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Experimental study on threshold strain for pore pressure increase and stiffness
degradation in saturated coral sand under complex stress paths
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Abstract: The accumulation of excess pore water pressure (EPWP) under cyclic loading may induce partial or complete liquefaction
of saturated coral sands, posing significant threats to the safety of structures and foundations. In numerical simulations and analyses,
accurate prediction of EPWP development is essential, with the determination of threshold strain serving as a critical step. A novel
method has been developed to determine the threshold strains (pore pressure threshold strain J,, stiffness degradation threshold strain
%4> and flow threshold strain ;) for the EPWP generation and stiffness degradation in saturated coral sands under complex stress
paths. This was achieved isotopically consolidated, undrained single-stage and multistage cyclic shear tests, including 90° jumps and
continuous rotations of principal stress. The findings indicate that while J¥,, %4, and ) are relatively insensitive to the cyclic stress,
they are significantly influenced by the initial relative density (D). Additionally, the gap between ¥, and ¥4 widens as D, increases.
Under varying cyclic loading conditions and initial physical states, ¥; corresponds to the EPWP ratio of approximately 0.9, with a
corresponding stiffness index of around 0.10. The proposed method for determining ¥,, %4, and ) can effectively reduce the number
of required cyclic tests, making it suitable for use as input values in numerical calculations or analytical methods, and for
characterizing soil behavior under stress and strain conditions.
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Fig.1 Curves of shear modulus degradation and excess pore water pressure ratio generation



11 Z KA RRNIERAR T YA I RS FL T R 5 2R A R R AR 1R AR F 3443

e T B I T KM R R O R R R 2 — R i
Ab, BRI IRIBL K F WA KIRIE . EH
B WORSBEREER AT, Mk
DI SRR, K, B R
TR INE 3 A o T R B D BRI 2 A ) M o AN S
L3 ORI B 2R 4] AN HE K E A BT U0k ER, R
T BRGNS EAT TS R 1 L A
A MBI A BB AR AN Bl B A -
2 W
21 AR

K a kK 2 TR T BRI ) 25 0
# #1 89 {% Chollow cylindrical torsional shear
apparatus, fij#K HCA) FFEAHKIEH B UL
HCA A AR 4 A ZEE - ARk ik EHL R G M
IEE G BATOERSE BN A D IS /4k
B E . Bl R R G LG RN RS 1%
WA RS ML AT HA S W R M, . S
p, FINHE p, s HCA AR ZSHTE W, Chen 552,
i 2 s, A0 EFE R B ICEE 4 N )
e WEMN o, ’REN o, WA o, M
HEIN 17, K . DNENTT (oyv 0, 0y)
XN B EAA . o, 5o, BIRMAA
FERN TR o

(@) AR RS 1
B2 FOEEAFZ RS

Fig.2 Stress state of a hollow cylindrical specimen

(b) BB TT IR I PIRES

2.2 RIEAELBARRE &

IRV EL E BB Sy s aD . K 3 J&
RIS I B F B B v LU, SRR R
RMHRE, WD Egnh, ORI, KZ 2R
FORBOAIR, JEHE S WNILB. S, 505
WO B R 35 55.5% 0 SCA , 41.5% 8k 7 fif
A1 1% 3.0% TR, HLBRIRES & 207 90.28%. iR

R I 2k 3 s, ARSI NAS e
IR HIARNT 2 FE G, M 2.80, “FHIRIfE dy, 4 0.31 mm,
AR C, R 467, HMFEREC,H 086, K
AN LB A e, =172, e, =0.99,

=
H

i
wEH %
3

)

NFRREE
L5

EPSY]
=

0
1073 1072 107! 10° 10!
4%/ mm

B3 YW AR LR R R E
Fig.3 Grading curve and SEM image
of Nansha coral sand

TRIR A 2R, WS H =200 mm,
W\ SNERS N d, =60 mm. d, =100 mm. KH]
TAEVEMHIRE, IR 252 D, 7378 30%-
45%- 60%AH1 70%. WMt HIRD L AE LI 4=
JiT 5 BRI B B 1, 35193 5 2 BINRBEF ,
XFFRa i E h BORAS IRRE, 7R 2 R ™
PP BERER (m BE  X T RO SR, 2L
R, RN &R 2 AT E B AR, DAFRR
ARSI, MiAFE B =G, Al
FEIA B MIAN, 5638 15 min i) CO, PAE # A4k 111
S, AREMNRFERBATLSK, HELSMHE
s 9 3 B REMARTE 400 kPa. 1A B 7 E5T
RAERHATHOAIEE S N, K35 B H (B N5 45 %
PERHIFLERIE F REO B S, AR K e R im0,
M BE>095 S JdE¥HEILT 1. Skempton 2 H
1) B H AN T s

Au=B[ Ao, +A(Ao, - Acy) | (D

A A Dyl B 5F [ 45 25610 F IFLBRE 0 &
. Ao, FlAo, 735K /NERIIBAE: Au
NUEZAE . 1045 B {H=0.97 B, FANZIR
FECAMA. WME, SHAREAT RS, YI9h
S5 ERLT) py = 100 kPa. il Hd KA R G0
WL R GRS I BHRRE AR AL, A ke
IE] 45 i AR AR AR A B T B [ 45 S AR R 35 SEFE D, o
R R 2 FIH T D, 8, KIMFE D, Tk
i1 D, I BhTE U, IX 3R IR % 1 2 53 1
Bt



3444 et +

71 & 2025 4F

F1 NHKEABIIIRR TR (90° BREESL1842)
Table 1 Test protocol for undrained cyclic shear tests with
90° principal stress axis jumps and continuous rotations

s D D, a, Yo 2 Y
/% 1% /() /% /% /%

SS01 45 50.42 0.0 — — 1.375
SS02 45 49.73 22.5 — — 1.351
SS03 45 49.62 45.0 — — 1.350
SS04 45 50.19 67.5 — — 1.401
SS05 45 49.82 90.0 — — 1.395
MSO01 30 36.08 0.0 0.0216 0.0269 1.063
MSO02 30 36.44 22.5 0.0222 0.028 8 1.241
MS03 30 36.52 45.0 0.0191 0.0251 1.006
MS04 30 36.04 67.5 0.0196 0.0244 1.110
MSO05 30 36.37 90.0 0.0183 0.0242 1.365
MS06 45 50.62 0.0 0.0230 0.0313 1.347
MS07 45 49.73 22.5 0.0270 0.0348 1.306
MSO08 45 49.17 45.0 0.0244 0.0322 1.395
MS09 45 50.08 67.5 0.0239 0.0324 1.374
MS10 45 4985 90.0. 0.0231 0.0337 1.452
MSI11 60 63.65 0.0 0.0291 0.0387 1.536
MS12 60 63.32 22.5 0.0293 0.0414 1.478
MSI13 60 63.19 45.0 0.0298 0.0396 1.465
MS14 60 63.35 67.5 0.0312 0.0405 1.541
MSI15 60 64.05 90.0 0.0303 0.0406 1.478
MS16 70 74.13 0.0 0.0321 0.0429 1.549
MS17 70 73.92 22.5 0.0336 0.0431 1.556
MS18 70 74.00 45.0 0.0338 0.0454 1.538
MS19 70 74.26 67.5 0.0341 0.0446 1.614
MS20 70 73.97 90.0 0.0324 0.0420 1.581

VE: i SS MBILIIEIR, MS NGRS, o SR
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Table 2 Test protocol for undrained cyclic shear tests with

continuous principal stress direction rotations

g D, D, Oy max I Y Ve

/% 1% /() /% /% /%
SS06 45 50.14 22.5 — — 1.336
SS07 45 49.10 45.0 — — 1.382
SS08 45 51.61 67.5 — — 1.340
SS09 45 49.87 90.0 — — 1.411
MS21 45 50.11 22.5 0.0284 0.0329 1.354
MS22 45 4998 45.0 0.0280 0.0342 1.388
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Fig.7 Variation of excess pore water pressure ratio with deviatoric strain amplitude under various cyclic stress paths
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