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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
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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.

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

0 5%

B o T iR L R 1 R S, eV
ifle TR U E AR & R B B . LA T A Sy 2 A
SUM R b 5L A R 7 U R A Sk AR OC B L Al it
1E7E KB A5 (g PR 81 21, 2019 ) 45 i i S
VTR W) AR B 2 ) B AR 2 R0 A W 1 B ) — Fif
o il TR S P A 1 UKL AR S A, HLAT BURL R IR AN R
W) 4 P LR A L S R A R R M T (Wang
etal., 2011, 2023;Zhou et al., 2022, 2024). F E &
T VA 3, SRR e R T 9 R R R B — R R
AR B #4932 IE A4 (Chen e al., 2025) , i 52 1 3 4
DT s S R XSGl AR R B R A 2 kb i
(A5, 2024) HOBAER N 45 b 5 kAR
LE BB S WAL, AN E B 5 80 3 R fa g 2
i 3k 46 TR S5 09 I BE IR, 36 1T B8 fil & B2 B0 B L3R
IR 35 B 3 R A O AT i 38 i 14 Ak ik
P2 (Chen ez al., 2024 ; M, 2025) . WAk © Wy
fitt 15 i 45 55 19 OC 8 75 A (Li and Huang, 2023).
I, FF R 45 5 00 B Ak A BB R 5T, 8 R R
AL K WL R AR 6 T B 9 M AR A R Y K
FHERON R I T T 5 R DG B R Al 1R it 1) B R 4
5 RURSE B 45 1A R 4 i HL AT E 2 B e A SOR TR
N FHAME

H HI i 22 2% 3 50X 8l ) i 280 85 50D WAk R
PECTF B — RV 5T, BUS T VF 20 i (8 1 iR
(Salem et al., 2013; Rut et al., 2020; Chen et al.,
2021; Qin et al., 2024; FEF VLS, 2024). (LG5 4%
(2006 ) 38 33 25 0> [ A 1 5 38 56 6 58 T 3 0 ) 3% &
e % R 35 N 7 T 1] AR G AR RS I A R AL R
SRR E R SZ R, R BB R LR 5 SCEY AR 2
] A5 5 B 406 & . 2t 5 45 (2019) % 45 5 b Al f1
YorbIF R T Bl = A L g, 1 S R A0 P Ak i
B T AR, E B LR R R A — e %
S YR R T AT AR S T L R R T
BT i U % R VOB T A TR P 2 LA

1) 22 R UK 43 A RRAE , HORE A% 21 A 52 B A R L
5 RRRL Y 22 AR 2% 40 A RS (GRS 55, 20195 2=
M4 ,2022). £ % (2021) Fl R 4% %5 (2024) W58 T
O R G BT AL R TR A R R AR AR T 5 e, e R
UL 9 FF AE 1T A A0HE 92 TR A Rk v AL R RN AR
F4 & J el e | L0 W Ak o B B 5 R Sk A G I e 2
Peim Lieral.(2022) 3 i R 42 09 2 = #il 55 , w5
T YRR B 5 X TS Bl ) AR R S e T T3
FH T 5 40 WURL AT 5 0 14 X5 2 AL B IF Seed i # LK
U ASE AR s G D FE R R T MY B AR R L T
A= Wy 1Ak R Sk 85 5T A 0 R A 4T R 1) BF S A
Ji (Xiao et al., 2018 ; Zhang et al., 2020 ; Shan
et al., 2022) Xiao et al.(2019) % MICP [& 1k 45 5 b
TERE T 2 =3k, 40 A 1 AR 4 S RE R [ Ak R
Xof JF R LR AR JE R M 04 52 ),k B A W [ Ak
ANAX AR T T A VA A AR K el L M B T
38 78 S 418 I35 B PR R IR T L $ PR Ak
7 T 5 A% 0 B0 Ak vk 2 B P A AR L AR
T, A A 0 T A A 5 v o 0 0 LA B 7 52 R
TEYRBE T M A M 1 ) 80 S 58 42 38 2 (3% 8 1
85,2023) . A AL GE BT A A BREAR (A4 e fin %%
b2 10 A5 ) AEAE it TR AR = IR BRI 8 KA 58
[F) R, A 2 BB A B ik DX I 52 3 R ]

N LA AT 4EAE R ¢ ARk T F2 bR, 38 2ok H:
FeA 0m 5 5 29 AR FALE, ] A R0k R R R Bt
B 5 RS B MERE (Liu ez al., 2011), I &k 25 44 5
WKL - 7 3 a7 2% 4E H R 19 B0 WAk g 77 (Rasouli and
Fatahi, 2022) , 7£ & fiff X 3% il 5% Jiti 70 % Ak Ak 2 v 2
WA R 5 .Y e er al (2017 ) X6k £F 4 i #5 1k ot
WP T — R 58 = f M2 O 875, 441 T 2F
HE A BE 4B AR X B S R O H B Ak 5 R 1Y 5
Wi, % BRATC AL o J3E B 2T 4 K 5 R 45 10 1 i %
Vi AR Tt LA v A 2 S R R o A 2R AR R O
FER R 1 3% . Ghadr ez al.(2020) X £F 2 fin 55 43 10 I
& T — F 5 8 =l 56, 5 B A A 4 Y



5 4 Vg T R A K L T B K A B 5 1549

i, e TR0 &5 4 A A S 2 R < JBURE 8] 45 fik
R0 1 Ak 7 w0 [ R L T ROECR
F AR T g e SRR TR 5 R i B

Zi LRTIR 5 TS B A R 1 9F 5T 2 B
FRGT AT R R A R 0 AH S AT A A i
TR B BUA 0 5E 2 46 b T B A Wy n 181 05 3k, %) 41
2R T 453 6 T A A P 8 R AR TS e R A
BEZN R T2 4N i D 1 AL R R 0 5T 22 LA
ik TR S Xk B, ORI B3 L 3 2 4 Ak % WA AL
55805 TP A7 AE % 25 5 DRk, B R DA B
T T A8 2 A A b B WA AT R T S AL BE 2y
B, XA — i R L 2 7 £ A0 AR AE B i T
AN T ST M T TR T R AT 4 T A £
J A WA R PR AT S X T o8 35 FL AL ML B AR AR
JEE TRE N B A 2 B R S TR E .

7 SR FH 2y B B ASORT £ 24 Jon 75 45 oD F e T —
FINAHEARAE XG0 1 27 445 1 R 34 1 )
L FE A AL AR T R e O P 08 B8 F) 52 i) .
N2 TE AT AR 20 sl 3R A A A AL R A Y
BT8R T 8 21 4 i B A 8 il XA B T
VR Ak B A 7P i AR T SR AR AN B R A

1 it

1.1 KSR

W RHKTLAI AR ARG (K D), xR EE
SR Bl i 45 48, W] Sy e 0 i 1) R 7 5 KB )
N T B A SRR N 7/ I AR R R 2, R A i
HNIESZ P D7 i = A R A IR S A
faf % BRI FR AN« de Kk ) 47 28 5 KN OFg B2 2R
+£0.1% FS), Fe K5y Ul far 2% 2 KN CF 228 £0.1%
FS) ; & K3l A1k F ] A2 43 51 o £20 mm Al
+10 mm, ki K 0.03 mm. V£ K & + 5 7 85 HE i
B b M B 45, 1 2R G0 38 o S0 M AR T 41 00, AT A
I 2 A Sl o BE S S v AR i S BH e L A OGS
B, 58 4T AR 5T o 5 2 0 AR 5 R A MR T 7R
T BBl 7 AR R R K L BT U0 & 20 IR 5
U AT R E R MR SR HE T R, RS IR N R
50 mm, J& £ 1 mm; B HAG 298 0 W DL At
AR ) 2 o AR K 45 AR A
1.2 IR R A &

0 A 0 M TR e v A Uk

E i) E
| ) B £3
ki QAN _

Fl1 KTL3h%8 R85
Fig.1 KTL dynamic simple shear system

F, 20 Yo R i TR A5 . 1] 2a 25 T Ml R
JoT b BIURLAE TR 125 4% 251 F i s e 4 i I, mT D
I 55 Jo b B A T RS R e A R v RN S OR
P AL BB AR AT T 2b Sk 5 S5 D 2% th 2, AR BE D
kT 9 T W AR 35 B 4514 (Rasouli and Fatahi, 2022) ,
D45 o 120 i) A 26 Sy ] AR D e P S B D R
AP SENT R KRILBR L e, 0 1.26, /N LBR
bR e, M 071, b G 2.85, RS R C, N
3.29, R 2 KN C.oN 1.08, J8 S Bt A KA 3R 5
T A R RN AR 4L K R 12 mm, FLAR K
0.025 mm, L K 0.91, L iz 58 FE 24 550 MPa, 51
B 4 150 MPa. i £F 4 K B 2 78 K & 0F 52 ik
W R % W & B2 w i b PO A R B, I AR AR DG B 5T
Iz (Ye et al., 2017; Zhang et al., 2020).

ARG R B BRI & P BRI R - (D) ¥R
J0e R4 2 T B U0 G0 IV AR , O L] B A R e TR
JZWIPE IR 5 (2) 7 W B A 22 %6 il i 6 FF 5K
G ) AR A 02 RORR  REEL A ik  rh BA 2 1Y
FLFe , [R5k O 78 Rl b AR e B 22 4% 38 43 181 28 T AL
B b B #uks R F (d=50 mm, H=20 mm) ] [&
FEIE i FF 25 8] 5 (3) R 43 2 BSR4 7 o E il 19
B RS — LR 4R IR A R 4 )2 AR N 5 (4)
W IR IR RS B 2 e TR Y A, Ry S 2 i e i 1
2 R 2 % 58 BUS 6 LR AT i RN Ak B . T e A
o 2 AR A e SR B R N R A R R A R
1 h DA R 78 53 B 4 5 B S >R A R B 0998 0 0 =X
AR AT K S AR, B HEK ik 2R
R 2% B 5% 1k AR 0 58 B L it 100 kPa (47 46
AR ) N ) HEAT [E LA TR T I HE K G G R R
] 7 A A 8 I, A Ry [ 45 58 B, I 56 P HE 7Kl JE



1550 HERBL2E  http://www.earth-science.net % 51 %

b
IO—RRERD
= S X
B SO X
4 /
= 60
52
X
S o4dor
é?e‘
8
T o201
O v L
0.001 0.01 0.1 1 10

UKL R % (mm)

Pel 2 ML 780 75 o b A0AE B B 1 i 1 M R IC b 2k
Fig. 2 Scanning electron micrograph images of representative calcareous sand particles and grain size distribution curve
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Table 1 Undrained cyclic simple shear test conditions
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Fig.4 Relationship curves of cyclic shear strain and number of cycles
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