b £ A B AP0y (CGMICC) T S8 ) B2 B A 78 )\ B BR 1 (Sporosarcina
pasteurii), CMGMCC %w'5°N 1.367. & XL MAEM AT IEA,  FERS INAASEE Tl A M e o _E 356,
ZJE i PR A, RS TECE A, FTOTARZE. FIR R 1 ml AR RN,
i 2R TR RS A VA FOE R A TE BN S AR RS E T, BURGHE RGNS . 2
Ji I FH PR DL K1) 20 200 A 2 2 ] Ak s 37 B AE A E D TR B R AR N AT 85 9%, R PR R R
AR A EETE S, 16 30 CHEEJCR M NPk B8 TR = B N (18 1), B HE TR R R 77
FEM LA 30°CHI 200 r/min s AFRE SR 24 h, WUARE IR B2 HIERURAS M, Wl 2 B, PEA I G R A
SR YITE R B 7358 P9 KB B o G /v S B R RAE 4°C A58 H FH SO LA 4000 r/min 38 3 250
20 min, ESOEMERAE 3 FoR, SRS EIEE BER, BCRNEUIE RN H il -80 CA R IR & o AR
ISR IR IEEC TN R . FBERHEE 20 g/, SALEZ 10 /L, BFREE 10 mg/L, SALARE 24 mg/L, ZEME/K 1000
g/L, CPRRIGFRFEERCTT FFIMANLEAE 15 /L), FKEN 1 mol/L EEAANE TR 775 pH 8 9.0.
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P, AR50 B FH R IR B P2 1.1 mM urearmin” "o A F 23606 B HHIIEOE B, A9 3R56 T 6 ODgoo
N 0.633,

Figure 1. Liquid medium

L RiEEFRE

Figure 2. Turbid liquid medium
2. R HRETREM

Figure 3. Bacteria liquid after high speed centrifugation
3. BRBELENER
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2.2. RNBHEE

AARI: P SR AT PR R AN AL IR SV JRERAE MICP [ B HR (EBR IR IR & T, AL FS7E
MICP J 37 PR A5 2 i, S5 3CHR[S T BJRZIR N 1 mol/L, SALFSHREZN 1 mol/L, MR IR
AAMEAA AR Z LN 1:1.

2.3. MICP jinE#b+ iR 58

IRIGHO I EARUERD , R N A ARE, DO IR RE B PVC AR A OBBLE, 7RI TR
MRS WSV S, R MR A B4R 5, PERE R ZE N FLAS B 28, MR AL Do B B R Bk IR R
EAVENHEKIBIE, 7555 by B A 7T U8 5T VA HE e

RIGFEEWE 4 For, ERBKHBNERIL, EEERN LR AT, BESE, 2R
BN 250 g HEFRAERD, WPFERIEEN 11 em, SRIGTERPFETTGR N JEARAE, W/ NERT PR IE . N T
B SEAS [E 0[] 7 2O G A 0 B R PR s, A4S e > ) B AR ] ASURR I [ 7 =gk A7 e se . B A n &1 77
XN HRRABMACENBE A, HERRED A, A NADIRES . RIS, mJEAN 100 mL
FRRFN S SRR ST, RIS ISR AR Z Lo 101, TSI AT, LRSS RAEE IEH T2
e, HERRAEWES FIRP IR 2~3 Ik, RATEIF R SIEM MICP ERDAERURL R 784> Mo DL B
BN 1 RGEEE MICP JnfERE, AR NEEE 8 . WA 708 : e 28 ACE AL, HE
BRmb IR A, A ANMARES . WPREIATS, R HE N 50 mL RVRE# & 1 b JFHT R AT, ik
WAEEEH FHEH . RE BRI 2~3 WK, i B RA )\ SERE Y S ER RN R T . 285 M
FEIBA 50 mL MICP M, FTFFFE IR, s Myl AEE J/ER FaAgHE, REBANRMNIE 2~3
W, KRG LS MICP fERDAEBURL [ 7840 Mo LA ESD IR 1 IRSEEEM MICP InER5E, kN
[l 4 8 . MICP J b5 S K b RE L 1 d 5 FE DR OO N5 /K AT I K A 3, D BR 5% B 7 3
TR PR FRD RV SR o

Figure 4. MICP reactor
4.MICP R R 3 &

R T R A S BOE R IR, T IR R AE 30°C HIEREE R T, ARG InE R RS
WL, A 4% g i 7 R T MICP N5, B 4K U & 77 Rik4T MICP InfE s . &4
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ZANEE, RIE B RO 8 IR, NI SE R SRAEEL T S, R R HE VR AR R T RE ARG ATLHEAT PR e 4 R
BEIMEEZE A 1| mm/min.
3. REERS A
3.1. EREEIERR

I 5 aTUUEH, B MICP N RET, FABURIRD RS 0 E e B — e s b AE . A 4k
FET G AR A T2, AT, bk se iR E, WHERMEEE W HBRR S A bl 2, EHE
LR RREE LR E ., IWNE 6 B AN, B AR A v 8, ik e B sy, w
FER M ATE W AR ERES R AL 2, WA RN B D W AR VE LR

i

Figure 5. Group A sample
B 5. ARk

Figure 6. Group B sample
B 6. B Rit#
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3.2. BRERY oM PRI ESREE

MR (- TAREE A EFRHE) (GB/T50123-2019)44 18T /5 A D1 80 mm K pIAR#E IR, 2R )5 K
FH EAR AR T BEARIE LA T Bl R 4R, IR 7 vk, A ZHRFE T MIBR PR S8 310 kPa, B ZHiFE
T BRGTE SR EE N 436 kPao BT B ZHiaCRE R FH XU I [ 77 20k AT MICP AL, fEENE R G T E —
BT [A] 495 58 22 A AR P A TERD R SR R 1T, A A3 HE NI S B AR 7090 IROBE, AR R SRR A SE 70
WPREALR . A ZHURE SR BAR N 75 30k 47 MICP InE e, MIE 4 ZRFERT AR, K s R B,
WIRE RS, KRAT o8 ERGBAERIL A, X2 m TR AN IREEE % T IRE, 7
TEJ I R] PRI 5 S S AR RS, PR A BRI AS DUE . T SRAE n ] 7 205 8 MICP in ] e B ik
PR, FEIRABWOE AR 8B BRI 7= A R BRBRES (F I 78 7 WURLFLIR, DR BLRDFE R R e 58 4 E 4T MICP
INE S, 3 RAPFEINE AT, T80 A AR FE ) TE MR B 58 AR .
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Figure 7. Unconfined compressive strength
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1) SUKIHNLE 75 3R A8 MICP B0 RS BN 784, TR S B 76 4B B R RE PO, 4 2 A B o ot
IRES TN S WISA 7S TRVEEFLER R, MM IR S b REFE IR SR

2) SN 7 2 45 MICP Il it T35, S8R B 58 BB B IO RE I A B IRAS, i B
PERESERbRE FARFLRR, &R S MISEANE, MR T RORER AN (A M. R, UK 0 7 =
B3 F T MICP i 2 37 v
H&e&mE
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