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High strength test study on coral sand reinforced by microbe
and fiber
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(Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering; Jiangsu Research Center

for Geotechnical Engineering Technology, Hohai University, Nanjing 210098, P. R. China)

Abstract: In this paper, the effect and mechanism of microbial induced carbonate precipitation (MICP)
combined with carbon fiber for curing calcareous sand were investigated. The effect of carbon fiber on the effect
of MICP on the consolidation of calcareous sand was investigated by a low-round grouting test, and the optimal
amount and length of carbon fiber was determined. Subsequently, high-round grouting tests were carried out to
study the sand column strength when MICP consolidation fluid could no longer be injected. Through
comparative analysis of experimental results and scanning electron microscopy (SEM), the interactions among
microorganisms, carbon fibers, and calcareous sand were analyzed. The test results show that the addition of
carbon fiber can significantly improve the strength of microbial reinforced calcareous sand. In the low-round
grouting test, the addition of carbon fiber can effectively improve the calcium carbonate production and
specimen strength, and the calcium carbonate production in the fiber group increase by 15%-34% and the

specimen strength increase by 135%-217% compared with the control group without fiber. In high-cycle

I #5 H #1:2022-08-08
EEWHE:HEK AR AL (51578214)
YEZE B A 541 (2000- ), 5, FEAF AW S L TFROFS, E-mail : jlangzhao@hhu.edu.cn.
EEGRGEHR) B, 2042 W +/E 2, E-mail: peng-jie@hhu.edu.cn.
Received: 2022-08-08
Foundation item: National Natural Science Foundation of China (No.51578214)
Author brief: JIANG Zhao(2000- ), main research interest: microbial geotechnical engineering, E-mail: 1972394553@qq.com.

PENG Jie (corresponding author), professor, doctorial supervisor, E-mail: peng-jie@hhu.edu.cn.



% 54

AL S B 2 A B4 TR A 8 B R IR AR 65

grouting tests, when MICP consolidation fluid could no longer be injected into the sand column, due to

differences in the number of grouting cycles between the two groups, the final calcium carbonate generation of

the fiber group decrease by 4% compared to the control group without fiber, while the specimen strength

increase by 11%.

Keywords: microbially induced calcium carbonate precpitation; calcareous sand; carbon fiber; ground

reinforcement

B R S — A VE DU Y TR0 TS (R
Vg R ) S B R A I A D A S
e T BB WL B IE 6 R IEAE R AT AR SR
Bl K g 4 2 e VY Al R, T R N T
I R BT b A 85 LU R A A A U K 0 K R e A
FH L 52 44 10 Hi 53R 3 R AIE DA B 45 2 bk g B4 B8 5% 14
SR TR ER T RD AR B A LB R R IS L S
Tl B 4k R R e A BT BE 4 7 AR D AR
T 4 T R AR T DA b 4 HL 2E AT fin R Ak BED
T T 9 EE 2 2 KB, A7 B A B AL R B i 2, B
MEE T A A A IR . A W5 5 IR S T TE
(MICP) A, & — B R 3 2E 90355 3 8 3% LT
WA DA S5 b 4 BURL E S A AL B R 3k ) [ 4k
AR RS AR B S R B B0 AL i E
AR AT I il L R U 45 A R T A T e
IR AF B e g B i R PR BV R T
I FH 2 SCRI T R B R A 52, SR I MICP 4%
A5 RS AT 0 R, o] LA R e AR B
AE I i M LA

A BT, AR YK U i 1AL B8R 8 TE ik
SE 4 5 AP K Ve 0 B BEAR IR 55, o8 A I T
AL BRI TR Z UL, b, A7 38 5522 B0 27 4
i 5 MICP M5 &, I IF | 1T A7 5% L A [ 1 38 46
W5 . B & B, 45 0 41 4 6 52 R 05 A R HR il R
B R B[] B S I 4 i 2 R0 R A ) [ Ak AR Y
Jif P2 AR AT YR 45 0 AS TR 25 5 1R i 1 RCR 1 2%
S B Ah 2 TR R A B ) R R
A YR8 AR = 7 iR A 5 A om B, O
WRARRIE S4B E R IEME, D EERRAA
7] (%) £F A A< B, & IR A T ) PR e e o B 5 41 4
SRR IEAROC o BR TR ) 2 AR RSN AR 5
BB K B2 MICP Jin [ J i 85 /0, 8l 71 4%
PESs 2 BN 448 w0y 2 e 100 & BLAF 445 1 i 1
hn, s Ak TR P AR B 19 KT A ik 22 T R R il
] 3 R AR Y B o ] B A R A9 AERO R B R T A 2
A B A e PR I A REAE N A — ) A S
P . Prabakar ZPULL K Akbulut Z5P28F 58 T £ 4k
W L B LA 4B e I R Y A 4B
0.75% B, Zh 7 (cAE) FF LRI/ s Y £4F 4 45 i ik

0. 2% B, JC O BR 470 58 BE JF LR/ o 2 SR AR
ARSI R W A MR T, RS ENB AR TR
ZERFERIPIMI M RE /7. Zhao 251 Lei 2555 ) £F 4
R e TT T WE ST, & Bk W AL S A
Y rfr Bk 2T A LA T U 0 el A W 100 W R B F R AR %
EF . BR LR PR LR 251, Spencer B A 58 T K
SR R £F 2 XF MICP [# A0 - P g iy 52 |, 25 2R %
B - B PR AT 2k (4 38 A BT A0 B S L TR 0. 75%
B JOR £ 4 1 1R TG M B 0 B8 B O R T R U &7
HERE . A 7 I, LiZE57H) H MICP $ AR T &
A IR T | JF U 0B TN T A v FL AT R L R
TEFYEVR N R FE A SR AT 70U A . 2
W W5 ) B R il iR R B 2 2 4 A 3
4 0, 0. 3 %6 B £F 2k s I ik ik 1) T WA

E i 6 £F 4t 25 4 MICP i i 14 0 247 — L
¢, AH 1 JC X5 R RD R o R I [ R 4 A O B
IE o BEH ok TR ) I Bk £F 4t K R % 2F e 45 R A
VTR 2 T R 5 D AR AT B 2 Ak B gk b
Ab B S O BR TR SR B A R R IR S A
B2 e S8 205 B0 £F 4R 1 1 3K A UK, B
FE LT 2 RE A 38 B T 2 B BT R Ak E A B DU
R 5% R 2T 4 0 A7 i 5 BE B0 BT AT . O W%
27 AR RE (1) 77 27 P BB B T 2 4SRN Y A R4
FHEHA , 2 Hr HEALEE , S MICP 454 £F 4 e 250 i
5B LSRG LT BN AR IS %

1 R

1.1 KA

e LG 2 AT W (36 B B K | R OE S
ATCCL11859) 1 Jy ik 5 i F , i 38 i B 5 Wk g Xt
PRZ AT 43 i, B AR Wy % P15 B 5 Y 3
NP o 3 VAR B R B A P HEAT YR R L R L
WA SR B C B K AT B AR AR
Bl T pHIE R 9. 0 &8 A o K 5 M8 32 55
BT RREBEGTEHNERR(20+1)C, 25
B AT H b, R B T 35 CRYE IR IR % 8 R A
(121 v/min) #4712 h Y 8F 3%, T s BUH & .
1.2 R

T 50 2 FH I 1 v [ R R A Y S D, A



66 + K5 33x3E 4

FOAR(OP & L) % 46 &

®1 BEEFEERETR

Table 1 Formula list of liquid media
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Table 2 Main technical indicators of carbon fiber
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Fig.1 Grain gradation curve of calcareous sand samples
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Fig.2 Scanning electron microscopy of fibers
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Fig. 3 Schematic diagram of test mould
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Table 3 Different fiber length and content settings
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Table 4 Different rounds of test parameters
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Table 5 Reinforcemnt effect of fiber samples with

different length and content
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Fig. 8 Diagram of calcium carbonate vs. compressive

strength
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Fig. 9 SEM images of fiber samples
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