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Abstract

Saturated sandy soil foundation is prone to liquefaction under vibration loads, and foundation re-
inforcement is a key measure to improve its stability and resistance to liquefaction. This article con-
ducts triaxial consolidation undrained shear tests on EICP solidified saturated sand under cyclic
loading, analyzing the effects of confining pressure, bonding frequency, cyclic stress ratio, and

EHAEE .

SCESIH: B, REM, B, 250, X, N1 BREES S ERIRES TR LR R LR DR SED). HRTR,
2025, 14(4): 665-671. DOI: 10.12677/hjce.2025.144071


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2025.144071
https://doi.org/10.12677/hjce.2025.144071
https://www.hanspub.org/

St

&

Pax
&

vibration frequency on the liquefaction resistance of solidified sand. The research results indicate
that with the increase of confining pressure, bonding frequency, and dry density, the dynamic strain
and hysteresis curve area of solidified sand gradually decrease, the effective stress path curve be-
comes denser, and the required vibration frequency for solidified sand to reach liquefaction grad-
ually increases, and its liquefaction resistance gradually increases. As the cyclic stress ratio and vi-
bration frequency increase, the hysteresis curve area gradually increases, and the effective stress
path moves to the left at an increased rate, resulting in a gradual decrease in the required number
of vibrations for the sample to reach liquefaction and a weakening of its anti liquefaction ability.
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1. 5|8

ARG IE R R E AT R BB R M Ak, FERRAS . BRI T, FLBROKIE S T
TR IR S NI R BRI KB FERIR IR . XTI AA D 1, TEIEIAT 3T &k 4 B3 1 8)
WA, SRR REIVAEL Bk, MR ERRL . Hib Ll s R EEs). ik
DURE S 28546 b3 5 1) R S A AL BE A B i A ) R R 2 — o IR 3 R A5 VTR (Enzyme Induced
Carbonate Precipitation, EICP) & 4 KB M6 (1) B 46 77 v, = B i i A IR (ke A0 PR 27K A e i 75+
FBRBRARES T, AR B 0] DN PR AR A 55, TR IR 25 1 5485 5 1 45 G 2B U R S, B i &
RO B4 R FE IR IS A R H

A 4123 FEBE 5T BICP [ RS L shas 75 7 S 7 —2egkke, wH7eRi, EICP HiRAT DL
FHOERD L ) ERE . Oktafiani 5511 R 42 UIEE, KA EICP HiRek R 3%, s KW, %
FORBeOE 3 = LI A5RE . Wu S5[25R A EICP HAR B0 KA, FEi8 i SLI0E B A [R] 112 45 1 VAR BE
JORB 5 1« i PR A0 A B RSO L A D 1) ) S M R AN R 520« Zhang S6[3]40 47 17 EICP hn[l b i 4 1)
WIBR 1A RE . PURMPE RGOSR, 4871 T EICP ¥5mab HiU 3 ALEE, ESE T EICP BUARKI AT,
Nafisi ¢ [4 81 = HiX58PFl 7 MICP #1 EICP [ 4LH> + 1) MAITORAT A . S5 53KH, EICP Ab#E [1)kb
+:Lk MICP 75 228 /D R RS Re ik BAR R BT U8 . R5 5 (S 1B 302 = Hhliemt 70 7k . # LA
RSP E R e e, BRI gi R L], BRI giR & B AR, Brs Rt ANE . BT
To AN PR 5 AN S — RIS &5 RAILG, Sun ZE[6)4M0 45 T IREE. AR ARG YRk Hom bt
WA ECEE ] - Mase 2571878 T w216 00 L Hu il A i semm, &5 R, Hta i B g 2= fe b+
RPN . Nacem S5 [81WFFT T IEAFIWIG AN B FNAL B HA R EICP [{Lib L1 J12: 1k RE, 455
K, IUs EICP M BERAR IR A R TR (88 R ik BR S DTvE PR 45, AT B8 iy 1 [ e 2 A
UCs.

EICP HURAENS & 5 i L AR A 2R T AR IB @& M, o0 T4 & A P 1t g A Fr ik — 2D 0
E. A3C LA EICP B AIEANRS o0 5t 0 &, dl I R AGA far 44 T 1 = A [ 25 A HE K BT U158, 404
B BREEIREL PRFRRL I E . %5 BE R AR A 02 S DR 2 0t [ A0 i A BEL D B s o B 58 e SR vl o
TSR BT R R E N S S,
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2. MRER®
2.1. KBS

RIG FHRY AARHERD, BORCRAR /> A VS AT 4.8~0.072mm 22 [A], Djp=0.14mm. D3=0.50 mm. Do
=0.90 mm. JREEEBN KRG IRERRRIGR, ¥ REHME 100 BIF, A EF/KEERE N 100 g/L 1)
SRV, RIS R A IS E R 2~3 /R, B RSB SO, 7E 3000 r/min. 4CHEAT
B0y 15 43, BBV R ) IS VRED N IR B . R0 T R £ VN S AR R IR (1.4 mol/L)I R R 5
AAESRAW . WRIGFT B E NN 50 mm, A 200 mm A WL, SrdErb il EA R 50 mm,
A 100mm, Z% + TR 7 AR E(GB/T50123-2019)H 4 1 FBE . S I BOlEVE 7V, B 5EIEA 40
ml FIIRBEVAW, B8 30 204h, BEJGTEN 40 ml HIRSE TR, HEESE G IG5 E 24 /NI,

22. AR

RT3 #T EICP [EAUARAERD (3 15, A SCRH DYNTTS B A& sh = Hl {3 =4l [ 45 A HEK R
5, IR TR 1o WA T8 7 AR (GB/TS0123-2019), 56 5% R Ayl gk 77 2%, b i i o
B2 i, A EE 10,000 K, BEAMERICTE 20 ANEHE 5, 2451 A B R 5 1R 5 .

Table 1. Dynamic triaxial test scheme

1. H=iiRE R

& o3/kPa JR 45 RHL P/ IR FEIRAR. I EE CSR TH#E pal(g/em?) B fHz
2 0.25,0.3,0.35 1.6 1,3
25 4 0.25,0.3, 0.35 1.6 1,3
6 0.25,0.3, 0.35 1.6 1,3
2 0.25,0.3,0.35 1.6 1,3
50 4 0.25,0.3,0.35 1.6 1,3
6 0.25,0.3,0.35 1.6 1,3
2 0.25,0.3,0.35 1.6 1,3
100 4 0.25,0.3,0.35 1.6 1,3
6 0.25,0.3,0.35 1.6 1,3

3. ERESH
3.1. EE®WSHh

Kl 1A pa=1.6g/em’s CSR=0.30. f=1Hz. P.=2Mf, AFEEET EICP [E4bfb i Bl #h 2 58 7y
Pz, T, BEEIRS BN, EICP [E RS - 1f 2h N AR TR ETIE N, i (] i 28 1 AUZR ST K,
EH (R DX sk ] A A A, 3R BB far 200 FH N b ORL ) R AR R Bl S A . S R 3G, S 7 I
WG N, i (] 2R AU AT K, RIIRERRAEIR R . X2 R L 18 I B 51 A6 Ak oA 0k BT HE S,
RO B fil f PRV SG N, AR PRI SR EE RS O, Sy — 7, R R ik e g AR N I FLIRZK T
A RANHIR I R KA o B B3 RRHRAG B e ) 1 AR PE L, sefig i HARRIASEVE, IR
R, XY Figueroa ZF[9JMIBF A5 18— 8. FEMEHM N MERIN, A RS A BRAIB M 0 2204 o FEINEL
W, Rk ) e Rk FE, B R AE TAIRFE AR FLRR EL AR, AR R ks 23 51 kL s 3R s 1
K, FECEIA BN I N BRI EE I, PR RN J) DR E IR AR R R, A RN AR
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Figure 1. Hysteresis curve and effective stress path curve under different confining pressures
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3.2. RERE= M54

K2 9 pa=1.6 glem®. CSR=0.30. f=1Hz. o3=25kPa i}, ANFERLERECT EICP [l {bi> L[l ih
RSN AL . BT, TEFEMEER R, BEE RS AN, EICP [ AHD 1) 20 AR 12
Pl ), [ R TR B 2 90/, A 08 7 B A T 2R i s, R EICP [ A0 ks BTG BT 75 R 3l KL
BTG, AR R . A PRI RN R RIE TR R A5 CBIR3E N, EICP B 4k A B )
CaCO; @HRIZHIG 2, RS A BIA TR FIURLIA] LB R LR 45 O B A, B ik R B A 52 TR . 7E
TEH AR R, WO RURLIRI R 25 ) 5 PR D3, XRE R FLBR BHE IR gs, 5558l AR Bl e 4 U
IR AERAR VKB R 5 VR B 3 I B . DRI, e 5 R 3 ks A BEL T I kR B T R )
VERT, @ISR 2 S RBERR 1o DR/INEURII RS« kD FLBR K AR AR A 86 77 Qi T Ak AR e v, 1%
K 7L, Chen 25[10]7E LR R T AE A S BRIR S B (L BAR B T DUIR 5 R JE Hh 13 8] 1A — BUh 4518 .
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Figure 2. Hysteresis curve and effective stress path curve under different cementation times
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3.3. fEIRRL AIEL 2 Nm 43 4Fr

K3 K pa=1.6 g/em’s f=1Hz. o3=25kPa. P.=2 I, AREFEIHFNFEL T EICP [E AR 3 0] fh £
SR AE . BRI, BEEEIAR S L IIsEn, RN S0 AE 5 B R T IEO,  d [a] ih 2k T AR B
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Figure 3. Hysteresis curve and effective stress path curve under different cyclic stress ratios
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3.4. IRFNERIM ST

K4 8 pa=1.6 glem*. CSR=0.30. f=1Hz K, AFEFZEINHZET EICP EALAD L B #h £ 5 8 77812
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Figure 4. Hysteresis curve and effective stress path curve under different frequencies
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Figure 5. SEM images of samples at different cementation times
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4. &g

(1) EFEANIERTS, AR T ARB N 7 st G B AN, A3 RN 77 A o 2 o S
EICP [ LRD -3 ZRALI BT 75 IR ENAEGE WX RE I PTRAL BE 7B

(2) WA WSS DI, BICP [ L K2l MA@ ), i [a] h 2 m AR 2 0, A7 RN 7T %
12 M 2B S, EICP [EALRD LB RIS BT /& RS IRECZH G N, HBAL I BBk

(3) FEAEMEIRRL AT L RGN, i 7 U (i 5 3 AR IZHT R K, i ] 2 AR Bt 2 HE 0, iRk B AL
I BT i IR SN I BOZHT D, FPURAL RE T 1B -

(4) BEAF PRSI AN, A B LI [R] A IR Sh R 2 380, i [0 b 26 IR AUIZ TG K, A 00
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KGR A AE AN gt R % Bh I H (202412715011).
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