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Stability and reliability analysis of gravity-type dry dock slope
based on response surface method
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Abstract: The large variability of soil parameter causes that the overall stability of dock slope often has large
uncertainty. The reliability analysis of a dock slope is carried out considering the variability of the soil cohesive force
and internal friction angle in order to analyze the overall stability of the dock slope more accurately and reduce the
uncertainty in the stability analysis. The slope stability numerical simulation software Slide is used to obtain the
deterministic safety factor on the basis of the rigid body limit equilibrium analysis. Then according to the measured
soil parameter distribution of the dock slope, the response surface method and the first-order second moment method
are used to calculate the reliability of the dock slope. The results show that the safety factor based on the deterministic
analysis of the standard value of soil parameters is one-sided to the reliability evaluation of the dock slope, and the
stability of slope based on the reliability analysis is closer to the actual situation. In the actual engineering design and
construction, the safety factor and reliability of the slope should be considered comprehensively.
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Fig.1 Typical cross-section of dry dock slope (unit: m)
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Tab.1 Soil layer parameters
+2 2R/ WAOERE  FRI N
Y5 m (kN-m™) kPa (°)
@, 0.8~5.7 18.0 5.0 28.0
@, 0.5~3.0 19.9 26.2 17.4
@, 1.0~31.7 17.0 11.3 10. 1
@, 0.8~5.5 18.0 19.7 16.8
®, 1.4~14.8 19.0 29.2 17.7
®, 0.5~26.0 18.0 27.2 17.1
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Tab. 2 Distribution of cohesion and internal friction
angle parameters of each soil layer

+2 FiR 1 IkPa NEEHE ST (°)

BT bRMEE BRAK WM FEE  BRAK
@®, s.0 - - 28.0 - -

®, 26.2 1.9 0.07 17.4 1.3 0.08
@, 11.3 2.4 0.20 10.1 4.4 0. 40
@; 197 5.2 0.27 16.8 2.1 0.13
®, 29.2 5.1 0.17 17.7 1.7 0. 09
®, 2.2 0.4 0.01 7.1 1.3 0.07
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Fig.2 Safety factor of dry dock slope

based on deterministic analysis
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Fig.3 Slice-method graph for limit state function
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Fig. 4 Reliability analysis results based on response surface

method and first-order second moment method
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Fig. 5 Reliability indicators

in different soil parameter spaces
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Tab.3 Reliability index for ultimate limit state of

structural member bearing capacity
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Fig. 6 Reliability index for different parameter spaces of

internal friction angle and cohesion
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