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Abstract

This paper describes full scale shaking table facility in National Research Institute for Earth Science and
Disaster Prevention (NIED), Japan where the world’s largest shaking table, 20m x 15m, is located. In this
facility, which is caled E-Defense, two geotechnical experiments were conducted in 2006. This paper
illustrates specifically the E-Defense facility by giving an example of a full-scale test on sheet-pile quay wall
and pile group which were subjected to liquefaction-induced large ground deformation. Both quay wall and
pile foundation displaced larger than 1 meter, and pile group was damaged intensively. Over 800 channel data
of various parameters were recorded and some of the results are presented in this paper.
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Introduction

In earthquake geotechnical engineering research, model testing is a popular approach to study the behavior of
earth structures under both static and dynamic loadings. More specifically, shaking table model test is one of the
most popular tools whose cost is also reasonable. In addition, model preparation is easy. However, there is a
question on the level of confining stress. To overcome this disadvantage, centrifugal model test was introduced
and became popular in which same stress level as prototype is reproduced. But, it is very expensive and till
there are some discussions on grain size and aging effects. Full scale testing is a solution to some of the
aforementioned problems. In this regard, National Research Ingtitute for Earth Science and Disaster Prevention
(NIED) established the Hyogo Earthquake Engineering Research Center in Miki City, Hyogo Prefecture, Japan
where in this cutting edge center, the world's largest shaking table (20m x 15m) is located. Two experiments
were carried out in geotechnical engineering discipline in 2006, and this paper describes the results of the full
scale test on a pile group subjected to lateral spreading of liquefied sand behind a sheet-pile quay wall. In this
experiment, a 2x3 pile group was distressed by the liquefaction-induced large ground deformation; as a result,
the pile foundation was damaged extensively.

Shaking Table Facility in E-Defense

A schematic view of shaking table facility is shown in Fig. 1. This cutting edge center consists of a 3-D full-
scale shaking table and other earthquake related research facility which is called "E-Defense”, and operation was
started in 2005. This shaking table is supposed to be the world's largest shaking table. Detailed information on
construction process can be found in Ogawa et a., (1999), Ohtani et al., (2003), and Sato and Inoue (2003).

A specia research project for earthquake disaster mitigation in urban areas was initiated in E-Defense from
September 2002 to March 2007. The project was sponsored by the Ministry of Education, Culture, Sports,
Science, and Technology (MEXT) and conducted by the National Research Institute for Earth Science and
Disaster Prevention (NIED). This mega project includes 6 main research topics in which Test and Analysis of
Soil-Pile-Structure Systems is the experiment in geotechnical discipline. According to the research plan, two
types of geotechnical tests were performed in 2006 (Fig. 2). First type of tests consisted of a 2x3 pile group
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behind a quay wall. In this experiment, extensive liquefaction occurred in the ground, and then the quay wall
triggered the liquefaction-induced large ground deformation (Fig. 2a). In the second type of tests, a 3x3 pile
group was installed inside a huge shear box and was subjected to several ground motions in both dry and
saturated soil conditions (Fig. 2b).
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Figure 1- Units of E-Defense complex (E-Defense website)

Figure 2—(a) Test on lateral spreading of liquefied sand behind a quay wall, (b) Test on soil-pile-structureinteraction

There was a tremendous need for a testing material which is uniform in large scale and cheap. Therefore, it was
decided to import Albany Silica sand from Australia to be used in the geotechnical tests. Table 1 provides basic
geotechnical properties of Albany Silica Sand.

Shaking Table Full Scale Test on Lateral Spreading of Liquefied Soil Behind Quay Wall

A full scale test on lateral spreading of liquefied sand behind a quay wall was performed in March 2006. Fig. 3
shows a schematic plan and cross section views of the model which consisted of a 2x3 pile group located behind
a sheet-pile quay wall. The model was constructed in a huge rigid box with the dimensions of 16m x 5m x 4m.
The Model ground was a liquefiable soil with the relative density of 60%.

An extensive range of instruments were employed to record numerous parameters during the shaking such as
strain gauges, accelerometers, laser and wire-type displacement transducers, earth pressure sensors, pore water
pressure sensors, and inclinometers. In total, 883 channel data were recorded for fully understanding the
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behavior of the model. In the pile group, six hollow sted piles (diameter=15 cm) were connected to the base
with pin connection, while fixed at the top to the footing. Moreover, a sheet pile was used as quay wall to trigger
the liquefaction-induced lateral spreading. Detailed information on the construction process can be found in
Motamed (2007) and MEXT and NIED (2006).

Table 1- Basic geotechnical properties of Albany Silica sand (MEXT and NIED, 2006)

Specific gravity (g/lcm3) 2.63
Maximum void ratio, (Emax) 0.783
Minimum void ratio, (enin) 0.513

Mean grain size, Dgy 0.2
Coefficient of uniformity, U, 1.64

Full Scale Test Results

The full scale model was shaken under two-dimensional: horizontal and vertical components, input motion. The
acceleration time histories were a scaled-down (80%) version of the records obtained at JR Takatori station
during the 1995 Kobe earthquake. As shown in Fig. 4, amplitude of horizontal component (0.6g) was greater
than the vertical acceleration (0.23g). In the following sections, some of results are presented.

Figure 3—. Cross section and plan view of 2x3 pile group and sheet pile quay wall full scaletest in E-Defense

Lateral Soil Displacement

During shaking, extensive liquefaction occurred in the model; as a result, liquefaction-induced large ground
deformation took place. Fig. 5 illustrates the deformed shape of the model after shaking, and arrows with
numbers show the residual ground and pile displacements measured after the test. As can be seen, the sheet-pile
quay wall moved about 1.1 m toward the sea, pile group displaced horizontally between 1.1 m to 1.4 m at the
pile heads, and footing with superstructure tilted 20-degrees toward the land. Observed surface ground
displacement manifests that soil lateral deformation decreased as distance from the quay wall increased.



