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Numerical Analysis of Piled-Raft Foundations Considering
the Effects of Sand Cushion
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ABSTRACT: The piled-raft foundation, a new design concept, is one of the most effective kinds of foundation for reducing setilement of
structures. An alternative piled-raft system with disconnection cap and a sand cushion between the pile and raft was also investigated to
compare the influence of ultimate bearing capacity and settlement. Load-settlement relation curves were used to evaluate the ultimate bearing
capacity. In the numerical analyses, a plane strain elasto-plastic finite element model (Mohr-Coulomb model) was used to present the response of

the piled-raft foundation.
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ATE FUANE go] FAFor FAAE Akl Sand
cushionZ& TS TEAR HA7|Z2 HAA HIFHsHE
(Total displacement ratio), *-5-3 3 (Differential displacement
ratio) T12]32 X)X 2 (Bearing capacity)©l] ©|X]& Sand cushionZ
= AHEoz & o AfHolz, AAHQ 712¥HE Tt
3= Slch

=2

22 =
2.1, LUERR|X| HB7|Z(Piled raft foundation)

2EXA] AR 2E F2 99T JESY 2 AvEA
oA A7) Z(Raft foundation) VO 2T FEE AAHE u
& Sz AT Hspt dystd FREC AREA EAIVE
BE ol tEEE 71234 o]t (Parakosa and Kulhawy,
2001; 759 5, 2002).

(a) Raft foundation
Fig. 1 Raft-foundation and piled-raft foundation

(b) Piled-raft foundation
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Table 1 The Parameters of numerical model in the analysis
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kN/m? KN/m? KN/m® kN/m®
Upper sand 1 12000 0.3 17 2068 Fig, 3 Piled-raft foundation without sand cushion
Upper sand 2 120000 0.3 17 20.68
Clay 5000 0.2 11.1 1692
Lower Sand 17000 03 17 20.68
Raft 25000000 0.2 23 230 X
Pile 200000000 0.25
Layer k. k, c, @,
m/day m/day kKNm °
Upper sand 1 0.00864 0.000864 20 347
Upper sand 2 0.00864 0.000864 20 347
Clay 0.0000864  0.00000864  30.1 0
Lower Sand 0.00864 0.000864 20 347 Fig. 4 Piled-raft foundation with sand cushion
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Fig. 2 Ground condition and soil properties
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Wref = 5 (1)
WC—E = Wc - WE (2)
W._ o p: .
R= ref(Piled Raft Foundation) (2)
I/I/T'ef(kaft Only)
AR = WC—E(PiledRaftFoundation) (4)

Wc— E(Raft Only)
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Fig. 5 Definition for the piled-raft
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Fig. 6 Definition for the raft
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Fig. 7 The relation of the bearing capacity of pile and the
wide of raft (B)

Table 2 The maximum bearing capacity according to wide

of raft (B)
The width of raft (B,)
2m 3m 4m 5m 10m 21m 30m 42m
Beannkilrcnagaa v 668 890 806 674 393 280 242 225
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L
Load Rigid block, length L
Increasing number of piles
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P, V
Minimum Maximum Settlement
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Fig. 9 The graph of Poulos and Davis (1980)
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Fig. 10 The differential displacement ratio (dR) and the
number of pile (N)
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Fig. 12 Total displacement ratio (R) and the distribution of pile
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Fig. 13 The relation of the differential displacement of pile and sand cushion depth
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Fig. 14 The relation of total displacement of pile and sand cushion depth
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Fig. 15 The relation of the differential displacement of pile and sand cushion depth
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