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Abstract: In order to predict the generation characteristics of the excess pore water pressure(ue) in saturated coral sand under
different cyclic loading frequencies( f ), a series of consolidated undrained cyclic triaxial tests are conducted on saturated coral
sand by using the GDS dynamic triaxial apparatus. The effect of loading frequency( f ) on the excess pore water pressure(ue) is
then analyzed in conjunction with the concepts of pore pressure increment ratio(faun)and effective dynamic shear stress
ratio(ade.n). These laboratory cyclic tests show that the patterns of u. generation in those test specimens are related to the paths
of loading frequency ( f*), particle gradation and (CSR). fauN can be divided into a stable stage and a rising stage with the
development of the number of cycles(N),and the loading frequencies( /) ,the mean particle size(dso) ,and the cyclic stress
ratio(CSR) have a significant effect on the fa.n of the plateau. Then, the comparison expression about the corresponding law of
influences, while these factors have little effect on the logarithmic decay rate of the effective stress(&un-1). Considering the
above factors, this paper constructs an excess pore pressure increment model for saturated coral sands considering the effect of
cyclic loading frequency. The model is validated by selecting experimental data from existing research results, which shows

that the model has a good predictive capability.
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Fig. 1 Particle size distribution curves of coral sand
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Table 1 Physical properties of coral sands

iﬁgﬁ pmin/ pmax/

g Mmoo GG gany o)
A 0.500 5.177 0.946 1.220 1.410
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C 0.250 3.314 0.707 1.280 1.570
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Table 2 Schemes of undrained cyclic tests and results of NL

Gie fHz CSR M G fHz CSR M %5  flHz  CSR N
Al 1.00 0.20 13454 | BI 1.00 0.20 9754 | Cl 1.00 020  90.52
A2 0.10 0.20 9486 | B2 0.10 0.20 71.80 | C2 0.10 020  65.06
A3 0.01 0.20 56.00 | B3 0.01 0.20 38.00 | €3 0.01 020  27.10
A4 1.00 0.25 3256 | B4 1.00 0.25 26.10 | C4 1.00 025  19.10
A5 0.10 0.25 1954 | B5 0.10 0.25 1654 | C5 0.10 025  13.54
A6 0.01 0.25 1200 | B6 0.01 0.25 954 | C6 0.01 0.25 7.50
A7 1.00 0.30 16.52 B7 1.00 0.30 11.12 C7 1.00 030  10.50
A8 0.10 0.30 1354 | B8 0.10 0.30 754 | C8 0.10 0.30 7.52
A9 0.01 0.30 900 | B9 0.01 0.30 500 | €9 0.01 0.30 4.50
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Al 099 1.61 099 1.08 164 099| Bl 099 1.61 099 1.05 1.67 099 |Cl 099 1.60 099 1.05 1.64 0.98
A2 1.00 1.62 099 1.18 1.65 099 | B2 097 158 099 103 168 099 |C2 097 159 099 099 1.66 0.99
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A6 1.12 1.83 096 1.08 168 097|B6 1.05 1.84 093 1.00 155 099 | C6 096 139 1.00 098 152 0.99
A7 1.08 136 099 1.16 133 098|B7 1.06 138 099 1.08 144 099 | C7 1.12 147 099 1.02 154 0.99
A8 1.14 L75 091 1.12 156 099 | B8 097 133 1.00 1.13 138 099 |C8 093 1.53 1.00 1.02 150 099
A9 099 200 1.00 092 1.68 099 | B9 1.00 142 099 102 140 100 |C9 1.01 L51 1.00 098 145 1.00
i,)j 1.05 1.60 1.06 1.60 i,)j 1.00 1.53 1.05 1.56 i,)j 1.02 1.54 1.02 1.57
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R 4 fa1 5 CSR In(e/) 21t X RIS

Table 4 Fitting parameters of linear relationship between fa,,1 and

CSR In(e/f)

Fidl B SfHz  RE R k¥E HEED R?

A 1 0.60 -0.08 0.99
A 0.1 0.60 0.6 -0.38 0.92
A 0.01 0.58 —0.58 0.94
B 1 0.86 -0.16 0.95
B 0.1 0.91 0.88 —-0.56 0.96
B 0.01 0.86 -0.93 0.99
C4 1 0.98 -0.16 0.97
CH 0.1 1.00 0.97 -0.59 0.99
CH 0.01 0.94 -1.12 0.99
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Table 5 Test model parameters

W K ka TREC LR dso/mm
kv N

A4 061 -0.11 0.500
Z!K B#4 085 -0.16 1.02 1.04 0.353
* C#  1.02 -020 0.250
X a#l 085 -0.16 0.350
Mk b4 097 -0.19 1.00 1.01 0.280
[7] c¢#4 108 -022 0.210
X a#l 071 -0.13 0.440
B b4l 1.08 -022 0.99 1.02 0.210

c#l  1.08 -0.22 0.210

—
—
(9]

—_

4

BT — R B AR =00, AR A
TARIERINESER fFAS[FEER LT H CSR XA
LRI B DR R FLIE e RIBAFPERISE M, A1
FILLR 3 sS4kt

CD INEAE £ JE R LG CSR FIRIURE 2 e %o
LRI B D A L e B AR IR N 1) R R S %A (e
FERM o 7R IR 2 AH R I LR, £35 K & CSR
(I Uak /N 2 5 ST RS B 11 wae B IV 119) R R I 2
FEA

(2) FLUEHELL Saun BEETEIARIR N HI3E I,
AR FRRBS BB, Hodr, £ F1 CSR
X PR B AL 3G B LE I 3AME B DA — A L3 =
VU B B 25 RENA, FEEESL T AH R S A G R X
{HfF1I CSR X 3 N, Bai 5 nowpn R MER RIEHRT R
Wi, FEAEAE—/NARSZ £ CSR SIS RS Fg %) B e
PR Euneto

(3) B BRI AR (P50, ASCESL T —A
YR RD LRI AR, FRiEd S A AR
HATRT A0, SO T T AR A ) A EE A

Fl£3 2 FERA/Conflict of Interests: JITfT 1E# 75 W AAAER 25
1%, All authors disclose no relevant conflict of interest.

{E# Z#k/Authors' Contributions: ik z K iTHRK T %, sKH
MEREREEDITIE T, K CERIRSIR S1E,
SR ERISCHAT B, K K FXUEFFE A8 B K
5, FERMESTF ES T TARRBE TR SR P 1R
YIS I R S R AR 32 2C . This study was designed by
ZHANG Yunfei and supervised by ZHANG Lei and WANG
Binghui. The manuscript was drafted by ZHANG Yunfei and
revised by WANG Binghui and ZHANG Lei. The laboratory tests
were conducted by ZHANG Yunfei, XIN Shuanglong and GUO
Huiyi. The work support for theoretical analysis was provided by
ZHOU Ruirong and JIN Dandan. All the authors have read the last

version of manuscript and consented for submission.

SE -

[1] CHEN G X, QIN Y, MA W J, et al. Liquefaction susceptibility
and deformation characteristics of saturated coral sandy soils
subjected to cyclic loadings - a critical review[J]. Earthquake
Engineering and Engineering Vibration, 2024, 23(1):
261-296.

[21MA W J, QIN Y, ZHAO K, et al. Comparisons on liquefaction

behavior of saturated coral sand and quartz sand under



2384 HoE L OB ¥ M

2025 4F

principal ~ stress Marine Georesources &
Geotechnology, 2022, 40(2): 235-247.
(31 w4, MSILL. o [ R O B RS BT B 7 4

WA, & 1%, 2019, 40(10): 3897-3908, 3919. (GAO

rotation[J].

Ran, YE lJianhong. Experimental investigation on the
dynamic characteristics of calcareous sand from the
reclaimed coral reef islands in the South China Sea[J]. Rock
and Soil Mechanics, 2019, 40(10): 3897-3908, 3919. (in
Chinese))

[4] JURME S CREIZI. AL TSR, 2001, 23(1): 1-2.
(Deeply mourn professor Huang Wenxi[J]. Chinese Journal
of Geotechnical Engineering, 2001, 23(1): 1-2. (in Chinese))

[5]1 SEED H B, LEE K L. Liquefaction of saturated sands during
cyclic loading[J]. Journal of the Soil Mechanics and
Foundations Division, 1966, 92(6): 105-134.

[6] QIN'Y, YANG Z T, DU X Y, et al. An energy-based model for
the generation of excess pore water pressure in saturated
coral sand[J]. Marine Georesources & Geotechnology, 2024,
42(2): 193-204.

[71 WU Q, QIN Y, WANG LY, et al. Development characteristics
of excess pore water pressure in saturated marine coral sand
based on shear strain characteristics: an experimental study[J].
Applied Ocean Research, 2023, 137: 103594.

[8] PAN K, YANG Z X. Effects of initial static shear on cyclic
resistance and pore pressure generation of saturated sand[J].
Acta Geotechnica, 2018, 13(2): 473-487.

[9] PARK T, PARK D, AHN J K. Pore pressure model based on
accumulated stress[J]. Bulletin of Earthquake Engineering,
2015, 13(7): 1913-1926.

[10] ISHIHARA K, TATSUOKA F, YASUDA S. Undrained
deformation and liquefaction of sand under cyclic stresses[J].
Soils and Foundations, 1975, 15(1): 29-44.

[11] KHASHILA M, HUSSIEN M N, KARRAY M, et al. Use of
pore pressure build-up as damage metric in computation of
equivalent number of uniform strain cycles[J]. Canadian
Geotechnical Journal, 2018, 55(4): 538-550.

[12] sk, e . HWARD LARBNFLI KT J38 K s F 5
EI]. KRR, 1991, 22(8): 45-51. (ZHANG Jianmin, XIE
Dingyi. Practical algorithm for increasing vibration pore
water pressure in saturated sand[J]. Journal of Hydraulic
Engineering, 1991, 22(8): 45-51. (in Chinese))

[(13] x1BCke, & 55, %6 6, &% SCEPInIE R s £LIE
BRBTSC[T]. A A0 J1 5 TR, 2021, 40(4): 790-801.
(LIU Hanlong, ZHANG Yu, GUO Wei, et al. A prediction

model of dynamic pore water pressure for MICP-treated
calcareous sand[J]. Chinese Journal of Rock Mechanics and
Engineering, 2021, 40(4): 790-801. (in Chinese))

[14] CETIN K O, BILGE H T. Cyclic large strain and induced
pore pressure models for saturated clean sands[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2012,
138(3): 309-323.

(151 % ot, BRED, X 3, S5 9RO o v A )
WAL PRSI )). A5 7%, 2021, 42(7): 1951-1960.
(LIU Kang, CHEN Guoxing, WU Qi, et al. Effects of cyclic
loading directions on liquefaction characteristics of saturated
coral sand[J]. Rock and Soil Mechanics, 2021, 42(7):
1951-1960. (in Chinese))

[16] #tik, & 1%, R B, S5 PRI EAE T A I
WA PERI M), A 7%, 2023, 44(9): 2648-2656.
(YANG Zhengtao, QIN You, WU Qi, et al. Influence of
cyclic loading frequency on liquefaction behaviors of
saturated coral sand[J]. Rock and Soil Mechanics, 2023,
44(9): 2648-2656. (in Chinese))

(17] ¥R, E 0K, AAE 0, S5 DRI B XD ik
20 B R I B 9T (0], £OK TRR 24K, 2021, 54(11):
109-118. (XU Chengshun, WANG Bing, DU Xiuli, et al.
Experimental study on effect of cyclic loading frequency on
liquefaction mode of sand[J].
Journal, 2021, 54(11): 109-118. (in Chinese))

(18] Hh4kza, BMRIES, 2= &, 55 JEMGr 8T A s v 3 )
WAL R ARG TE AT (], 5 & TR, 2019, 41(5):
981-988. (MA Weijia, CHEN Guoxing, LI Lei, et al

China Civil Engineering

Experimental study on liquefaction characteristics of
saturated coral sand in Nansha Islands under cyclic loading[J].
Chinese Journal of Geotechnical Engineering, 2019, 41(5):
981-988. (in Chinese))

(191 = B, EHM, XURTE, 55 TP AR A
By 38 b e AL IS R R BRI T T (D). A TR AR,
2023, 45(10): 2091-2099. (WU Qi, WANG Luyang, LIU
Qifei, et al. Experimental study on development model of
excess pore pressure for saturated coral sand based on shear
strain characteristics[J]. Chinese Journal of Geotechnical
Engineering, 2023, 45(10): 2091-2099. (in Chinese))

[20] W X, SRAER. I 8T AIRD I LK 71
AL HLEE S R R[], R TR, 1990, 23(2):
51-60. (XIE Dingyi, ZHANG Jianmin. Research on transient
change mechanism of pore water pressure in saturated sand

under cyclic loading[J]. China Civil Engineering Journal,



W

K, SF B RN B B VAR i L 1 AR 2385

1990, 23(2): 51-60. (in Chinese))

[21] MARTIN G R, SEED H B, FINN W D. Fundamentals of
liquefaction under cyclic loading[J]. Journal of the
Geotechnical Engineering Division, 1975, 101(5): 423-438.

[22] JIANG Y S, GREEN R A, TAYLOR O D. Expanded Byrne
model for evaluating seismic compression[J]. Earthquake
Spectra, 2021, 37(2): 612-636.

[23] CHEN G X, QIN Y, WU Q, et al. A unified model of cyclic
shear-volume coupling and excess pore water pressure
generation for sandy soils under various cyclic loading
patterns[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2024, 150(9): 04024075.

[24] FEMOHE, BRI GG N AR st 40 0 FL 1 B
B[] A L2, 2011, 33(2): 188-194. (WANG
Binghui, CHEN Guoxing. Pore water pressure increment
model for saturated Nanjing fine sand subjected to cyclic
loading[J]. Chinese Journal of Geotechnical Engineering,

2011, 33(2): 188-194. (in Chinese))

[25] EMoE, BRED, 27701, WA st b £ B
FHEPERT L[], W7 IR 224, 2010, 30(5): 487-496.
(WANG Binghui, CHEN Guoxing, LI Fangming. Research
on universality of pore water pressure increment model for
saturated Nanjing fine sand[J]. Journal of Disaster Prevention
and Mitigation Engineering, 2010, 30(5): 487-496. (in
Chinese))

[26] FkyCgs. VARD AL R 26 AR D]. M TR S AR
A1, 1984, 4(1): 99-109. (ZHANG Kexu. Stress condition
inducing liquefaction of saturated sand[J]. Earthquake
Engineering and Engineering Vibration, 1984, 4(1): 99-1009.
(in Chinese))

[27] FEMOHE. LI M DRI IR 50 70 4 1 AR BT
FU[D). B &l FE o Lok K%, 2010. (WANG Binghui.
Experimental Study on the Dynamic Characteristics of
Recently Deposited Soils Along the River (Sea) in Jiangsu
Province[D]. Nanjing: Nanjing University of Technology,
2010. (in Chinese))



