Il = TREZ 1R

HYDRO-SCIENCE AND ENGINEERING

AE AR T2 T4 WXt a4 248 i E SR 220
B, B, EEAE, KE, LS
Effect of microorganism on rock crack reinforcement under different treatment technologies

SHAN Zhigang, ZHOU Nan, HOU Wangxiang, CHEN Qi, KOU Hailei
TELE L View online: htips:/doi.org/10.12170/20211111003

IRAT e BB H =
Articles you may be interested in
BXHETEESAEYIRGFALRAEI

Particle flow simulation of staggered joint rock by direct shear tests

KFKE T AR, 2018(4): 9 https://doi.org/10.16198/j.cnki.1009-640X.2018.04.002

AEEHEEE T ERBETRFE
Rock strength and deformation characteristics under different unloading rates

JKFIK iz TR, 2020(6): 48 hitps://doi.org/10.12170/20200428001

R B YIE E R R R RS
Sensitivity analysis of influencing factors on concrete shear strength

IKFIZKIE TR 20193): 112 https://doi.org/10.16198/j.cnki.1009-640X.2019.03.014

P ERZLSEER P X IR R L T LIS RE ARSI
Effect of internal crack defects on fracture properties of concrete

JKRKIE TARE2AR. 2020(5): 96 https://doi.org/10.12170/20190923001

T AE B B X R R A AT A M RE RSN
Influence of marine organisms adhesion on durability of concrete structures

FKFK Iz T AR, 2020(5): 116  hitps://doi.org/10.12170/20190906003

KPR L B 5 et 7k ife B 380 A 4R i BB ) 2 P
Effects of waterborne latex curing agent on performance of elastic cement—based grouting material

JKFIKIE TAREEAR. 2019(2): 1 https:/doi.org/10.16198/j.cnki.1009-640X.2019.02.001

Of#]0)
)

1::-# k|
st

Q

HEHENEM, AEESHEEIE KERMBELAXS, RBESHNER



http://slsy.nhri.cn
http://slsy.nhri.cn/article/doi/10.12170/20211111003
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2018.04.002
http://slsy.nhri.cn/article/doi/10.12170/20200428001
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.03.014
http://slsy.nhri.cn/article/doi/10.12170/20190923001
http://slsy.nhri.cn/article/doi/10.12170/20190906003
http://slsy.nhri.cn/article/doi/10.16198/j.cnki.1009-640X.2019.02.001

# 6 1 KOF oK B L OB % W No. 6
2022 £ 12 A HYDRO-SCIENCE AND ENGINEERING Dec. 2022

DOI:10.12170/20211111003
BN, R, RN, S R [RIAR BT 2 A M A A AN TE RO (9], /K AR as TR, 2022(6): 69-77. (SHAN

Zhigang, ZHOU Nan, HOU Wangxiang, et al. Effect of microorganism on rock crack reinforcement under different treatment
technologies[J]. Hydro-Science and Engineering, 2022(6): 69-77. (in Chinese) )

ANTFIAE BT 25N S A= W0 S A S 8 T (31 5 R 52 Wil

HBIGAN R ML AR EAR, R HD, A E
(1. P A AR AR BB T T 5 B A R B, WL A 3111005 2. WA £ TSR EIAR SR 0TA T
FEAFFE O, WiV BN 3111005 3. FP VA K2E, ILZR 75 266100)

FEEE: BEEBUEYIA SIS IIE (MICP) BARTEA A1 R4 B GUSI ST TR, I ARAE SR TR i 13 )
WHEZ o ARADITERRAE BT Z50F . S5 X MICP HAMN S 7 2SR AR, SR P 3 2%
TEIE R IGHEIK IR A R T 20 a0 2 I AT 38 A, B0 S U E I E A8 T2 29X fs i
I AL IR T LA FS R, FF R LR BT AN R R4 Ak 2 (0.5, 0.7 F1 1.0 mol/L) 254 T S A Wy iR v e 2
(8 A A T, AT IR WA PR X A T RS i 4y A A . 2 SRR I AR R RS5Ok P 2 1 T, I sl A T
TR A T 20 [ 5 A0 4% I PR TR BT B 230 0.28 11 0.89 kPa, Ji & 20 HT# Y 3.2 ; 1IN
AbBRT 2026 F I JE 0 R R X I 1 i A el 5 TR 7 5 5 8 2 08 8, L S 4 Y A 8 A 8 A, 1 5 A 2
PEEFI BRI AR AN . AFEIRE RS AT SRR, BIREACE RN 5 28 ST B3R 4% Ko
JERH W TR I A

X OB OIR: HAZEE MUEYIA SRS TR, IR, B AR PR
hE DS TU4SS XEkFRERE: A NERS: 1009-640X(2022)06-0069-09

A U075 SR PR 5L IE (Microbial Induced Calcium Carbonate Precipitation, MICP) 4% RS X84 i
B o A AR HCE W BRI S = A B RS 45 i, AR BT S 10 53 DA O JOR TR/ i DR 25 77 A Bk T
R B8 550 0 ) Pl 2 P 5 8 45 6 A IR RS UTE™ . MICP AR BAT OB AR . W sh b, g
BN PP, M AR GoK IR IR , MICP HRJE—Fhar IR | ATRRS R R E AR, A 84f
A I FH T

N Ah2EE % MICP HARTE R AR A TR 1T KRR SE TAES, (EX A e B A R sUs A 2
J7 TR SE TAENIAEXT 0 . Boquet 551 R s A thAAAE R it ) oA 2488 6 2 PR A, JF Ha
AR T 77 A DR PR E5 TVE FE A I PE T Je i g A 22 2 #5 HAH% /E 5 Phillips 580> F1 ] MICP £ AR XA A
WHLVEAT T E N R OT R E S I PR B, 8 B R R A A BRI T e i, R
MICP H AN & A A Z44% I 5B 185 2806 I RAIG; Wu S50 X 25 A 2445 vh A W 2 i it 2 1) o3 A X8
BYER ML T T RS, R BT 3R 30 7 18] A9 MICP A7 i 90 5 X BOE S0 A0 5 SCKHBAEUS) XAk 9 131
A SEAE 5K VRSN A A BRI AT T A, FEXEAN R B L 3838 1R 1/ 8 = i 5 244E SR i ]
B AT T 20T, K BLBEE B R Z WG K, B 5 A A 8% il i BN T TR X201
SEUO TT R T D A A A B B, WFSY T IR SR )X b s SR R SUR SAE Z ML s, T
WA, 1B 5 A A e TR M Re Bk AL, S 1f 55 D15 BB SR X LI A BRI T T RE )
B, WY T 2465 55 B K [ R AR AL XA A SR8 18 R AL, 3R 4% vi FBE 5 T R AR B &2

ks HER: 2021-11-11
EEWMB: ERAREAELTH%B(52171282)

EBRIN: FIEH(1965—), B, WiTTARBA, IES%R TR, FE2MAFRFKE TR A - TR S TR
. E-mail: shan_zg@hdec.com JH{E{EH: 4% (E-mail: hlkou@ouc.edu.cn)


http://dx.doi.org/10.12170/20211111003
mailto:shan_zg@hdec.com
mailto:hlkou@ouc.edu.cn

70 KoOF oK B L OB O E O 2022 £ 12 H

J5 24 5 13 R EAT —E RN, 15 155 ZR U0 PRI A8 DR S T pR RSO AEG 1 A REA5U R S £ 4
B A1 B0, 20 515R HI MICP SR MUK P 7 X H AT T, 8 a0 99 1aCH6 I o [ i S T4t
BTSREE, 15 MICP BORME T/KIGIHERIT L Z518 . UL b2 BRI R E YN e 0 RGERCREAT T — 8
FEPE BIWTFT, JELXF AN ) Ak BT 25 R JE 45 TR0 %o o A SR [T 8RR S MR I T /0, i 5 ) AR BT
L RBEES A E XS R N I o 4 2 T B

AR SR it 30 25 35 AR YT I P Ao T 200 I A1 2384, i S LU I s e e T2 61
RIKIZERAT HH A Ee DAL BE T2, JF AR RS A (0.5, 0.7, 1.0 mol/L) ZF I A= Wi i H i [
A AR, 0 235 R JRE X [ R i e AL, A Bl A 03 R S DL TE B A [ 4 SR i
HEEIBARTE .

1 R

1.1 iR

SRI0FIT FH R T 5 S A B LIRS . SRR 77 8 IR M e 0, TR R B L LA 5
BRI BV E TR b, R A FRA :
BARHE G S AU . AR CA G B 2 e TR
I TR 86 T B R 46 1 3 AR ) R <A SR
g R 2 AR IO B KRR A |, R TE B e -
IR A b 2 2440 (07 58 I o 1 UM 2448 5 47 , 5 @AREE  (b)B ihE (©) C itfE

T LD FI N Sy 1 3 S 58 B2 2 1.0 mm 1Y L4854 R
RIREAREE, K1 PR, Fig. 1 Rock samples for testing

1.2 E&REEFRRE

TR0 JUT FH R R o L CRZE AT A o a0 FH 5 3 V1 o A He B B AR UY) 2.0 g BRFR %X 1.0 g Tris-HCL
2.1 g M LLBIFREE L], 485 N A 100 mL 258§ F /K BRI i, 8715 520 pH (E 2 9.0 LIS K Gt 24
Bio KEFRMONE KR HTE 121 °C e RS T T K, B AR e e i 5 B R i R 3
R EL PG 2R FAT BRI . K P45 AR5 R R A T B i 5 v, FRIREERE 2 30~40 °C J5, Iyl
PEFT PR FPEERT . %55 100 mL KRR 5% MR i R A i E RER A rh, SRR M S TRORS KT 55484, L
BT A S B S I BV A S8 . B Fh e 5E e, 4 BRCE T RAR 5 1 7R A TP RS 85 9% 24 h, 85 3RIEE 37 C
BT 130 rpm , LIRS A HOBCR L EZORY), SR AN AR R R AT il e Y R 3R 5 T R 4
PFHEE, FIFH UNICO2000 °] WLAMEFERETF AT . 2605, B ZEFRAF B 1% ODeoo fH-M 2.3, 1 I3 77
B IR 5 X R S i B VR T, JHL TR kg PR R K s AR K BRARAS S L 1) R K ik T S
B AR BT R TR AR 25, ATV T FEL 523 L T, SR FH e R (S V5 Y PR R 3R 2 A, 0 A 43 B 5 Y
SR A AV S5 T o PR 25 A0 B B AE FL, DALk 2 W A0 5 o 2k, ARV SR o B 2R AT R A
TR MRS 4244 0.82 ms/(cm-min).

RIS R, BEE TR F PR RV TS S AL S AT B8, R 43 BT AN ) J5e 448 YR e 2 o T [ 38 S g S i
A3 SIECH] 0.5, 0.7 1 1.0 mol/L 2t 3 A ] Mk 5 1 e 45 4k o
13 KIgiE

ARYGRIE AT, BRI E B 1 s, 85 1 4R850 A0 AR AR BE T2 (G sh 2 10 L =i
HEROB R A SR . I R R 1 S AR 100 mL, 55 Bh AR E AR K 3 mL/min (&4
FA1Z9°4 33 min), 2 h JGFEARZEM 100 mL, 12 h J5FUGEA 100 mL BEZ53, IEAEE 1 5813, AR
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Tab. 1 Summary of sample information r —
T RS
PAEL (mol-L™) 5 S e
TREREHL,  A1-05-R
BUREGK. B ILAEENR A2-05R 05 A P

S EEEN R S5EM A3-05R / 3& .
DU jae 4|
100m, BfF FEEFFT  A4-05-G —
50 mm Eii 5 A5-0.5-G 0.5 R L A @

B A6-0.5-G BN el

B1-0.5-G
PRSI B2-0.5-G 0.5 RHER
M EE{Y, B3-0.5-G

AR [l 0.7~
S5, 2 BORFEE  B4-0.7-G

(a) /A

[, 7K F-

kSt B5-0.7-G 0.7 RHER
48 mm, HAZ
0 FOZEE B6-0.7-G
50 mm N
SRR B7-1.0-G
Al B8-1.0-G 1.0 RHER
B9-1.0-G
C1-0.5-G
MR C2-0.5-G 0.5 RHER

M EIY,  C3-0.5-G

KA, K- .
S5 WWEAFRK  €4-0.7-G

" WK ZERHEX)  C5-0.7-G 0.7 B
0 TERwmsses C6-07-G
m =L ENiL] C7-1.0-G (b) 12
B C8-1.0-G Lo R B2 s

C9-1.0-G

Fig.2 Diagram of peristaltic pump grouting

R AG G A A s R T, G0 0L 2488 10 A FE B T BEBAS 1, P24 4% T K LU IE B
KFERE M A AT . S84 6 i 300 mL IR (L3 1 800 mL) {5 A3 554 rh i 15Uk 78 R AE R TR
o, BRI 12 h [ B EAR TP E AR ST, IRES TS AR LN 10 1 TR B, MEA B B 2w
T2 D REE SRS AE TP IH A BT P23 o A PRIE S IR S SR T AL B T2 A — 20k, AR i
WL 6 d, I R AN 3 s

551 4R A A A B E sE UG, it WDW3100 HL T2 7 REIRIE AL 20 B IE 30 38 10 . IRk
165 A 44 A 55 V)5 BE, 10 SRR MR IR 5 K B 10 77 - 8 44 A i A I R3S .

55 2 A EAEAS 1 418 A LRt TSR A R AR I 2, T 98 AS IR e 245 Y0V 8 X 2 it ot 1 2 0t
A B Z L B By U aE EE A . RIS AR R KR R A 3 A ARERAH A (R B ], g 90 gL AT 244k
MEFEE T HEEAE T, 2R FF R R4 KT, AR TR B IR RUAE B B AR . R4 CE A3
J12E B R ), R BIE S Or TR HE B AR T i Ae AT . RIS 25 s, e i )5
FIHT A A7 et ) o7 A 42 il =X L sl B89 A 7 A T sy U1, anlEl 4 s o ik ad AR vh, Rt ik 1 .
535024 50, 100 Kz 150 kPa, Wl & AN [R) A1 1R 28818 53 ) i FL T By DTSR BE o O FUBU A E WIS MR BE X 5
SABE MBS RO, 27 2 IR0 [FIRE AR Zoad Tl b ) S A B 1) A A A A A ot R A
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(a) IR (b) AT )
B4 i e AR ] e sl B BT A
K3 BRIEHERGRA S R Fig. 4 Modified strain controlled electric direct
Fig. 3 Immersion grouting test process shear instrument
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21 ARCEBTZMEREARENFEIYIRE
W AN T) T2 I A B4R T R S R IS S
WG, 4nPsl 5 Brzs . AAIEL 5 Al UL, SR G Sh AR 5 iR
WS AL P, S B 4R b 7™ A Y AR T DL A Bk R 4%
ULVE, B BRES UTE K LR ITE . SR I 8 2 12
AR BRI B A RS TR DG, 2 1T P M R4 (] S
FEMRPR B LD ORI/ N 31 HESK T A BUR 1Y

ARSI DY B DTVE A 2 oMLK, EL AR ) e @ KBEE ) WHFEE (o) B

Z H G WOR A IOR S5 U, B SCR B Bl S RIFAFEE B
EEFH IR IR | I VTR N [ A B 4% o AR R Fig. 5 Comparison of different rock samples

WIS A LI 6. SMHTT L, B ShRIES .

RN B 5 U 58 B2 - Y {E 20 0.28 MPa, 11 o 1.02

TR 0LV I A A o [ A T A BT B 5 R P {2 R £

0.89 MPa, 21 i # ) 3.2 i BT ETIK B2 U, WL =

G A T A R L, R T A o R 0 =

SR, TEMEERR b, A] SR A [ 4b BT 2SR EO“

Yy DB ARSI ) o TR, WG B AR 02-

IR n ] DX SR ) A B R 45 10 1 90 14.68 KPa, 0

T2 T VI A R DX S A A B 5 N 20 &

45.06 kPa, ZJ NHTE ) 3 1%, va%fj]ﬁ%jzélﬁ S
LIRIPHARI, ATH TG S AR EARAL L 2, 6 WA S R T 0 S

/@{% 9{}21%2%# %I%Eﬁ ’ ﬂ% EE 5t ﬁﬁ? JCJE—'%EE Fig. 6 Interfacial shear strength between peristaltic pump

B. HERAET: —J7m, WahEER S BRTRRS grouting and immersion grouting samples

A RAE 41 A IR LA TR BIARES, BT A I SR [R] AN A2, 540 1 BRI B U THE A e s 55—
T, B B PR B 7R REE N G AN WTILTE, BELAS 15 28 RS 8 IR IR BTIE ., A0 2L 4% N TR BR TR 55 L VE K Bl
b, BEA AR MR 1 A S T A X e A EA TR 45 5 TR PR Y0 R Ak BT, 5 e SR I I [ J52 Y £ B
TS R AT, 38 JOSE IR TRV, A [ P[] PRy 52 8 e A R e R B 22, LRI IR B9 Kt F A e A
Fagrh, IR A AR B T RAF I EEROCR . W, PIAME R T2 RBOR s AR, WK 7 s, i
SNATEIK EEMCARE FARRR AR A RLAE N AR S HEAT N, TR HE I T e S T IR R A o 4
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FEfih, HBOT AR RLLE VY JE 58 4B A AR (A]
AR ) s R e J3E PN 9 9 THE R T T v AR K, 3 [ A ]
DA RISV TN ] A R S R B ) D A

22 FREETRE R R R R E R R fOR E s "
5. 99 430 U K 77 kB 3 1 - R
PR F e A 7 Vs R A
A-DY VIR AR M. Bl . B 0y VI e % Fig. 7 Flow diagram of rock sample bacteria fluid
W R, A SR BN 1B R . M TR E A during grouting

FE (& 8(a) ML 9(a)), MBI YINI R K H] 0.93~1.07 mm i, BY 5 1K B WA J5 B i ke T FF . 1= ISR &
e, BT A FPOR BB A B R AR OR o X F R R T A SN S e A S s Uk
AR BTG A AR BEARIRI I, b B aed A v B 7] B8 Bt 1) 7 0 48 RO i O, K PR g S T - e
PHUCTE- A = Z (MR AF AR RS T, B EE8 J7 BVA 1) s 3 B8 T 22 0 K5 A0 [l D AN Z OIS DL F,
W S 2 R 2 1 T A 5 T 5 L) 8 P W R M R o AR EERIN I 5K, 1.0 mol/L R A5 N 8] J B 5 T 3
DI BE R AME AR 1 4~5 A%, R LRSS IO HE X o 41 ZREEME SRR (. 7% o AEAR RIS A BE | 1]
WL OAEFITR , RO AA RN 18 St 5 U0 B2 i T AR A AR 50~100 kPa, 32 i T-RITIRCARRIRL4E K
JER T RIRER LA B2, TR 0T LA S A b 7 e i 8 vh A OB 815 TTUTE LIV S A LA EA T I, by 15 A
PR RS e R SR TR AT T 78, LA N [ RCRB

2001 _5_ 50 kPa 200¢ —a— 50 kPa
—— 100 kPa —— 100 kPa
£ —o— 150 kPa £ —o— 150 kPa
= =
= 100} =100
= =
R =N
0 1.0 2.0 3.0 4.0 0 1.0 2.0 3.0 2.0
B FS/mm YIS /mm
(a) K& (b) BEZSWHRE 0.5 mol/L
300, 300,
—A— 50 kPa —A— 50 kPa
—o— 100 kPa —— 100 kPa
—o— 150 kPa 0 —o— 150 kPa
< 200} < 200}
=¥ =¥
- <
R =
=] =]
R 100 &R 100}
0 1.0 2.0 3.0 4.0 0 1.0 2.0 3.0 4.0
B F%/mm FFYI S/ mm
(c) MEE5 WA 3 0.7 mol/L (d) BEEE W% 1.0 mol/L

P8 B AL B 1 - R G R 2k
Fig. 8 Shear stress-shear displacement relation curve of cylinder sample

K10 N BIAER KI5 RAREBT VI (5 1m0 ) e ARt 2k . ARAESCR ML, nT s A B2 )5
PRGOS BEE A (WL 2) o AT LUE Y, IRV T 20K S AL R | A J7 A A A S T R 4 A A
40°~60° W TSI A A SR E R I, BIFEACA R R R 14 T 33.92~48.64 kPa, M KI5 A%
FEREEF BRI T 128.64~142.72 kPa, N FIAEMCAFE SRR J1#) 2.9~3.8 47 0.5, 0.7 Al 1.0 mol/L Ji
SEWAL PR AT ARG R 103 3 AN 5 A0 2L4E R J1 1) 106, 116 1 152 %, I T 20 s KI5 ik
EREREIR 150 AN 5 A LA R R T 22, 24 1 25 £
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300 300
—— 50 kPa —a— 50 kPa
—+— 100 kPa —+— 100 kPa
—o— 150 kPa
<200+ <200
=¥ A~
= =
R R
= =
B 100 100
0o 10 2.0 3.0 4.0 0 1.0 2.0 3.0 4.0
B S/ mm By Y #%/mm
(a) KfEHE (b) AR 0.5 mol/L
300 —a— 50 kPa 300
<200 <200
=¥ =¥
= =
R R
= =
100 100
0 1.0 2.0 3.0 4.0 0 1.0 2.0 3.0 4.0
B FS/mm BT F%/mm
(c) BEA5 WM 0.7 mol/L (d) BRE5 W% 1.0 mol/L
SN SR INF = L T WAR VL SSEN 2
Fig. 9 Shear stress-shear displacement relation curve of cuboid sample
800 800
+ ARAbEE + AAbI
A 0.5 mol/L A 0.5 mol/L
600 L 01 0.7 mol/L 600 L 0 0.7 mol/L y=163x+142.72
< O 1.0 mol/L y=1.54x+48.64 £ O 1.0 mol/L R=0837
j\g R*>=0.966 §
_ 3=0.97x + 136.53
F 400 y Rlz-i466 9*5 2712 E 400 R>=0.996
ig y=1.04x +33.92 @ y=0.83x + 128.64
& R>=10.993 & R2=10.986
200 | 200
y=0.39x+0.32 —0.14x +5.76
- y=0.14x + 5.
R*=0.995 R2= 0987
A . . , Lt . ,
0 100 200 300 400 0 100 200 300 400
LN S1/kPa BN ) /kPa
(a) AT (b) K AR

P10 R 0 09 07 DRk 1 1o G 2R i 2k

Fig. 10 Relation curve of peak shear stress and normal stress of rock samples

P11 D B KT A RERE SR B R A5 i AL e 2 . m] UL, [RTRE(R | ROTIRARE R T B R 57

TR B 1 RS R M SO B, T PR e [ 238% BT 2 3R 0 3 Il B B W o T IR AR A R . i)
1, 3R RGBS A 5 R O B VIR OG . — e R BESE IR A, 5 TR e JEE s , 2B U B RR B DL A
R RE R PR LA i A, R TR R RS A O A7 A RO SRS AL S A TG, A LA B R 515 ot L 2
) AH ERG 25 55 G2, (0 A 73 8 1 A 2 R T LA e P DR AR 1 2 (I DL B A R 45 4 T ) R 4 A — 2
[RVRE R A1, JCIE BRI S fty PR 2 R R RS, IS B S iR 55 2 A Z (B R4, LR 3R T R B T EE 4 A A L

A A AR B E R, IR BT 9 AT R4
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o A B T B T 5 250 ¢ o
=2 AERESNTSY A PRI y=14171x +25.48
Tab. 2 Interfacial shear parameters of samples £ 2001 o KRR EE R =0831
— e REFE S/ R §
(mol'L™") kPa e 150 °
& o °
0 0.32 21.48 = 100 | y=48.27x +3.45
0.5 33.92 46.04 w R2=0.954
IR S sol
0.7 37.12 53.35 &
1.0 48.64 56.93 @ X , , , , , ,
0 02 04 06 08 10 12 14
0 376 8.19 IG5 ((mol-L )
0.5 128.64 39.54 ISP
Kk o 136,53 sinl Bl 2R R T o BERES Wk AR L

Fig. 11 Variation of interfacial cohesion of dimensionless
1.0 142.72 58.50

fractures with concentration of cementing fluid

2.3 RIERMER BREISITURRS

TR I 0 -\
TG R BRI E R PR AL T (SRl

LB (SEM) 185, LFAT A A RE T IR £5 0
VETM 1 OS5 AMRRHE o 18] 12 S HOR 100 45 5 %

(@) REUNEEERIRE  (b) PR

FRAG 4 fh s BB A o Al LA, A FLIN AL S il B 12 R I A R
i ERRIR S AR RIS TE R AT, 45 AR JE R, Fig. 12 SEM of interface calcium carbonate precipitation
RLARFRR/INAS —, A/ NJIURE B AR R 45 58 B2 1 5 R it morphology

L, R AURYE [+ P R A% 1 B 40/ B4 SR, (508 AR 0 g ) T A 95 4 T 2 [0 7 £ LA e (A AORY, Ay SR ) A
B, R 2R FIRE AL ARICR . S5 RI, PR R 3R I A S e R B0 A AR S5 AL 2 TR - | ol 2
52, FEATCFLBEURIE /N SR8, 0 T BRI B b MR ) 45 Ay 1T AR e i, LA i 09 A OB SRR T 25
AITEAHRRIE, 5 AR i S AL S5 1 T .

3 % iE

AR S FH G 20 5% 13 9 15 18 Y S AN [) T 20 3 A Wi S R 0 T T I Ay AR BRI AT
FEMCEER b, BFFE T 0.5, 0.7, 1.0 mol/L JBEZ5 WM BE T AN [F) R 4 AT 1) Ao 23 T B D) o 28 AL LA, A 45
WU

(1) 3% B0 Z8 R A [ f A T B )56 52 S350 R 0.28 MPa, 12 0 25 - RF in [ J5 3L 1 b BY 5% 13 571
{HZ9°4 0.89 MPa, AL TFIG S ZR I T2, 12 WOV N A 2% N TR T 4y, e S 2 J R R = v i
P TR P2 A B SR, TR B AR T )

(2) B ZH W MR P R WL HE IR0 [ 5 A SR AE Y E B R . — e JE N, B ok BBy, Il s a4
ZA5% S BT U)9R EE R . AREC T AR BRI AR, Sl RHER S W A R R R A R, EOm R S i
T ERERE R IR AEAE R 3~4 £,

& £ X W
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Effect of microorganism on rock crack reinforcement under

different treatment technologies

SHAN Zhigang"?, ZHOU Nan’, HOU Wangxiang’, CHEN Qi’, KOU Hailei’

(1. PowerChina Huadong Engineering Corporation Limited, Hangzhou 311100, China; 2. Marine Geotechnical Engineering
Investigation Technology and Equipment Zhejiang Engineering Research Center, Hangzhou 311100, China; 3. Ocean University of
China, Qingdao 266100, China)

Abstract: In recent years, the research of microbial induced calcium carbonate precipitation (MICP) technology in the
field of rock fracture repair has become more and more in-depth, and is gradually applied to the practical engineering
field. In order to deeply study the effects of different treatment conditions and different cement concentrations on the
effect of rock crack reinforcement by MICP technology, two different processes of peristaltic pump grouting and
immersion grouting were used to carry out indoor tests on rock cracks, and determine the optimal process of rock crack
reinforcement by microorganisms. Based on the above test results, the optimal treatment process parameters were
obtained. On this basis, the test of rock crack reinforcement by microbial immersion grouting under different cement
solution concentrations (0.5 mol/L, 0.7 mol/L and 1.0 mol/L) was carried out, and the quantitative analysis of the
influence of cement solution concentration on the reinforcement effect was carried out. The results show that under the
same cement concentration, the interfacial shear strength of rock cracks strengthened by peristaltic pump grouting
process is about 0.28 kPa, the interfacial shear strength of rock cracks strengthened by immersion grouting process is
about 0.89 kPa, and the interfacial shear strength of rock samples strengthened by immersion grouting is about 3.2 times
that of rock samples repaired by peristaltic pump grouting. Under the condition of immersion grouting, the
concentration of cement solution has a significant effect on the interfacial shear strength of reinforced rock samples.
The ratio of interface cohesion between reinforced fracture and unreinforced rock sample increases linearly with the
increase of cement solution concentration. For different shapes of rock samples, the results show that the growth rate of

fracture interface cohesion of cylinder rock samples is significantly higher than that of cuboid rock samples.

Key words: rock fracture; microbial induced calcium carbonate precipitation; peristaltic pump grouting; immersion

grouting; cementing fluid concentration; shear strength
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