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Abstract: The accumulation of volumetric strain in saturated sandy soil with a drained or partially drained state during
earthquakes and waves can significantly distress the surface, seabed and nearby structures. A quantitative correlation exists
between the tendency of the volumetric strain in drained and the generation of the excess pore water pressure in undrained
saturated sand. The effects of the initial relative densities (Dr), cyclic stress paths and stress levels (CSR) on the tendency of the
volumetric strain for saturated coral sand are studied by a series of undrained cyclic shear tests under isotropic consolidation
conditions. The results show that a positive correlation exists between the residual volumetric strain (evair) with the
minor-to-major ratio and the inclinations of the elliptical stress path shape under the same D: and CSR. The generation of &va,ir
with the cyclic number (N) of saturated coral sand under various Dx, cyclic stress paths and CSR obeys the relationship of
arc-tangent function. Dx, cyclic stress path and CSR have significant effects on the ultimate volumetric strain ((¢vd.ir)u) and the
convergence speed of evair versus N. By introducing a unit cyclic stress ratio (USR), a positive linear correlation exists between
(&va,ir)u and USR under the same D;. The convergence parameter Cni of eva,ir versus N has a positive linear relationship with USR,
and Cn2 has a negative power function relationship with USR. The convergence rate of evair versus N slows down with the
increase of USR. Another significant finding is that (&vd,ir)u decreases with the increase of Dr, and the convergence speed of &vd,ir
versus N becomes faster with the increase of Dr. The proposed volumetric strain formulation provides new insights into the

mechanics of residual volumetric strain generation under
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drained cyclic loading conditions.
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Fig. 1 GDS hollow cylinder torsional apparatus
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Fig. 2 Stress states of a hollow cylinder specimen
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Fig. 3 Schematic illustration of typical loading paths
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Fig. 4 Scanning electronic microscope graph and grain-size
distribution curves of coral sand
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Table 1 Schemes of drained cyclic shear tests

No. mi/ma2 Al D Dol CSR  (evdin  Cni Cn2 | No.  mi/ma Al Di Didf CSR  (evdin  Cni 2
) % % ) % %
01 1.00 — 30 3626 0.15 0.782 0.064 0.771 | 34 0.125 0 45 4979 030 0.840 0.111 0.722
02 1.00 — 30 3653 020 1.238 0.098 0.688 | 35 0 0 45 50.11 0.15 0.194 0.013 1.144
03 1.00 — 30 3642 025 1.558 0.156 0.610 | 36 0 0 45 50.04 0.20 0.356 0.039 1.004
04 1.00 — 30 36.18 030 1.909 0.201 0.551 | 37 0 0 45 50.28 0.25 0.522 0.069 0.813
05 0.50 0 30 35.69 0.20 0.673 0.067 0.754 || 38 0 0 45 4984 030 0.704 0.084 0.789
06 0.50 0 30 35.64 0.25 1.037 0.090 0.695 | 39 1.00 — 60 62.89 0.20 0.651 0.110 0.669
07 0.50 0 30 3573 030 1341 0.143 0.621 | 40 1.00 — 60 6353 025 0.854 0.175 0.648
08 0 0 30 36.22 0.20 0.513  0.018 1.049 | 41 1.00 — 60 6278 0.30 1.153 0.226 0.507
09 0 0 30 36.60 0.25 0.675 0.045 0.910 || 42 0.50 0 60 62.99 0.20 0.406 0.090 0.758
10 0 0 30 36.45 030 0961 0.085 0.702 | 43 0.50 0 60 63.03 0.25 0.566 0.121 0.685
11 1.00 — 45 50.18 0.15 0.527 0.068 0.779 | 44 0.50 0 60 63.31 030 0.781 0.152 0.588
12 1.00 — 45 50.07 020 0975 0.105 0.723 | 45 0.50 30 60 62.83 020 0414 0.080 0.784
13 1.00 — 45 5029 025 1.298 0.158 0.603 | 46 0.50 30 60 62.89 025 0575 0.112 0.664
14 1.00 — 45 50.12 030 1.672 0.209 0.543 | 47 0.50 30 60 6280 030 0.752 0.165 0.604
15 0.50 0 45 50.01 0.15 0.313 0.020 1.099 | 48 0.50 60 60 63.06 020 0443 0.071 0.673
16 0.50 0 45 5032 020 0.670 0.081 0.723 | 49 0.50 60 60 62.69 025 0.629 0.128 0.634
17 0.50 0 45 49.04 025 0.738 0.103 0.669 | 50 0.50 60 60 6438 030 0.802 0.179 0.583
18 0.50 0 45 5042 030 1.040 0.149 0.601 | 51 0.50 90 60 62.73 020 0494 0.095 0.678
19 0.50 0 45 50.18 037 1.452 0.183 0.564 | 52 0.50 90 60 63.00 025 0.682 0.134 0.586
20 0.50 30 45 4933 0.20 0.620 0.079 0.778 | 53 0.50 9 60 63.26 030 0.889 0.187 0.553
21 0.50 30 45 4944 0.25 0.855 0.109 0.652 | 54 0 0 60 62.72 0.20 0.287 0.038 0.993
22 0.50 30 45 5053 030 1.179 0.152 0.598 | 55 0 0 60 62.61 0.25 0.328 0.065 0.836
23 0.50 60 45 49.08 0.20 0.692 0.083 0.765 | 56 0 0 60 6292 030 0465 0.133 0.639
24 0.50 60 45 4983 0.25 0971 0.154 0.623 | 57 0 0 60 62.54 0.35 0.576 0.153 0.637
25 0.50 60 45 5042 030 1.219 0.165 0.584 | 58 0 90 60 6281 0.25 0.525 0.114 0.664
26 0.50 90 45 4949 0.20 0.708 0.089 0.752 | 59 0 90 60 62.75 030 0.685 0.149 0.604
27 0.50 90 45 50.14 0.25 1.058 0.145 0.628 | 60 0 90 60 62.74 035 0914 0.194 0.551
28 0.50 90 45 5044 030 1.311 0.179 0.565 | o1 1.00 — 70 7452 030 0.875 0.265 0.507
29 0.25 0 45 5043 020 0515 0.049 0924 | 62 1.00 — 70 7358 035 1.104 0.303 0.481
30 0.25 0 45 50.18 0.25 0.771 0.080 0.724 | 63 0.50 0 70 73.73 030 0.521 0.139 0.561
31 0.25 0 45 49.79 030 0.852 0.134 0.636 | 64 0.50 0 70 74.41 035 0.611 0.176 0.535
32 0.125 0 45 50.25 020 0.463 0.038 0.993 | 65 0 0 70 73,53 020 0.152  0.041 0.901
33 0.125 0 45 49.65 025 0.609 0.072 0.802 | 66 0 0 70 73.57 030 0.400 0.089 0.624
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Table 2 Values of C1, C> under different cyclic loading conditions

A=
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PEIN IR b Ci C
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Fig. 9 Relationship between unit cycle stress ratio and ultimate

volumetric strain under various initial relative densities
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Fig. 10 Relationship among a, USR: and initial relative densities
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Fig. 11 Relationship among Cni, Cnz and cyclic loading modes

under various initial relative densities

3.3 BREMMNTARIZASURE
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Fig. 12 Relationship among Cni, Cn2 and USR under various initial relative densities
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