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ABSTRACT

A new kind of seismic isolation is investigated: a combination of a geotextile and a high
molecular weight polyethylene is inserted in the ground below the structure, to create an
“isolated” soil wedge. The geosynthetic interface between the isolated and underlying soil,
characterized by low and stable coefficient of friction, limits the levels of acceleration
transmitted into the isolated region, even though at the expense of some relative
(differential) displacements. The article investigates with finite elements the influence of the
shape of this interface on the isolation effectiveness.

1. INTRODUCTION

A new concept in seismic isolation of structures has been proposed by Yegian and
coworkers [2004(a,b)], who installed a low—friction interface (synthetic liner) within the
foundation soil underneath the structure, instead of using seismic isolation bearings. Our
goal is to develop a new inexpensive seismic isolation technology. The synthetic liner
consists of a nonwoven geotextile over a suitable polyethylene. Experiments carried out by
Yegian et al (2004,a) have defined the dynamic friction properties of such an interface and
studied their dependence on normal stress, slippage velocity, and number of cycles. In cyclic
tests the interface exhibited a static friction coefficient of 0.10 and a dynamic one of 0.07.
These values proved insensitive to large variations in slippage velocity, normal stress, and
number of cycles. These attributes reveal a reliable material, easy in dynamic modeling and
stable under a variety of situations. More details can be found in the original papers by
Yegian and coworkers.

The geometry of the low—friction interface is a key factor controlling the magnitude of
the transmitted accelerations and resulting slip displacements of the “isolated” soil mass
relative to the free—field. The expected significant reduction in surface acceleration is
followed by slip displacements at the interface, which could perhaps result in large
deformation of the isolated foundation soil and potential problems during a major
earthquake.

The scope of this article is to investigate a variety of geometries of the interface. Optimal
geometries of the liner are recommended, on the basis of the magnitude of the transmitted



acceleration on the overlying isolated soil mass and the ensuing slip displacements at the
interface. The extent of soil deformation is also of interest in this paper,

2. SYSTEMS OF IN-GROUND ISOLATION

The geometry of the isolation liner plays a key role in the extent of the beneficial effect of
the in-ground isolation. A group of five possible liner geometries are proposed and analysed
in this thesis. Only 2-D plane-strain analyses are conducted, as if the interface were of
infinite off-plane extent. These five in-ground isolation systems are named after the
characteristic shape of the soil wedge above the liner and arc presented below:

* Cylindrical. A simple circular geometry of the liner is analysed [Fig.1{a)] to develop a
first understanding and a simple presentation of the system dynamics. The isolated soil
wedge is a circular sector 60 m wide and 5 m deep at its middle. As this geometry might
be rather difficult and expensive to achieve at the site, alternative geometries easier to
construct are proposed.

* Tub. Here, the liner consists of a 50 m long horizontal line, 5 m deep, and two circular
arcs of 5 m radius at the two edges [Fig.1(b)]. This geometry has been proposed and
already successfully tested experimentally by Yegian ct al (2004,b).

Trapezoidal — Side angle either 30° or 60°. The horizontal part of the liner is also 50 m
long and 5 m deep, but the liner emerges at an angle of 307 {or 607) to the horizontal
[Fig.1(c}]. The plane surfaces are easy to construct and require less space beyond the
main isolated wedge,

Compound Trapezoidal with reinforced core — Side angle 60°. The liner geometry is
also trapezoidal, with a side angle of 60°, but now we compact or reinforce a soil core in
the middle (a truncated pyramid), where the structure will be founded [Fig.1(d}]. The
space between the core and the non-isolated free—field soil (two inverted truncated
pvramids) is backfilled with lower stiffness soil. The interface between the “reinforced™
and the “loose™ isolated soil is also draped with the same low friction synthetic liner,
The advantages of this geometry are explored in the paper,

3. MODELING THE ISOLATED SYSTEM

Analyses are first conducted to calibrate our model against the experimental data of

Yegian et al (2004,b), in terms of interface properties and observed dynamic response of

the isolated soil. The experimental set-up is modeled with the finite-clement code

ABAQUS, and dynamic analyses at different frequencies are carried out, Parametric

analysis of a full-scale system is performed under strong idealized near—fault type scismic

excitation. The dimensions of the model are 360 m in width and 100 m in depth. To detect

the most heavily strained areas, the soil follows an elastic—plastic Mohr—Coulomb law.

The factors and parameters controlling the response are:

» the geometry of the isolation liner

e the type of soil profile. Two different 100 m deep inhomogencous soil profiles are
considered: a soft deposit [Fig. 2(a)] and a moderately stiff deposit [Fig. 2(b)]

» the soil properties of the isolated layer. The effects of Young's modulus E, friction angle
@, and cohesion ¢ of the isolated soil are studied parametrically







