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1. Introduction

An important issue that is the reason of damages and collapses during earthquake is liquefaction of loose and
saturated sands. After the reduction of soil strength, piles will behave like unsupported columns. So it seems that
behavior of these piles and their analysis method isn't clear and suitable. For a better view a pile group is modeled
using FLAC3D software that is connected to each other with a cap. Soil profile has three layers that middle layer is
liquefiable while other two layers are not. In this research settlement of pile group in different values for liquefied
layer thickness and pile length has investigated. Before the analysis of model, sensitivity analyses are carried out to
achieve accurate results in less computing time.

2. Methodology
2.1. Finn model

Finn et al. [1] proposed a simple model for predicting stress-strain behavior of saturated sand in undrain
condition. The important factor that must be considered when computing the response of saturated sand layers to a
given earthquake are: (1) The initial shear modulus in situ; (2) the variation of shear modulus with shear strain; (3)
contemporaneous generation and dissipation of pore-water pressures; (4) changes in effective mean normal stress;
(5) damping; and (6) hardening. All of these factors are taken into account in the constitutive relations formulated by
Finn et al [1].

2.2. Modelling

Pile group consisting of four piles with 0.8 meter diameter is modeled that connected to each other with a cap.
We use Nevada sand properties [2] in middle layer that has liquefaction potential and apply Kobe earthquake
accelerogram to the bottom boundary. Bottom boundary is rigid and lateral boundaries of model are free-field
boundaries that prevent wave radiation in the model. Dimension of model is 20x20x20 m. Mesh size is selected
with consideration of wave transition in the model (Fig. 1). Another important factor in dynamic analysis is damping
of soil and structure [3] that in this research local damping is used.

* Corresponding Author
E-mail addresses: aminfar@tabrizu.ac.ir (Mohammad Hossein Aminfar), jalali.amin66@gmail.com (Amin Jalali).



Mohammad Hossein Aminfar and Amin Jalali / J. Civ. Env. Eng. 46 (2016)

Fig. 1. A section of model

3. Results and discussion

As mentioned in last section, for consideration the effects of generation and dissipation of excess pore water
pressure in performance of pile groups, we use Finn model in liquefied layer. So for verifying results, volumetric
strain of liquefied layer are calculated and compared with results of Seed and Tokimatsu method that this
comparison shows acceptable accordance. Before analysis of model, importance of liquefaction and assignment of a
suitable constitutive model on behavior of pile group investigated and results are shown in Fig. 2. In first case of
analysis, the constitutive model of middle layer was Mohr-Coulomb and in the second case was Finn model. With
comparing results of these two series we can clearly see the importance of allocating suitable constitutive model for
liquefied layer, especially when thickness of liquefied layer increases.

=R NN
Lan T N T |
o}
A
\
\
\
o]

ettlement of pile group (cm)
o
.\
|

thickness of middle layer (m)

“—0— constitutive model of middle layer: Mohi-
Coulomb model

- -0 - constitutive model of middle layer: Finn

mandel

Fig. 2. Comparison of pile group settlement in two different constitutive models for liquefied layer

In this research, analysis performed for different values of pile length and liquefied layer thickness. Results have
been shown in Fig. 3. According to Fig. 3, with increment of liquefied layer (middle layer) thickness, pile group
settlement increases; because in this condition lateral surface between piles and liquefied layer increases; also end-
bearing capacity of piles decreases. Also with increment of piles length settlement decreases; because when end of
the piles are close to stiffer bottom layer, end-bearing capacity of pile group increases. So in similar positions for
reduction of settlement, it’s better that end of piles penetrate in stiff layer.
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Fig. 3. Pile group’s settlement

4. Conclusions

Occurrence of liquefaction in soil causes settlement in piles; especially when thickness of liquefying layer
increases. Another parameter that must be considered in design of piles and group piles is their length; Piles that
have no enough end-bearing capacity will have significant amount of settlement. So group piles that have been
located in liquefied layers must penetrate in bottom stiff layers well. Also allocation of a constitutive model in
liquefiable soils that consider generation and dissipation of excess pore water pressure is necessary.
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