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Abstract: The conventional stability design method for the composite ground improved with rigid piles (CGIRP) to support
embankment assumes a simultaneous shear failure of the piles with the failure slip. Based on the previous studies, a finite
difference method is adopted to analyze the stability of CGIRP by considering different simulation methods for post-failure
behaviors and failure orders of piles. The analysis reveals that unreinforced rigid piles in the composite foundation firstly have
brittle bending failure in local regions. The stress relief due to failure of pile leads to a significant increase of bending moment
in the neighboring piles, causing the progressive bending failure of the neighboring piles. The progressive failure of piles finally
triggers the catastrophic collapse of the CGIRP-supported embankment. The stability of CGIRP-supported embankments will
be overestimated remarkably when assuming a simultaneous failure of the piles with the failure slip. The progressive failure
caused by local failure of piles should be considered in practical design. Base on the progressive failure control method, the

concept of key piles and the non-uniform strength design method are proposed. The stability of CGIRP can be improved

efficiently and remarkably by increasing the strength and ductility of the key piles.
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Fig. 1 Bending failure of composite foundation reinforced with

concrete piles
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Fig. 2 Cross section of numerical model
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Table 1 Material properties of soils and pile

o Cu t 4 }/
MBEMPa v /1£>a ) KN-m)
EHA 30 0.30 10 — 32 18.0
fiFi+ )2 30 030 30 — 32 18.0
ZEt  200c, 045 15 — 0 18.1
b+ 100 0.30 0 — 30 17.9

Miflk 25500 020 6700 1540 0 25.0
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Fig. 3 Relationship between bending moment and curvature with

different post-failure behaviors
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Table 2 Safety factors and ultimate loads of different models
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Fig. 5 Relationship between settlements and surcharges for

different models
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Fig. 6 Distribution of pile stresses (surcharge g= 50 kPa )
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Fig. 8 Distribution of pile stresses before and after second bending
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Table 3 Properties of pile material
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Fig. 11 Stresses on pile No. 1 of case 2 and case 3
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