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Abstract: Liquefaction of calcareous sand foundations is a major cause of seismic damage to critical infrastructure, including
breakwaters, wharves, and airport runways. Fiber reinforcement, an environmentally friendly geotechnical materials, can
effectively improve the liquefaction resistance of calcareous sand and exhibits great promise for island and reef engineering in
the South China Sea. In this study, a series of undrained cyclic simple shear tests were conducted to examine the effects of fiber
content (F.) and cyclic stress ratio (CSR) on excess pore pressure, deformation, and liquefaction resistance of fiber-reinforced
calcareous sand. A new prediction model for excess pore pressure development of fiber-reinforced calcareous sand was
proposed based on the test results. The findings show that increasing F. significantly reduces the accumulation rates of excess
pore pressure and shear strain, thereby enhancing liquefaction resistance, whereas the reinforcement effect weakens as CSR
rises. Fiber reinforcement also alters the deformation pattern of calcareous sand during liquefaction and effectively inhibits the
occurrence of sharp increase in deformation. Furthermore, the excess pore pressure development in fiber-reinforced calcareous
sand differs significantly from that in siliceous sand, and it presents a faster excess pore pressure accumulation rate under the
same cyclic ratio, resulting in the traditional Seed model inadequate for accurately capturing its evolution. With increasing CSR,
excess pore pressure development pattern shifts from S-shaped to hyperbolic, while higher F. induces the opposite trend. These
results provide important theoretical support for applying fiber reinforcement to liquefaction mitigation in island and reef

infrastructures.

EeWE: WA RINE (23PID101); EFK AREIFIEGIH (41877224); Hh gk AR 55 2% 151 H

fEEEN: W (1994-), &, LA, WFE TE ARG L4251 3) J1REWE 7. E-mail: 2210404@tongji.edu.cn. ORCID: 0009-0002-1573-8107.
*BRAEE: LISl (1980—), B, WiiiE A, MR TREE, &, 88, ZEHAT AR R ED G LM% . E-mail:
feifan_ren@tongji.edu.cn



Key words: calcareous sand; fiber reinforcement; liquefaction; liquefaction resistance; excess pore pressure.

0 55

B TR MR R AR L, i
B TR R R N R R B . DU R N F B
PR IS . 37 EBTEE  15S SR G LAl
Ji IEAE KR &b (g i8Il 4r, 2019) o 45
RS R LE YR S I . LA AR R R
() —Fh = B R A & B BRI AR G AA, HAA ORI AR
AF S AR SREEAR . S AR S R IR M
(Wang et al., 2011; Zhou et al., 2022, 2024; Wang
etal., 2023). R A FREIEAL T BRI . KT
R RN B - R R AR B A8 V7, b R s Bl AT
%, Pk sz X B Ak R AR 2 I
E (%, 2024) . HOBEHTT, SRS KE
R LE RIS WAL, MBS B R
B WSk TR M RIMEIR, 38 AT RE fil K = 350
B SRINVRABGEB IR A 9, I I s o 35 5% 1)
AL (Chenetal., 2024; JMEE, 2025) . W
A R A 18 it 453 5% 45 OB 175 A (Li and Huang,
2023) . [At, JFRE AP AL BEE R 5T,
PR LA R LR B KA L SO b, X TR
TR R I TN DR 1 e 2 i O B B 1 it
PIPUE 25 WPk R A JE WL
SCRTT AR A E

H 1 2 22 5 50 3l J 380 85 b A R 1
CHE— RV, BT T2 A5 0 E R SRR
(Chenetal., 2021; Qin et al., 2024; Rui et al., 2020;
Salem et al., 2013; #R&EFVFESE, 2024). 5%
(2006) 82O FEAEH BRI AT 7T 1 F2 R 7Sk
JiE R AT UE 5 N 7 TR F AN S R R F R LR R
FUREE R, RIEFRLE ST BT RAR 2 [H]
P& R TR BYEZSE (2019) X85 RS FIA
PR TT R T B =Rt LaRkas, 48 S B P A 5k
FEm T ARy, LR R R A — o 2
S AR TR A TR R L 3 K 1 T
PR, B S REVCHEAS R TR 2 B B
(12 RERRL A ATREAE, bR 2 IR, /)
K SERRLI 2 AHIR A AR GRRedR%E, 2019;
i, 2022). EBZE (2021) MR (2024)
WFIT T & R 5 SRR BR TR A BRI A R 52
R ISURL I A2 LE 0] A BE SRR A B R LR A
AR () e e, FLHT iR A o FE B 2 R P 1Y
BFERE . Lietal. (2022) it R4 1950 =A%,
OIS T VA= WA K= D U WAL R G0} =Y

T IE TS AN BRI A O SRS IE Seed B B
FLHE TRINAR Y , %805 R WD 7E 9 78 T 11 55 WAL e
TAEITE AL © A ES SRS A A 2R AT R AT 5 4
R (Xiao et al., 2018; Zhang et al., 2020; Shan et
al.,.2022). Xiao etal. (2019) X} MICP [k i fp
TR T 3 =5hike, 2 1A % S E A A0 AR
X AR L RS TR I R, R I AE 0 [ Ak
AR T 85 D IR AR AR K, A AR B
WAL IR SRR, 11 AR S M buii A o
J7 AL G803 A T 1R B AR (R i 5 R . 4R
M, AEYE AR . InE VSR R £ 5 2
HFPESREE T (RN AL )8 AN 78 A 2 (B RN
&, 2023). A, ESEPURAAEFREIR ClodiRiin
RS A TRA R R K%
R AR, A5 AR S BURK ) B DX IS HH 52 21 R

N LA A RS ik TREM R, dd
FEA 0 5 20RE AL, a8k R iRm0t
BIORFEAIAR LIRS (Liu et al., 2011) , JHE &R
WURL - AE B AR A T Btk EE /) (Rasouli and
Fatahi, 2022), 7F Sk X LAk BEiEHTR AL AL HE h B
Wt i T 5. Ye etal. (2017) X 21 4 hn fii ik o
WIFRE T — RPN =2 OHENRYE, 0 Hr 7 4F
YK 15 B RO 25 52 B T A 5 ) 5
RBP4 K P8 045 5 1) 38 o g 2 2
Tt B H A ST R R I A R R A BSUARE B
. Ghadr et al. (2020) X214 hn ik b T
T— &5 =ikE, f8HpEE A4S 2NN,
TR OM 25 74 AR B35 O s TR ) e fi i B i
S, FEfk 0, TR R L T R B R
Tt DR RS BB AR BB 2 A

o R, O T BRSAGRRTE RB FL BN
RS, B0 I S RS AR AR DS ST B
TR, EIVERTE 2 SR TR mE 7%, X4
Y10 B AS R AR PE I RS AT A R . AH
B2, KFL4EMm AR 7T 2 L IR
RERD X 5, HRORIES . 122 e S AL
SRR EER . Fik, BUA R L E %
T 2 4 0 A S TR R A AT D T 5 L EE 4y
M, RXTE— B LI T A4 HoR 7 B T
RN SHET . STk, RANTFRELF4EIn 45
SRS AL RE R 72, AT e AL B B R . $h
fe TRERH BA EE MRS E S TRENME.

SR Bl BB AR AR 4N S S R R e T —
RINAHKPEIRRLS, 007 74P 4EB B IEIA N /)



PO R R AL . ARTARF I ST 5 P ) B o
ST T T A A T A A A 11 L T A
R, W FURER AT £ A0 A - SR AE S R X A il st
Tt UL AL T A 7 2 ) B AR e AN R 5
#.

1 A5t
1.1 RIS
IR KTL sh& R RS (WK D, %R
Gulic B XUAEBI A 45AL, AT ARSIk m) B ) 5 K F
BYYIRLJ) o 1% 4% SCREN IR I, ek
HER N IE 520 T =P R TS
BT HEARFER 0T« S KK A far 2 5 KN CFf
FER£0.1% FS), F KBTI 4% 2 KN O 9+0.1%
FS)s SR Ail A A1 ZK T 1] 67 43 51 220 mm F1+10
mm, F5EEA 0.03 mm. {EAE T30 714 IR bR
VLS, ZARGUE B FE R Lo, RRS Al
SE T ARBNRE BhP i K B LA S S 4,
SE AT R AN 5 Hp AT 4 o 7 S B R M AR e T 1)
B S TRALRF A 75 2K - BY ) & 20 MR EE #2 (1) 3%
AR E AR R HE S 1 L, BEANFR 4224 50 mm,
JBIEN 1 mm; FREA % 0N AR Ak
2R, PR Ko 4526 AF

Bl 1 KTL sh A8 RS
Fig.1 KTL dynamic simple shear system

1.2 RIS

R FH AT R0 M 1 R e S, R
I, EE RS NBRIERE . B2 () 45 T
RUE RS WURLAE TBOK 125 £ 2644 T 1 AR K
AR BT A TR L b A i A &
KENFLIRIFE. B2 (b) 85 Frb g e 28,
A 4l 0 4 0k 2% e W Ak 3 5 4% 4 (Rasouli and
Fatahi, 2022), WlliAE5 BiRbA] A28y Al Aeb .
RIS TR A B ZHAN S . B RILBREL emax
N 1.26, Fe/NLBREEN emin v 0.71, LLE G, 2.85,

AL ZH Cyoh 329, IR RN C.h 1.08, J&
RICA RS X5 I BN R IE A 4E, KR
N 12 mm, HAN 0.025 mm, ELEN 0.91, Hifvisk
J£74 550 MPa, SfPERIE Y 4150 MPa. Z4F 4K
R KB IT HIE B B 2 25 4 M L I P4 b
& FEAEAH R TS R 72 L (Ye et al., 2017; Zhang
etal., 2020).

AR AR ) B AR & PRI . (D BB
U2 B 22 2 T B D) BRI LR LA B RO R
JERITEIRZ ;s (2) 7ENIMEIR AN 2225 1 ] 16 T 20
SIEEMBER, AL RGN 2 PR
fiF%, [FI R O Y RLRE AR MR 22 42 540 [ 72 T4
HE, ERFsMERSE (d=50 mm, H=20 mm) (¥}
FETEHIREZS 0] (3) R EHESE, # e &R
085 0 1D - 21 R VR A kL 53 DY J2 38 ST NAR T A
(4) Fa B RS B 22 56 T 9084, R JE 2R R i
eSS . RFE eSS G, ST AR B B
Sl Al A AR AR B RN R, R
SRR 1 /N DU R R o B e BEJG SR A R b
1z ENB KT AR, BERHDKE
B FRFEARA 2 5 1k MR 58 S, e n 100
kPa FRIHIAEA R v By idEAT [ 45, HH IR FFHEK
Wi, FFPRmAEREE, WNEIS TR, R
HeKIEIE

100

3 R AR
< 80
w0 W,
Kl
§ 60 -
=
Il
& 40}
K
T
= 20 +
O sl il P
0.001 0.01 0.1 1 10
WORLKLAE (mm)
(b)

Pl 2 gt TR A R, P 5 41 4 1) B R T



HERRIZ  http://www. earth-science. net

ClE

Fig. 2 Scanning electron micrograph image of representative
calcareous sand particles and grain size distribution curve
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Fig.9 (a) Relationship curves of pore pressure ratio-number of

cycle ratio; (b) three typical pore pressure ratio development

models
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