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3D numerical analysis of time effect of superstructure-piled raft-foundation
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(1. State key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China; 2. Institute of

Geotechnical Engineering, School of Civil and Hydraulic Engineering, Dalian University of Technology. Dalian 116024, China )
Abstract: In coastal areas, piled raft foundations are widely employed for high-rise or multi-rise structures. Under such
conditions, the effect of consolidation of soft soil ground on the interaction between piled rafts and foundation as well as
superstructures can not be overlooked. Furthermore, both conventional methods of structural design and numerical procedures
of two-dimensional interaction analysis can not realistically simulate the mechanism of interaction system without considering
effect of superstructure stiffness. In order to well understand long-term behaviour of the interaction system, nonlinear
deformation and strength behaviour of foundation soils were taken into account by using the elasto-plastic constitutive model
based on Mohr-Coulomb’s yield criterion while the consolidation effect of subsoil under loading was incorporated by
numerically solving Biot's equations of consolidation in FEM formulations. Based on a case study for a given typical
interaction system and comparative analysis for different cases, the features of variation of internal forces, settlement and
compatibility mechanism of interaction system with time were examined. It was shown that both the consolidation
characteristics of foundation and the superstructure stiffness remarkably affected time-dependent performance of the interaction
system. Such dependency was intimately related to variation of excess pore water pressure of subsoil. It was indicated that both
the effect of consolidation of subsoil and the superstructure stiffness on interaction behavior should be take into account in
coupling analysis of superstructure-piled raft-foundation in order to well estimate the internal forces and deformations.
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Fig. 1 The computational model used in FEM
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Tablel The soil parameters used in FEM analysis

R miEAy WELE O WE EEH
Z m k(10°md")y  E/MPa cfkPa @' 1)
1 3 10 75 10 21
2 7 9.6 6.5 13.5 19
310 7.5 5 18 18

b A R R S PE B R Er =2x10° MPa FIl E,
=2x10* MPa, JFFALL v =0.15 Al v, = 0.15, LR
128 0.3 mx0.5 m, A HE#EE T4 0.4 mx0.4 m,
FEHUSIZ 0.2 my J2 3.3m, BEK 10m; FERR A3
BERERNTRA LE 2 904 E = 2x10° MPa, v.=0.15, %k
JEREN 0.4 my  bIB& R BE B Ty pe=25
KN/m®. 303 - R AR p=16 KN/m’

5 n=05, WA v=035; HALZHILE 1,

3 IHELERSNA
3.1 HETHL S5 FLBEIKIE F B AT 8 Z5 1L 4F4E

P 2 g 4 NN [ 8RR AT Tt I 1) 1 B 8 A i 2
VIR BE I T Y8 FLBRK He 7 BN TR) (22 4k . ey el ] AL
50, 1A IV AN PRI A 5, TERIU B RN,
E) P 8 AR HE LR T - X LB K s i A 19
T Pof it 3 Jey 38 X L K (1 L % Bl Mandel-Cryer %%
RUEBL A =100 d 24, B EARIELE T LT
FUBRAK s g B ) g i/, HLW Sk 35056 T8 A AE
25 1. LA IV EAPSS ALK i o e . i
by ENBUGHIN, TR AR, i
A RE N I A 4H, I T BB e X 8 R
FHBAE, SR FEACA L R R AL A TS 1 BN
PO p 0 A 301 5 ) Py L N 1

25 104
=
201 i
=2 I i |E
2 ; TR RERFIEE
g5 HIE BRI -
3 . 8 : ! :cd
ﬁ T, AR \]‘;]' == @
¥ 10 N T T ’
5 —— AN K
= s5f —h— [ A TR .
—e— WS TSR
=2 IV RIEEL
0 I L 1 e
1 10 100 1000 10000
X Honl/d

E 2 TEMNEHEERHFIELBILIEKE D ERER B AL

Fig. 2 Variation of average excess pore water pressure along

vertical typical lines with time
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Fig.3 Variation of the distribution of vertical strain rate of

foundation soils beneath piled raft with time
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Fig.4 Variation of differential settlements along the length of raft
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Fig. 5 Distribution of bending moments of raft when =1 d
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Fig. 6 Variation of bending moments at the center of raft with time
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Fig.7 Distribution of total skin friction of piles when r=1d
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Fig. 8 Variation of total skin friction of piles with time
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Fig. 9 Distribution of axial forces of columns when =1 d
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Table 2 Statistics of bending moments at the center of raft in

different cases of superstructure stiffness
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