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Experimental studies on effects of initial major stress direction angles on
liquefaction characteristics of saturated coral sand
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(1. Institute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China; 2. Civil Engineering and Earthquake Disaster
Prevention Center of Jiangsu Province, Nanjing 210009, China)

Abstract: In order to investigate the liquefaction characteristics of saturated coral sand from Nansha Islands under different
initial major stress direction angles (ay), a series of undrained cyclic torsional shear tests for saturated coral sand are carried out
by using the GDS hollow cylinder torsional apparatus. A remarkable finding of this study is that, o, has significant influence on
the liquefaction characteristics of coral sand, the excess pore water pressure (u,) for case ag # 45° cannot reach the initial mean
principal stress p; , but the u, for case ay = 45° can eventually reach do. The developments of strain components for various o
cases are different, but the specimens for all a, cases will produce larger general shear strain amplitude (y,,), and the correlation
between the u. to p; and y,, can be expressed approximately as tangent function. Based on the experimental data, the number of
cycles (MVp) required to induce initial liquefaction decreases with the increasing a, for a given cyclic stress ratio (CSR).
However, by defining the modified cyclic stress ratio (CSRy) as a new index for cyclic stress level, a virtually unique
relationship between CSRy and N can be established for all o cases. The applicability of CSRy, is verified by the original test
data of saturated sands from the literatures.

Key words: saturated coral sand; initial major stress direction angle; excess pore water pressure; deformation characteristic;

cyclic resistance; modified cyclic stress ratio
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Fig. 1 Hollow cylinder torsional apparatus
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Table 1 Index properties of coral sand
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Fig. 2 Electronic microscope scanning graphs of coral sand
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Fig. 3 Grain-size distribution curve of coral sand

R THIEHRIRE, Rt T AW 14 R e X
ERT BRI BEATRCLE, %043 5 EARIONES O R AR A
FIARIRTE A, R BT B AR, DLORIERER
Boitt. BREsEa, BREMEM COo B, AT
IKEA R o3 % S AT TR A Re v A, 2 s il
] 400 kPa I, XFEY B AE AL 0.97 LL L, SERFATIA
DNTRBE CHLA . PN 25 R 2 P 5 1) T 45 1 R3S
BEAT N EK -
1.3 TEFEENHNFEAEIT

0 FE RS2 S5 DLAE 4 Pos. Hight £
XA B AR B TN S BTk T 2 N 12
Koz o &1

W, bty =pr

G': + ’ 1
T - =) @




2020 4F

594 = o+
Gr!:por;)—i_pir; , (2)

T, +r

! (') o ;I’i

ol _PJo T Pl 3)

n—h

3IM
T, =—— 4
z0 271:(’2)3 _’/;3) ( )

' ' ' \/ [ 1\2 2

ol =(0.+0))/2+(c. -0}y [A+(,) » (5)
o,=0! (6)

ol = (0l +0,)/2-\J(0l —a)) 14+(1,) - (7)

(a) ZLEERAEZEY  (b) Wb LR ASTARR RS

4 FLEFRHEZ RS
Fig. 4 Hollow cylinder sample under loads
H1 T2 o R A BT AT BA ST 25 Ao 2 5 1] 485 17
WEKIINE, LR ZORAE R ER py BS5N
JILE Ry RN R b KA R TT A o HIAR
o X 4 DEEARSEIIE L3N

p'=(c/+o,+0;)/3 (8)
R=o//o; )
q=(o/-0y)/2 (10)
b=(o,-0y)/(c/-05) (11)

a, = %arctan(afiziyé J o (12)

B, B (1D ~ (12) AR A SEIA [ «,
P IR a4

2 HBRHERE

e e IS S AN R S NE Ay S ki o P ol Nl
SRR R, b AT 0.5, B b=0.5H,
WAMNEZEERUN, WIS R R, gl e Y T4
TR, WHL D, = 45%MIIRD, TERIIRA RO
FRiJ) py=100 kPa, [H4Z5RJJHE R=1.5, b=0.5, K&
0, =0° , 22.5° , 45° , 67.5° F190° [MI&MF FAT
[ 51 e R, N 3 AN F AR AR
CSR AT AHE KA BT RS, 720 B IR ¥ CSR
RN R TR S

CSR=gq,/py (13)
e, R TR ¢, = (0! —0)? 4472 | e
R [e) ] 25 25 A2k T G0 61 17380 B LA 0k 3 )7 22
Wk 2 i, RGN AR S s,
T2 AEHR

Table 2 Summary of test schemes
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Fig. 5 Diagram of stress paths in tests
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Fig. 6 Development tendency of excess pore water pressure at

various ¢, for saturated coral sand
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Fig. 7 Development tendency of strain components at various ¢,

for saturated coral sand
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Table 3 Values of o, , o}, , /1 and B, under different consolidation conditions for four sands

12 CPRERNID m o, /(° ) R b ol /kPa ol /kPa B b

0 130.00 100.00 1.11 0.93

YD B HE 22.5 128.28 92.93 1.08 0.92

WERE (30 0.77 45 1.5 0.5 120.00 80.00 1.00 0.89

( p,=100 kPa) 67.5 107.07 71.72 0.92 0.90

90 100.00 70.00 0.88 0.91

— 1.0 — 100.00 100.00 1.00 1.00

0 2.0 0.5 150.00 100.00 1.37 0.89

Al 0 1.5 0.5 130.00 100.00 1.22 0.93

¢ o= 100 kPa) 1.42 30 1.5 0.5 126.37 88.63 1.11 0.91
Po

45 1.5 0.5 120.00 80.00 1.00 0.89

60 1.5 0.5 111.37 73.63 0.90 0.89

90 1.5 0.5 100.00 70.00 0.79 0.91

0 1.66 05 137.22 100.00 1.18 0.92

30 1.66 05 132.72 85.89 1.09 0.89

VD Byt 45 1.66 05 124.81 75.19 1.00 0.87

B a2 0.98 60 1.66 05 114.11 67.28 0.91 0.86

( p,=100 kPa) 90 1.66 05 100.00 62.78 0.82 0.88

0 1.66 0 154.10 100.00 1.26 0.89

0 1.66 1.0 122.92 100.00 1.11 0.95

) 0 1.66 05 137.22 100.00 1.53 0.92

¢ o/ = 100 kPa) 2.49 45 1.66 05 124.81 75.19 1.00 0.87
Po

90 1.66 05 100.00 62.78 0.60 0.88
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