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Full-flow cyclic degradation and micro-structure of representative
deep-sea soft clay

REN Yu-bin, WANG Yin, YANG Qing
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116023, China)
Abstract: The geotechnical properties of deep-sea soft clay are quite different from those of terrestrial or offshore clay. For the
representative deep-sea soft clay collected from the western region of South China Sea, an improved full-flow penetration
device is used to measure its strength characteristics. Combined with (Focusing on) the special micro-structure and bio-silica
minerals, the cyclic degradation characteristics are analyzed and discussed. The results show that the deep-sea soft clay in the
western region of South China Sea generally has the characteristics of high water content, high liquidity index, high activity,
low undrained shear strength and high sensitivity. The extremely slow deposition rate and stable deposition environment are the
main reasons for the high sensitivity of deep-sea soft clay. The change of micro-structure of soils during the full-flow cyclic

degradation process is mainly caused by the damage of flocculation and the change of pore structure. The bio-silica particles may

break under the cyclic penetration, leading to the release of the internal pore water, which will aggravate the degree of degradation.
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Fig. 1 Research sea area and sampling stations
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Table 1 Basic information of samples

e ZBC ) HEC ) KE/m  FERKE/m
15 110.98E  14.02N 2564 2.25
2% 111.75E  13.72N 2335 3.90
35 11050 E 1256 N 2535 2.25
45 110.55E  11.02N 2005 4.00
5% 113.04 E 1001 N 1982 4.00
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Fig. 2 Improved laboratory full-flow penetrometer
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Surem  Grem Table 2 Criteria for evaluation of sample disturbance
v Suo NHIEAHEKPTBT 8 (kPa); Surem HN5E OCR Aele,
YA F AR AHAGITIE (KPa)s g B~ WL WCilE Bk R
RN EREL B IIME (kPa); Grem NIRKIRAREE 11 24 <0.03 003-0.05  0.05-0.10  >0.10

PME (kPa); Ne NFHAAREL AWK 10.5;
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Table 3 Summary of test results of samples at different stations

FE i BRI  FKkE R W ke wmidkts ks WEME S.JkPa S, /kPa s
kel ¥ /m W% wi/% wel/% ¥ I W /% A ! wrem T
1-1 0.15~0.25 131.19 4224 8021  37.97 2.3 38.43 0.99 6.88 1.59 43
12 0.50~0.60 13518 30.80  70.96  40.16 2.6 39.47 1.02 10.18 1.29 7.9
1-3 1.00~1.10 136.56  35.62 7297  37.35 2.7 41.86 0.89 11.24 0.83 13.5
1-4 1.50~1.60 157.80 3423 7337  39.14 3.2 42.39 0.92 4.81 0.10 48.1
15 2.00~2.10 147.82 3592 7038  34.46 3.2 36.81 0.94 4.53 — —
2-1 0.15~0.25 135.18 31.78 8334  51.56 2.0 28.20 1.83 1.60 0.42 3.5
22 0.50~0.60 13656 3570  63.76  28.06 3.6 35.88 0.78 4.87 0.31 15.5
2-3 1.00~1.10 157.80  38.64 7135  32.71 3.6 38.36 0.85 437 0.23 19.0
2-4 1.50~1.60 165.00  38.64 7135  32.71 3.9 34.58 0.97 15.51 0.18 84.0
2-5  2.00~2.10 147.82 36.77  76.10  39.33 2.8 32.21 1.22 10.65 0.41 25.8
26 2.65~275 15176 3899  73.63  34.64 3.3 41.41 0.84 11.5 0.30 38.5
27 3.15~325 149.17 3566 6727  31.61 3.6 39.24 0.81 4.59 0.39 11.9
2-8  3.75~385 133.64 3622 7521  38.99 2.5 32.48 1.20 7.48 0.46 16.2
3-1 0.15~0.25 8470  17.75  32.63  14.88 4.5 24.08 0.62 — — —
32 0.50~0.60 49.65 2327 4873  25.46 1.0 31.34 0.81 — — —
3-3 1.00~1.10  59.61  23.41  35.41 12.00 3.0 32.19 0.37 12.80 0.31 41.3
34 1.75~1.85 91.57  33.83 5952  25.69 2.2 38.52 0.67 13.29 3.07 43
3-5  2.10~2.20 112.66  32.99  60.64  27.65 2.9 39.38 0.70 13.9 1.42 9.8
4-1 0.15~0.25 137.02 3845  78.83  40.38 24 36.80 1.10 2.17 0.35 6.3
42 0.50~0.60 14526 3725 7452 3727 2.9 33.49 1.11 12.15 0.86 14.1
4-3 1.00~1.10 172.18 4243 6748  25.05 5.2 40.84 0.61 5.10 0.09 54.3
4-4 1.50~1.60 147.51  38.05  73.05  35.00 3.1 33.04 1.06 6.87 0.20 34.0
4-5  2.00~2.10 138.73 3679  71.86  35.07 2.9 31.53 1.11 6.59 0.25 25.9
4-6  2.65~275 151,76 37.01 6829  31.28 3.7 44.29 0.71 3.83 0.26 14.7
47 3.15~325 149.17 3780  69.16  31.36 3.6 33.57 0.93 8.48 0.47 17.9
48  3.75~385 147.65 3826  71.54  33.28 3.3 29.91 1.11 3.89 0.35 25.7
5-1 0.15~0.25 165.04  46.13 8791  41.78 2.8 25.72 1.62 7.02 1.28 5.5
52 0.50~0.60 158.46  44.54 8176  37.22 3.1 25.32 1.47 17.74 0.99 18.0
5-3 1.00~1.10 16223  44.13  75.66  31.53 3.7 34.57 0.91 8.02 0.98 8.2
5-4 1.50~1.60 188.03  44.12  82.04  37.92 3.8 30.51 1.24 5.29 0.54 9.8
55  2.00~2.10 176.08 3591  88.07  52.16 2.7 32.57 1.60 7.60 0.81 9.4
56 2.65~2.75 17095  36.54 8494  48.40 2.8 33.97 1.42 6.69 0.63 10.6
57 3.15~325 16506 4221 7721  35.00 3.5 33.47 1.05 7.20 0.49 14.6
58  3.75~3.85 157.66 47.90 8251  34.61 3.2 30.20 1.15 10.49 1.22 8.6
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Fig. 3 Plasticity chart of samples at different stations
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Fig. 5 Undrained shear strengths of samples at different stations
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Fig. 6 Normalized cyclic degradation curves of samples at
different stations with same depth range
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Fig. 8 Biogenic silica in deep-sea soft clay in this study
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