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Experimental study on clay-steel interface shear characteristics
considering low stress and rate effect
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Abstract: The frictional characteristics of the interface between the pipe and soil have a significant impact on the in-situ
stability of submarine pipelines. Soft clay is widely distributed in coastal areas of our country. In order to investigate the
interface shear characteristics between pipes and clay under low-stress conditions, a self-developed interface shear
apparatus was designed to consider low stress and rate effects. A series of clay-steel interface shear tests were conducted,
with a particular focus on analyzing the influence of normal stress and shear rate on the shear characteristics of the clay-
steel interface. The test results indicate that both the peak shear stress and residual shear stress of the interface increase with
an increase in normal stress. However, as the shear rate increases, both the peak and residual shear stress of the interface
decrease. When the shear rate is at its maximum, the peak friction angle and residual friction angle of the interface are
lower than the internal friction angle of the tested soil. Thus, shear failure occurs at the interface rather than within the soil
body. This study reveals the influence of normal stress and shear rate on the strength of the clay-steel interface under low-
stress conditions, providing necessary insights for the design of submarine pipelines.
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Fig. 3  Shear stress under different normal stresses
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Table 2 Interface shear stresses under different normal stresses

£ B /7 /kPa Tpeak/kPa Tres/kPa
5 1.29 0.92
10 2.51 1.68
15 3.98 2.68
20 5.42 3.66
25 6.65 4.70
30 7.73 5.41
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Fig.4 Interface peak and residual friction angles
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Fig. 5 Influence of shear rate on NC clay
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Fig. 6 Interface shear stresses under different shear rates
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Table 4 Friction angles under different shear rates

BIY)H 2 /(mm/s) Ppeak/(°) Pres/(©)
0.000 3 2278 15.47
0.001 21.30 14.41
0.01 14.57 10.51
0.1 11.18 8.55
0.3 10.43 7.81

Table 3 Interface shear stresses under different shear rates
BY)IE K /(mm/s) Tpeak/kPa Tres/kPa
0.000 3 6.17 3.99
0.001 6.11 3.92
0.01 3.98 2.68
0.1 3.14 2.05
0.3 2.67 2.18
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Fig. 7 Interface peak friction angles under different
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Fig. 9 Interface friction coefficients under different
shear rates
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