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Effects of shear rate on strength properties and pile-soil interface of marine soft clay
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Abstract: The CU triaxial tests and ring shear tests on interface between steel pipe pile and soil of a kind of intact marine soft
clay with medium structure are carried out under influence of shear strain rate, and the variations of strength properties and
pile-soil interface properties of the tested soil with shear strain rate are analyzed. Moreover, simulation tests on the
reconsolidated soft clay around the pile after shearing are also conducted to analyze the strength behaviors of pile-soil interface.
The results show that the shear strength and internal friction angle of the tested soil increase with the increasing shear strain rate
monotonously, while the variation characteristics of the cohesion are opposite. Under the undrained condition, it is also found
that the peak shear strength and internal friction angle of the pile-soil interface increase with the increasing shear strain rate, and
the strain softening phenomenon becomes more obvious, however, the corresponding variations of residual shear strength and
internal friction angle are very small. Although the peak shear strength of reconsolidated soil around the pile after large shear
deformation tends to decrease, the residual shear strength increases, which shows the strength recovery characteristics of

pile-soil interface.
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Table 1 Physical and mechanical indices of Tianjin soft clay
wi% ¥ /(kKN-cm™) G e wi/%  wy/% I, I K/(10%cm's™) a,/(MPa?) o/kPa
39.0 17.7 2.75 1.10 41.8 23.4 18.4 0.85 3.0 0.45 110.0
mm
30 mm
30 mm
24 h 0.05 mm/min
30 mm 2
2
Table 2 Ring shear tests on interface between pile and
CU - reconsolidated soft clay after large shear deformation
o/kPa /(mm‘min’") /mm
90 180 270 0.05 30
3
Table 3 Strength indices of soft clay under different shear rates
1.1
/(kPa-min™") c/kPa () c/kPa  @/(=)
0.05 235 9.6 9.8 22.4
13.5 165 m ! 0.5 222 1.9 7.4 263
4.2 5.0 19.5 14.4 3.6 30.8
(4]
1.2 2
GDS 2.1
0.05 0.50 5.0 kPa/min CuU CuU —
®50 mm><38 mm — 1 2 3
50 100 0.05 5.0 kPa/min
150 kPa 0.05 0.5 5.0kPa/min
DTA-138
0.05 0.50 5.0 mm/min 10 5%  20%
90 180 270kPa (2, 4] 1
150 mm><100 mm><10
120 160 200
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% % % 150
2 ol 3, 3
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— [l H150 kPa — [EFE150 kPa - FEFE150 kPa
0 4 8 12 16 0 4 8 12 6 0 4 8 12 16
B AR £/% B REAE £/% B £1%
(a) BYEIHEH0.05 kPa/min (b) BIYI#R0.5 kPa/min () BYLIHEH5.0 kPa/min
1 —

Fig. 1 Stress-strain relation curves of structured soft clay under different shear rates
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Fig. 2 Pore water pressure-strain relation curves of structured soft clay under different shear rates
160 = Y1657 /184 kPa 1601 = W[ F184 kPa 160 4 =~ Y113 /784 kPa
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Fig. 3 Shear stress-deformation relation curves of pile-soil interface under different shear rates
4
Table 4 Strength indices of pile-soil interface under different shear rates
/(mm-min”) ¢,/kPa 2/(=) R c//kPa P/() R
0.05 9.1 23.0 0.9958 12.8 18.9 0.9912
0.5 7.1 20.7 0.9995 5.5 19.3 0.9986
5.0 8.8 27.8 0.9569 7.8 19.6 0.9894
5
Table 5 Variation of strength indices of interface between pile and reconsolidated soft clay after large shear deformation
c,/kPa /(=) R? c/kPa 2/(2) R’
9.1 23.0 0.9958 12.8 18.9 0.9912
11.3 21.8 0.9929 8.9 21.4 0.9881
21% 52%
2% 8%
(4] B3]
2.2
3 4 3
4 0.05 5.0 mm/min
0.05 mm/min
0.5 mm/min
0.05 2.3
mm/min 0.5 mm/min
56 0.05 mm/min 4

0.5 5 mm/min 5 3 a 5
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Fig. 4 Shear strength-normal stress relations of pile-soil interface

under different shear rates
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Fig. 5 Shear stress-deformation relations of interface between pile

and reconsolidated soft clay after large shear deformation
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Fig. 6 Shear strength-normal stress relations of interface between

pile and reconsolidated soft clay after large shear deformation
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