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Experimental study on development model of excess pore pressure for
saturated coral sand based on shear strain characteristics
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Abstract: A series of undrained cyclic torsional shear tests are carried out on the saturated coral sand specimens from Nansha
Islands by using the hollow cylinder torsion shear apparatus. The aim of the tests is to investigate the effects of fine
contents(FC), relative density (Dr) and applied cyclic stress ratio CSR on the generated excess pore pressure ratio Ru of the
specimens. The test results show that: the development rate of Ru-N curve increases with the increasing FC and CSR, but
decreases with the increasing Dr. In addition, the development rate of Ru-N curve of the saturated coral sands significantly
exceeds that of the terrestrial quartz sands, and the traditional Seed pore pressure model is not fully applicable to characterize
the development pattern of the excess pore pressure of coral sands. For the same D; and FC, Ry of the specimens under different
CSR is uniquely related to the shear strain amplitude (y.). A pore pressure evaluation model based on the shear strain
characteristics is established, and the analysis shows that the pore pressure model parameter 4 is a soil-specific constant, and
the density-corrected pore pressure model parameter B/(Dr)' has a single negative power function relationship with the

equivalent skeleton void ratio es".
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Fig. 1 SEM images of coral sand
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Table 1 Basic physical indices of coral sand with pure sand, pure
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Table 2 Test schemes
D/ FC/ D/ FC/ D/ FC/ D/ FC/ D/ FC/
ID R | ID R | ID R | ID R | ID R
v % CS v o CS v o CS % % CS % o CS
1 30 0 1.888 | 10 30 30 0.188 | 19 45 641 0223 |28 45 20 022337 70 10 0.312
2 30 0 022311 30 30 022320 45 641 025029 45 20 0250 (38 70 10 0.350
3 30 0 025012 30 30 0250 |21 45 641 022530 45 30 0.188 39 70 20 0.263
4 30 10 0.188 | 13 45 0 0.188 | 22 45 641 0263 |31 45 30 022340 70 20 0.312
5 30 10 022314 45 0 0.223 | 23 45 10 0.188 |32 45 30 025041 70 20 0.350
6 30 10 0250 15 45 0 0.250 | 24 45 10 022333 70 0 0263]42 70 30 0.263
7 30 20 0.188 | 16 45 0 0.320 | 25 45 10 0.250 | 34 70 0 031243 70 30 0312
8 30 20 022317 45 0 0.263 | 26 45 10 0.280 | 35 70 0 035044 70 30 0.350
9 30 20 0250 18 45 641 0.188 |27 45 20 0.188 |36 70 10 0.263
1.0 1.0 10y
0.8 0.8 0.8}
] <& 1
S 06 A6 2 o6t
H g g CSR=0.250
= CSR=0.188 CSR=0.233 0.
& 04 ; e & 04 ‘ w =0y, B 04 C
2 Wk Eiw,  ® omk SrCite R o
02 A FCo20% 02 -+ FC=20% 02 R0
- FC=30% VFC=30% S+ FC=30%
020 40 60 80 100 120 0 14 28 42 56 70 o 510 15 20 25
TEIRIRIKN TEIRIRIKN TEAIRIKN
(a) D,=30/%
1.0 1.0 1.0
0.8 0.8 0.8
& < <
R N R
E 0.6 g 0.6 g 0.6
CSR=0.188 CSR=0.233 CSR=0.250
% 04 - FC=0% % 0.4 = FC=0% % 04 % FC=0%
= FC=6.41% = FC=6.41% = F(C=641%
0.2 -0~ FC=10% 0.2 -o- FC=10% 0.2 - FC=10%
-4 FC=20% -4 FC=20% -4 FC=20%
L _?_ FC=3(|)‘% | L L L —V—I FC:3?.% | L na F|C=3O.%
0 100 200 300 400 500 00 30 60 90 120 150 180 0 20 40 60 80
TEIRPRIRN TEIRPRIRN TEFRHRIRN
(b) D,=45/%
10 10y 1.0
0.8} 0.8 =" 0.8
iy 0 L FCHk ig 06 FCHR ig 06
g 0.4 C5R=0.263 g 04 : CSR=0.312 g 0.4 CSR=0.350
)| / -4 FC=0% )] - FC=0% %] % FC=0%
-0-FC=10% O~ FC=10% -0 FC=10%
0.2 -+ FC=20% 0.2 -+ FC=20% 0.2 & FC=20%
- FC=30% ¥ FC=30% ) “+FC=30%
o 17 34 51 63 85 o 10 20 30 40 50 0 7 14 21 28 35
PEIRIRIRN PEIRIRIRN TEFRIRIRN

(c¢) D,=70/%

& 4 (AFREARY Ru 5 N B FR B

Fig.4 Relationship between Ruand N for saturated coral sand



=

10 =

B, S5 BT BTSSR B R SR 0 LS R R AR R BT A

2095

Kl 5 WANIE FC J CSR NAMIEIRD RS NN
1% % . ATLAE H FC M CSR %} Ry BE N/NL 11221k
FROEA AR, HZMT) Seed SPTHEH M IESX R
BFL A AN 5 438 T AR . e rh e sizgk
Fe AR RHEHT T — R 5080 = 50X 56 AT 1S 2 1 m AT
JRWSFLE R R LN IA 5, BARFI IS R I ue H R
kF ol REARRGLSE KA ER, ERXMER
MR AT e e 5 i PAARIG S GRIGAN 38 57634
#1842 K. 2Ry < 0.3 I, b FLE
RBAE & P S R fLUE R R IVE R N (H
X Ry > 0.3 B, WEIRFLEM R BB T8 R L%
RER it B 5 hRE T2 Lee RGN
Monterey 1 Jefb 1L K R, S £LE R fe
R T R R LR G L g, B R e
Ru R TR B KT A b o

1.0

s FC=0% P [!§ Qﬁ!! i
+ FC=6.41% - | s ‘92?/
x FC=10% P A S Ao
0.8 « FC=20% .7 A E e sl !
« FC= o el
= FC=30% A ﬂ’fx ' .X‘;i%ﬁ G
gé LA ’.:&‘*n‘ ;;Eyauwm/‘
2 0.6 4% o SR
it - = Sighos
%. . it
] 04 2
V
o, e
L%"' —— R
I is* ‘:l Monterey@us]
1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
PRI YRR LENING,

5 (R B FLIE R R
Fig. 5 Development patterns of excess pore water pressure for
saturated coral sand
2.2 ETHYINETFERBETLE & RIUNRE
K 6 20 H BT N ARMRAR y, 5 AL EE Ry IR R LR,
AN[F) Dy, FC AT CSR 1B N A EIRD () Ry -y, KR
2 I “ TUR—PAR” IR RRS, Hy, <1 i,

5 1.0

A g FC=20%, D,=30%, CSR=0.25

K FC=20%, D,;=30%, CSR=0.25
2

R BRI LR, Gy, WK E 1 A4, RIEKHE
B My, >2.5 B Ry, B IE TP, BE
A, FC Y5 DX} Re-y, MIZZ BN R, 1 CSR
XF Ru-y, RARMEEAT RN, XRPEET . HFAL
JE R AR R AT LAY BRG] 25 PRS2 e, H ik, m]
FE T I T BY 1) S AR AR (AR B LR R AR A ¢

Va
R = Axacrtan| =

Xt 4, B RILESBI G SH, KR R B y, A2
th, R () XFEBEARE D FC MWAIMEIRSK v, 5
R I8 B A B LA RUR , SRR MERLG B RP IR
+0.97.

B 7 AT50, A NS MR R L R A AR
SR, FEARYERTE 173, HAR FC A1 D, FI520; B
RAE R Bl y, FISEK IR FFEFL R BT S 4L, 52 FC F
D UM% . 2455 D, BB FC 36K 2 24 %
ik, 4 FC W), B BE D, (3 KN, X0,
FC #/NEX Dbk, MO FNBH s () ke L 3G o 22
TR o

NG —RAE FC J D LRSS 4L B 520,
FINEERCE SR FLIR L &, AR R A0k 2 15 20 i 42
AR EEXN AR FC D L BRI EEARAS 52 . &) 58
SCRRD i BERURL AR AR 5 G 8] PR FL R AR 2 B0

;- _et(=b)-FC
¥ 1-(1-b)-FC
A p ARSI RS, 0 < b < 1, Mohammadi
SEBOA W T TR b AE R AL A 5
mj

e S

e k=1-19%, r=yly 5 oas fat FBRRAL,
&, DR, ar, AR R

o

€)

“4)

FC=20%, D,=30%, CSR=0.25

3 < o & )
gos A gos o ay=0 g6t | oo
04 % 0g=22.5° H o4l * =225 FHéOA g x2S
& " A ay=45° ~ £ A ay=45° ¢ A oy=45°
02§ — AR 021 — BAMmL 028 — #AmMK
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
BY AR WEAE Y. /% BY A WA Y. /% BY R AE WRAE Y, /%
101
AR
0.8 BESH
<o FC=20%, D,=30%, CSR=0.25 FCI% —— 3 2
Hﬂg : ° ad=(2);5 0 066 039 0.98
k-4 =22.5°
e S 10 065 034 097
=
02 — WA 20 0.66 0.31 0.99
30 066 027 0.98
0 1 2 3 4 5 6
BY AR iR E Y. /%

(a)

D,=30%



2096

2023 4F

FC=0%, D,=45%

FC=6.41%, D,=45%
o ay=0°, CSR=0.25

FC=10%, D,=45%, CSR=0.25

1 o oy=0°,CSR=0.35 of s
R 06 % 03=22.5°,CSR=0.25 506 % 0y=22.5°, CSR=0.25 2 OOTE o =0
i A oy=45°, CSR=0.25 = A ay=45°,CSR=0.25 1 & n au=225°
& 0418 O oy=45°, CSR=0.25 = 04 o ay=0°, CSR=0.30 = 04 A aymdse
£ VN i v 0y=0°,CSR=0.35
02 i 021 — A me 02f% — WAMR
¥ K/
L
1 1 1 1 1 ] 1 1 1 1 1 ] 0 1 1 1 1 1 ]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
BY N AS WEAE . /1% DY RS MR E /%
1.0
BALR
0.8 BASH
FCI% == 5
& 0618 FC=30%, D,=45%, CSR=0.25 A B R
Hﬁg A o 0y=0° 0 068 028 098
= 04 § % o;=225° 641  0.68 0.26 0.97
02 A ay=45° 10 0.67 0.25 0.99
— WAL 20 0.65 0.22 0.99
§ 1 2 3 4 5 & 30 0.67  0.18 0.98
YRR A /%
(b) D,=45%
1.0
A
081 & Lc=10%, D,=70%, CSR=0.25
P o a0t . FC=20%, D,=70%, CSR=0.25
g 06 ad—zz - $ 06 o ay=0°
# *oGgmas H |8 o« =225
5 04 A g=45° = 04 :
] — pas [ E A ay=45
02 R 02 — AWK
0 1 2 3 4 5 6 0 1 2 3 4 5 6
DY REAE IR AR /% YRR A /%
BALR
£ BASK
. FC=30%, D,=70%, CSR=0.25 FC/% " ”B 2
< 0.6 o (xd:O"
FY] 0 0.66 0.24 0.98
i % @g=22.5°
= 04 A ay=4s° 10 0.66 0.22 0.97
o2l — BlAMLk 20 0.65 0.20 0.98
B 30 0.65 0.17 0.98
0 1 2 3 4 5 6 7 8
YRR R AE /%
(¢) D,=70%
6 BN TIRESBEFLELLNX R
Fig. 6 Relationship between shear strain amplitude and excess pore pressure ratio
g p p pore p
0.80 | 0.40
4 D=30% et S & D.=30%
075} = D=45% =459
- o D,=70% " D=45%
r 035 Reee o D,=10%
0.70
T Y wn_o__ A o A
% 0.6SQ & \ §
A=1/3
0.60 F
0.55F
0'500 5 1'0 1'5 2'0 2'5 3|0 0.15 L L L L L )
P 0 5 10 15 20 25 30
0 ARLE HFCI%
7 ¥ 4, B5FC £ZH%
Fig. 7 Relationship between parameters 4, B and FC
g p P



510 3 B, S5 BTN AR A R SR b LS R R AR R BRI AT 2097

SRR, B EBIENFLEBE S B(Dy)'S

B e, M3 Kmm/NMOI % (B 8), Wi AA R

RS 2R, H FC J D WHZME— 155 R B0

XULRH, ZRE IR HARYIRI AL R . WERR A AN Uk 122

fili ¥ €, EFRAE BA(Dy)'> H— AN B 3R A7,

REAR A Hh 2 & R AN RIS 25 - (1 R E X B/(Dy)'

IR . i, B 5 e, MBEMERRIMLRRRN

B=D"xa(e) - (5)

e o f1 B RIESE, W T ARG 1 AR,
o F B 43 10H 0.3 F1-3.3,

, 0200 D, FC D, FC
EN A 0% ° 0%
g v 6.41% ..., ® 10%
5016 45% a 10% 0%x 20%
= N 4 20% o 30%

\ . v 30%

Qo p, FC
& \* * 0%

! o # 10%
P—j, 008 v 7% 4 20%
2 o * 30%
i R T

0.04 - i
ﬁ B=D!x0.3(c5) 33
b
0 ' . ' :
12 1.4 1.6 1.8 2.0
EREERILBR el

8 BEEEERFLERESH B/(D)'* 5 ex’ XA
Fig. 8 Relationship between density-corrected pore pressure model

parameter B/(Dy)' and ex"

gi b, WESILRE & D, FC K CSR AT
RS FLIE TRINARSY,  BARRER T

B, B RPRNARL I AR B4R bR, SR JE B
X G, W itHe ;s

Hik, #ET e, M D, MR (5) KESL B
ZH B; fLISHRSE A BUEMH 1/3;

e, PSR (2) P55 B RIAR S A4 T T AN )
W Ru, FHHER ue.

X T ARG, FHE T BN N AR A LS
TRy

’

u, = x acr tan Ya 6
© 3 D03y ° ©
3 & it

BT RZIIAHOKIEAHBRE, 4IRS T HA
ANTF] FC A Dy v A D 7E AN [R] CSR IR 24 0 25 2%
PR ILIE R B, BEILLT 3 Mgsit.

(1) FC, CSR 8¢ D [tk 2 5k RuBE N 1K
JEIER AR, FC MI¥EHN. D, ifjk/ K CSR A8k
B33 R N PR FEEEN K, FC, CSR K D:
X NU B S 80 AR S PR . KR I Dy B2 FC
X BER L R FE R FEE KT CSR XHEEHLIE K&
iopA

(2) WHARPTE Ru-N/NL ALFR 2 0 () 1) R W S
H T BRI SR LR I il A, BRI B Ry R R
R R KT ATR . £ Seed 1E 5% bR £ FL AR Y
FEATEAE TR A RS . AN[E Dy, FC 1 CSR R
PRI (1) R By, I3 2B« SURI-FRR” R AR
X, HEEARIEVIRECCR.

(3) $2&H 5T BY ) B AR KRR ()8R L s % Fee ot
BiRY, oo, FUEBSE A A S E £, Xt
TARIG A RPEL 1/3; FLERI S4B B FC (39K
BERVEREC, BE DRI thAh, KL
IERIFLERR S E BADy)' > 5 e, B B[ 5w bR
KRR

SE -

(1] D45, BRED, 2 &, 5. JEMRECT A vh 3 e
VAL R P R AT T (0], A £ TR, 2019, 41(5):
981-988. (MA Weijia, CHEN Guoxing, LI Lei, et al.
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))

(2] w4, MSIZL. R O B RS BT B0 7 4
W], A J1%, 2019, 40(10): 3897-3908, 3919. (GAO
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))

Bl £ B, Exk, ket 5 N TR -5t
5 FE ORLAR Bh = RIS AU [0). A L%, 2021, 42(10):
2819-2829. (WANG Luan, WANG Yunlong, YUAN
Xiaoming, et al. Experimental study on liquefaction
resistance of hydraulic fill coralline soils at artificial sites
based on large-scale dynamic triaxial apparatus[J]. Rock and
Soil Mechanics, 2021, 42(10): 2819-2829. (in Chinese))

(4] FEL B UK, SRR S PRI AR R N R LS
RECRIBEERFIED]. &+ 1%, 2007, 28(KE T 1): 724-729.
(NIE Qingke, BAI Bing, HU Jianmin, et al. The pore pressure
model and undrained shear strength of soft clay under cyclic
loading[J]. Rock and Soil Mechanics, 2007, 28(S1): 724-729.
(in Chinese))

(5] SKEER. W hahyE TRABIBIRIT]. A&+ T2,
2012, 34(1): 1-50. (ZHANG Jianmin. New advances in basic
theories of sand dynamics[J]. Chinese Journal of

Geotechnical Engineering, 2012, 34(1): 1-50. (in Chinese))



2098 =

+ T B % ik

2023 4F

[6] fNEEUR, E2I, £ P, & WA Bt AR oL
JEANRL AR A R R B L [0). A £ F1%, 2010, 31(11):
3464-3468. (SUN Haimei, WANG Lanmin, WANG Ping, et
al. Experimental study of development of strain and pore
water pressure during liquefaction of saturated Lanzhou
loess[J]. Rock and Soil Mechanics, 2010, 31(11): 3464-3468.
(in Chinese))

(71 % K, FLER, AbfEm, & AR EREHREIALIE S8
MRS R RS R T[T, L J1%E, 2006, 27(6): 925-928.
(XU Bin, KONG Xianjing, ZOU Degao, et al. Study of
dynamic pore water pressure and axial strain in saturated
sand-gravel composites[J]. Rock and Soil Mechanics, 2006,
27(6): 925-928. (in Chinese))

[8] CHEN G X, ZHAO D F, CHEN W Y, et al. Excess
pore-water pressure generation in cyclic undrained testing[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2019, 145(7): 04019022.

(9] S, £EIRIE, V& 7, . ARG R B TR
B-FLUERE R[], A 1%, 2018, 39(5): 1564-1572,
1580. (NIAN Tingkai, JJAO Houbin, FAN Ning, et al.
Experiment on dynamic strain-pore pressure of soft clay in
the northern slope of South China Sea[J]. Rock and Soil
Mechanics, 2018, 39(5): 1564-1572, 1580. (in Chinese))

[10] HYODO M, HYDE A F L, ARAMAKI N. Liquefaction of
crushable soils[J]. Géotechnique, 1998, 48(4): 527-543.

(1] X0k, 5 55, 56 6, 55 SCEYInTE R s £L IS
WRBTSC[T]. A A0 1 5 TR, 2021, 40(4): 790-801.
(LIU Hanlong, ZHANG Yu, GUO Wkei, 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))

[12] AIREY D W, FAHEY M. Cyclic response of calcareous soil
from the North-West Shelf of Australia[J]. International
Journal of Rock Mechanics & Mining Sciences &
Geomechanics Abstracts 1991, 28: 101-121.

(13] BL#E, VT k. F5PTRD 358 BEIR i L[], A& 0%,
1999, 20(4): 6-11. (YU Haizhen, WANG Ren. The cyclic
strength test research on calcareous sand[J]. Rock and Soil
Mechanics, 1999, 20(4): 6-11. (in Chinese))

(14] B2, VE B8, RO, 55 BORer 8T 855 b L
KA IR 7T 0], BCDCEE TR 24224, 2006, 28(11):
86-89. (YU Haizhen, WANG Ren, ZHAO Wenguang, et al.
Experimental research on development pattern of pore water

pressure of carbonate sand under wave loads[J]. Journal of

Wuhan University of Technology, 2006, 28(11): 86-89. (in
Chinese))

[15] fhvili &, BBAR), A R, ATLBRS & ) X 45 R iR
RFE I RE )], 25 71%%, 2002, 23(2): 166-169. (Sun
Jizhu, Huang Mingli, Wang Ren. Influence of inner pore and
anisotropy on liquefaction characteristics of calcareous
sand[J]. Rock and Soil Mechanics, 2002, 23(2): 166-169. (in
Chinese))

(16] Sgesi, PREM, R . Sa0mEsctt Tl kit
PR IGHT 7T (D). & J1%E, 2020, 41(2): 535-542, 551.
(MA Weijia, CHEN Guoxing, WU Qi. Experimental study on
liquefaction resistance of coral sand under complex loading
conditions[J]. Rock and Soil Mechanics, 2020, 41(2):
535-542, 551. (in Chinese))

(171 £ NI, Autst, 88 2. 06 =8N ) BRAT N 55 R
RIS AR, &+ TR, 2019, 41(4): 755-760.
(WANG Gang, ZHA lJingjing, WEI Xing. Evolution of
particle crushing of carbonate sands under cyclic triaxial
stress path[J]. Chinese Journal of Geotechnical Engineering,
2019, 41(4): 755-760. (in Chinese))

(18] k&4, & &, HEE, & SUMEN T8 R BRI
R B8 B 7T [0, A £ 1%, 2008, 29(10): 2789-2793.
(ZHANG Jiaming, ZHANG Ling, JIANG Guosheng, et al.
Research on particle crushing of calcareous sands under
triaxial shear[J]. Rock and Soil Mechanics, 2008, 29(10):
2789-2793. (in Chinese))

[19] HALL E B, GORDON B B. Triaxial testing with large-scale
high pressure equipment[J]. Laboratory Shear Testing of
Soils, 1963, 361: 315-328.

[20] WEI H Z, ZHAO T, HE J Q, et al. Evolution of particle
breakage for calcareous sands during ring shear tests[J].
International Journal 18(2):
04017153.

(211 FEHEm, e, X%, 5. h& x4l
RG], AR SHEE T, 2011, 33(3):
52-56. (WANG Yanli, RAO Xibao, PAN lJiajun, et al. Effects

of Geomechanics, 2018,

of fines content on evolutionary characteristics of dynamic

pore water pressure of saturated sands[J]. Journal of
Chongqing Jianzhu University, 2011, 33(3): 52-56. (in
Chinese))

[22] KL, XM, BER. MRS ENH LaFLER B
S MRIG AT FT[T]. A 7%, 2008, 29(8): 2193-2198.
(ZENG Changnii, LIU Hanlong, CHEN Yumin. Test study on

influence of fine particle content on dynamic pore water



510 3 B, S5 BTN AR A R SR b LS R R AR R BRI AT 2099

pressure development mode of silt[J]. Rock and Soil
Mechanics, 2008, 29(8): 2193-2198. (in Chinese))

231 % M, £ & F R, E A0S B 5
Wi KB BT R RGO T[], &A1 5 TR
%, 2022, 41(1): 205-216. (WU Yang, CUI Jie, LI Chen, et al.
Experimental study on the effect of fines on the maximum
dynamic shear modulus of coral sand in a hydraulic fill
island-reef[J]. Chinese Journal of Rock Mechanics and
Engineering, 2022, 41(1): 205-216. (in Chinese))

[24] HIGHT D W, GENS A, SYMES M J. The development of a

new hollow cylinder apparatus for investigating the effects of

principal stress rotation in soils[J]. Géotechnique, 1983, 33(4):

355-383.

[25] Standard Test Methods for Minimum Index Density and Unit
Weight of Soils and Calculation of Relative Density: ASTM
D4254—14[S]. Annual Book of ASTM Standards, 2006.

[26] Standard Test Methods for Maximum Index Density and Unit

Weight of Soils Using A Vibratory Table: ASTM D4253—16
[S]. Annual Book of ASTM Standards, 2016.

[27] SEED H B, LYSMER J, MARTIN P P. Pore-water pressure
changes during soil liquefaction[J]. Journal of the
Geotechnical Engineering, 1976, 102(4): 323-346.

[28] LEE K L, ALBAISA A. Earthquake induced settlements in
saturated sands[J]. Journal of the Geotechnical Engineering
Division, 1974, 100(4): 387-406.

[29] THEVANAYAGAM S, MARTIN G R. Liquefaction in silty
soils-screening and remediation issues[J]. Soil Dynamics &
Earthquake Engineering, 2002, 22(9): 1035-1042.

[30] MOHAMMADI A, QADIMI A. A simple critical state
approach to predicting the cyclic and monotonic response of
sands with different fines contents using the equivalent
intergranular void ratio[J]. Acta Geotechnica, 2015, 10(5):

587-606.

E+—REEEANFEIEREMNAFARIZRS

BE/\EEANFMAEW

ERoBRESWE—SEM

2023 & 11 B 10 H—13 H, #iL TH&K

Bt —WREEE A 1% TRRE LR SRS
BINmE AT Rt meil, mhEsRA%E
TR EFIIFMAE WAL WIS L% 5 TR
SRR E R IIFE TR EHEF I, THRY . KIDK
FIZE R KT R = S A &7k Ip, T 2023 4F 11 A 10
H—13 HAEWTE TET A ARSI SIERE AR
. KFKE. BEER L. SCBHEL WA G ST FA
+ TR S M TE AR IR N 44 & R g AR B
RANG, BGes A )15 R T A L TR 2R AR
TR RN, A TR R RIS 2 AT R AR
e VKB THEYALTRTG, BIEERRES LT
T2 ARG K T T e T 70 )R, (e TR I o ik
RIGHET S5, ik, BATRMVGDAR L K 8 R FAT
B

SWER: OFRNIIFMTEAIIFRE SR S0E:
QBRI 13 BT SREHIREAR S S, @FA
TAEBR AR SIS S TR ; @KALE L TR Il
Kol B RTUERAR ;. @F MK HEE R LN HAR 55
Jiik: @F A IIREENEHTRAR 5 771k @R |
TR E LI T M T A @ReIRHL T fif 7 A0 e PRt T 45
P R S AR ;s @TBM HERE 8 40 120 o4
B BAR; OF A 71285 & . iR SH % @

fih o = TR 7 2 B LR N Sk @4 5 T AR
W M

EARIEREN: FARACR A SRR S T R, 1
IR LR T 2023 48 10 A 20 H Ak A H Ainaldhoki%
A A ningbocdf@126.com.

SUGEM: 1IE 3R 2000 o/ N, 2R TR K 4T A 5L 1000
Jo/ N, 10 A 20 BZ 5825708 2200 Jo/ N, 1200 Jo/ AN,
VEM 2 AEE HRAT K (BB sREBUZB N E UL RIK S JF
% i WEERRRATHAA A E], JEPRAT: T AT R
BIRAF BB AT, FFPKS: 70150122000252355, %%
WABVER “UEB+ T —Ualiks” .

S TRPESAE RIS GRBE A K
B, TR L TEEE 1288 5.

BAEAR: 42+ 18322349423, ningbocdf@126.com, #f
LA TP RS 818 5 7i K% T Kk 18615289558,
geotest2023@126.com, 11k 48 BT VLR X 3R K 289 5K
TLRFERE .

RIERR: BEEHBEK, WESSMERIE 2023 4£ 10 A 20
HZ B RIE R T RITEAR R W EAES AR, 1% UTE
S EHAER. 11 A 10 BEe b 7. 30 BIFAEA 1R E
W2 R mas i, 15 &AL EEEZS AR AT 2 HELF IR 2 nss
W, HHARBERIZ W, %5 BIRIRES .

WHIBE AR5 TRE%YS fHD





