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Abstract

Construction of infrastructural facilities will bring about serious soil erosion and bring huge losses
to the ecological environment of the slope. This paper proposes that Microbial Induced Carbonate
Precipitation (MICP) is used for slope protection in cooperation with vegetation. Through the di-
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rect shear test of the reinforced root-soil complex by MICP, the following conclusions are obtained:
1) The root-soil complex has an optimal root content between 0.4% and 0.8%, which is greater
than the optimal root content. After that, the various strength parameters decreased; 2) MICP can
increase the peak cohesion of the root-soil complex by 30.3%, but cannot change the strength law
of the root-soil complex with the change of root content. The above results show that MICP can in-
crease the strength of root-soil complex in a certain range, can be combined with vegetation pro-
tection, and has broad application prospects. The research results of this paper can provide a re-
liable theoretical basis for MICP’s cooperative vegetation protection.
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1. 5|8

AR, BEE R IE AR R PR R, Aok X 0T R R IGFI, AN a] kb i 2 38 oK 19
Ko RETGHHXEA W, BARREESR, —HRAKTRK, STHX A & F0 e 0 e i A vl 13 1
BN BRI FF O SR WM A A, DLGeREE L s, XU R — e R REE T
SE WAL, ARAEELIE SO TR E R, TRRIEM m DA SIS AN KPS0 . R 2 4R T R
WrIEA .

RBP4 3 B R AR R AN E . TR AR 1], XT3k i 7T B AR
e A 5 i BERRAER, FEERMMT AESH RN T E, BT HAKEE. s EkR
AR Rk, Bk, Ay LR AR, e R I R b R AR KR A S 5 S . T (e
RGP SRR PN PRAE A 0 AR O B L G I B BRI )L BRI TV 05 P DA SR AR - S A Ak )
SRIE, RMPAESIEOEE TP i U F o i R . R, A SR R MICP HiR g
TR IR EE,

WA S BRER 5 VT E /E F (Microbial Induced Carbonate Precipitation, B} MICP)TE & + T2 A4
YIS 2E SRR AL, PR AU (RN B IR R EOR, IR TR,
B TRENESRI&E . HIFEH IR E YIRS Y S — P IREE, B RN IR R 20 R U AR 28 - R B FRAR
BT o RS BT 1 5 T AR B IR G I B RRIR AT , B Je LA T 45 A P P e B 05 2 70 i AR LB,
Y PR SR A8 2 il — A A

EEx MICP [EfEwb+, EZPPAY T MICP LRS- RPERE[2] [3] [4], H AT MICP RER8 5 FA K FA BUT
T - J5UR [ 4k R BE 05 7K %2 5~30 MPa [¥UR[E RbAE, B E R E N “APKie” e L EL[S]. T
TESERR TR, AD Ly SRt T BB N TR L, A 2238 X MICP [0 RS L7 T MG AL, XAk
+4 MICP FEL G RV E VE SR BETT R (K B Se3h, WA R, 2 MICP EML)E 1 LARBE MR e R 1% 2
NEEG (6], LI 9 KA S FITCMIBR BT 58 B2 BB 42 =1 77% (7], [RIE &I MICP A= r= i R4S & 0
BBV KRR, WEZAMEE— MR BR8], il T L& EH MICP &1, ik T MICP
R RN EIETR CACIP

DOI: 10.12677/hjce.2021.103026 236 +ARTHE


https://doi.org/10.12677/hjce.2021.103026
http://creativecommons.org/licenses/by/4.0/

2. RIEM RS E
2.1. R

2.1.1. +#
R EFEI A BRIV EEINX, BERE 2 m, RIRE KR 23%, ARSI B bR ILE 1.

Table 1. Physical and mechanical parameters of soil

F 1. TYBENFESH

tL&E G, AR /% IR op/% YEIRFEEL 1P FAREEFEE/(grem™) RARETIKE /%
5.6 332 19.2 14 18.75 20
2.1.2. BM5EHF

TREG Y oN IR ZE A )\ B BR T Sporosarcina pasteurii, W E B A Y0 B P PRyl BE 2% 01 2 I Il il
AEWH 0> (China General Microbiological Culture Collection Center), CGMCC %5 1.367 (& 1), F-T4H
JHE Ak DA TR I R R 2L (W C 7 A B RS I 20 g/L, &A%z 10 g/L, @ALER 12 mg/L, SR 24 mg/L,
W pH=9.0. £ 30°C, 200 r/min FMEIRE Z AN R TE 24 h, KA B FRA0NE FEERT 0.1 s/min B A]
F Tl

2.1.3. BfpRTE

BT R A RAEAE b, SR HIAE 121°C, 34T 15 min (SR KE, A HMAE)E, £
PR R G PR [ (A5 7R B A A RV BNV B, NN 2 ml HOl, BN SR 80 CUKAE 1 IR AF
2.1.4. BREEEHIE

S5 R Sy MICP E ISR AR 0 B2 JRZRIES 2, 3% FH IR S50 1.0 M, IRE5W(1 LYRC 77 &
b5 111 g, JRE 60 g.

Figure 1. Agar slant culture-medium

1. BEEFE

2.1.5. EHERAR

W RS E 3 N A 4, VEBURE R BELARAE 0.5 mm B 1.0 mm 2 J8], JN{RIEH R AEFRHEHGR A4t
YRR, IR AKERT 10 mm, /NT 20 mm. FARER AR AEYEELRR, SRENEER 0%.
0.2%- 0.4%- 0.6%F1 0.8% (% 2). M-SR ER]% 3 4ilfF. @IS RERRAR A K AHE
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ESAENE

#e, AU MICP fEREH A I BIPE A -

Table 2. Root content design
%2 SRR

il BRCN SARE% RR T g

T1 120 0 0

T2 120 0.2 0.24

T3 120 0.4 0.48

T4 120 0.6 0.72

T5 120 0.8 0.96
2.1.6. THEHIE

B RS 2 mm G, EECKIAR KT 1 mm (550 T #1082 A ARE . JEI 2 R, Hd
— 1A H MICP FeARXS - RESHAT M (GE A MICP SE5G4H), H—HAE NS AXTIRA . 2 4 FEE KR
RS2, SN 20 mm, EA% 80 mm. K& LF AR EENER TR, BT MICP nfd .

22. REERESEZE

2.2.1. MICP 318

SRR 5 AR GES 78 0 3E4T MICP 15 H, SR R VRS 2833 3% 5 s AR = 2 AR, XF T2,
T3. T4. TS5 Sz H i AR 33 513 5 4 ml BV 4 ml REEW,  UMRIETCE W F i 45 W Re %
e AR I Ry SR IR G R S, KRR, RS — 7 RIEEAT MICP 40P, T1 XFHRZHAR K
TERE NS B 1K,
2.2.2. HERE

SHAREREAT BB DRSS R Z)-3 BN AR B B0, #8013 = 0.8 mm/min F#E{T 6 mm
e RS RRE BIZE 100 kPa. 200 kPa. 300 kPa ¥E A8 J N HEATEIY), 8 )y - RiAsh 2k, il
BN KB A IR PELE B EE R N A N PR sRE, X T ASRE L Ef R, BT UIAIEE 4 mm AbR
BIIRRREE . N Ay - AR (4 TARES TR ME) (GB/T 50123-2019).
3. RIEERES N
3.1. SRESHMBHTWL

N EEE R B AR - AR SREE R FR IO, SF SR E SHE IR RN, WE 2 fir. A
R KN ZE T8N, AT LA ERAR RRZ 0 7 K /METF . ST ARE MICP {ERIIR R &
R, 245 R 0.2%8 TN E 0.4%H], K556 158 FE 8 N T 5.19 kPas B9 F] 0.6%H K5 77890 T 12.68 kPa;
M EHEEME] T 0.8%, ki /) T T 9.73 kPa. £ U/E SR EAE 0.4%~0.8% 2 (A fEE AL SR & .
MXT474E MICP fEHRREE &4, FIREESHRE 0.4%~0.8% ik FIE(E, HAKEE 5 RS MICP
IR Ak —3, (HHIGEI/NE R T A S MICP IR T84k, VLB S AR B0 1 8 & pRom B (1 As
PR e MR, MICP R G Ml L Sk s,
3.2. MICP ¥R+ E & @AM

BiTE 3 /E, A MICP HIIR L& &R Prey o E AT M-SR & NEFE s T AR MICP KR L&
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A, XAREHT MICP DAA Ak 0= (1 BAG IR S5 VE - RIRRBRES I /b 1 L ARIRI R ALER, 358 T L4k
I IRG TR 775 7E 0.4%I 35 T 16.99 kPa, IEH ) MICP %R+ 8 &R SRR THE W &, #2717 kR
TS T 36.2%, MTEFIRE 0.6%0 KR I3 m T 12.56 kPa, 0T 21.1%, AR ERIKT. H
IEES R SR T3 72.25 KPa, AR UG IS FIWEEAE, 31X Ut B 7E WA AL 5 B A 32 B2 AR M RE A . (EXTT
JEPEff, MICP X T 550k [a] (el A SR P e/, RIS T Y EE R M 4R THE AT R, HlE —H Ak
TR, XRIWKTE MICP FIVEH T RES B 47 (A L RAH 45 4 .
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Figure 2. Relationship between root content and cohesion
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Figure 3. Hear strength of root-soil complex

E 3. REESHREREZ

4. &g
FF MICP InEMR 8 &4 E IR R F, WFR-SREN MICP N[ 8 &4 0m fE 240 1K) 5
M, FHLPLRILAEE L.
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1) REEEERAETHEN 0.6% AR BIPIIE(E 72.22 kPa, R ERELE 0.4%~0.8% 2 [AI1F- £ B AR
TRE, SEREET R SIRER, REEAMEEEITE T .

2) £ MICP fEH T Ret i Ml L2 S ADIBTREE, P4 14.46 kPa, VI3 &E 30.3%, MERE
MR SRR, SREIITA TR, £9 MICP ANRESAR + 5 SRR AR L A, E L0y B4 A
EEIRERTRM SR ER IR mAR L2 Ak B A .

3) MICP H45mAR 15 A Ao B 1 2 2 i DR A2 |h T T B IR 46 PR IR BRI A5 384 K 1 ok A ik, &
FORLAAR 2 0] () T AR, WGP RB G, dhmsn TR L5 & ksRfE.

SR, AR SCALET X5 MR B A AT AR EGE 7E, BT WA R FE 1) MICP 1 A 2 75 B RIRE R e,
W fp ik — R

mBE&EE

B 2B 7 AE BT AR E AE T O B SR 3 2 A KL R A 7)), T H
S YKICX1920609.
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