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1. Introduction

Based on the performances of existing quay walls, it is well known that the seismic behaviors of retaining quay
walls are strongly dependent on the liquefaction occurrence in the souring soil. In practical situations, the orientation
of the soil strata probably causes the liquefiable layers to appear adjacent to the wall root.

This paper presents the effects of liquefiable layer located adjacent to the embedded section of sheet pile walls
investigated physically and numerically. The features of an existing quay wall of Rajaii port, south of Iran were
considered as a prototype structure. This reinforced concrete wall is a sheet pile one of totally 35m height. The wall
was anchored to concrete piles of about 13m height by cables. Recently exploration showed that along some
considerable length, the wall has been embedded in a loose silty sand layer, which is susceptible to liquefaction .

The main objective of this study was to identify the failure mechanism of similar walls and to investigate the
effects of frequency and amplitude of the applied base acceleration on the seismic performance. To this goal, the
failure mechanism was recognized based on physical small modeling on shaking table apparatus of Tehran
University then additional discussion was presented according to numerical modeling results.

2. Methodology
2.1. Experimental study

The geometry and configuration of the physical model was designed based on the similitude concepts for
shaking table test on soil-structure-fluid model in 1g field [1]. As shown in Fig. 1, the seabed was modeled in 60cm
of length, the wall and the backfill was formed in the section of 120cm. Because the ratio of backfill length to the
wall height is high enough (over 2), then the boundary has no significant effect on the wall structure response.
Deposits of sand were produced using Firoozkuh sand No. 161 by means of wet temping method. The model was
subjected to a harmonic sinusoidal base acceleration of 0.25g in amplitude and 3Hz in frequency.

2.2. Numerical modeling

Numerical study was carried out using DIANA [2] finite element software and Towhata-lai constitutive model.
This model is a generalized plasticity-multiple mechanism type. The main feature of this approach is that the
concept of the multiple mechanisms, within the framework of plasticity theory defined in strain space, is used as a
tool for decomposing the complex mechanism in to set of one dimensional mechanism. The undrained stress path is
idealized with the concept of liquefaction front, which is defined in the effective stress space as an envelope of stress
points gradually approaching failure line [3].
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3. Results and discussion
3.1. Experimental observation

Fig. 1(a) and (b) illustrate initial and final shapes of the SPM1 model, respectively. Obviously due to base
shaking, embedded in liquefiable sand, the bottom of the wall experienced higher displacement rather than its top.
This mode of failure was introduced as "failure at embedment”. In view of the extension of affected zones, that
involved entire elements of retaining system, retrieving the serviceability of structure after this type of failure may
be quite costly or even impossible. As marked on Fig. 1(b), the grid lines of colored sand indicated that the most
visible deformations were localized in loose soil around the embedded section. Beside the noticeable heave of the
seabed, its seaward displacement caused significant reduction in its supporting role for the embedded section and led
to the large tilt of the wall. Consequently, an active wedge, extended from the embedded section to the back of the
anchors, was formed. Moving along this wedge, the anchors endured significant overturning. It is noteworthy that
deformed section of the seabed, in front of the embedded section, was compressed horizontally and extended
vertically; whereas the affected section of loose layer, behind the embedded section, was extended horizontally and
compressed vertically. Owing to the low weight of the wall and negligible settlement, the soil beneath the embedded
section did not deform visibly. The settlement of dense backfill increased towards the wall while decreased in depth.

Final location of wall  Settled backfill Final Jocation of anchors

Initial location of quay wall Initial location of anchors

Initial location of loose layer Tilt of the wall

(b)
Fig. 1. (a) Initial and (b) final shapes of SPM1

3.2. Analytical results

The mentioned finite element model was also exhibited considerable amounts of deformations. However the
magnitudes of displacements are strongly dependent on the characteristics of base acceleration, such as frequency
and amplitude. Regardless of the scales of displacements, the final shape of the retaining structure was similar to
Fig. 2.

Wall displace. Surface Settlement.

Seabed heave\ i
FIEE

i,

(a) (b)
Fig. 2. Initial and final shape of the numerical model, (a) External boundaries, (b) Deformed mesh.

As presented in Fig. 3(a), the rates of displacements of the wall bottom were higher than those of the wall top,
during studied motions. This trend caused the bottom of the wall exceeded the top after some seconds and
occurrence of "failure at embedment”" mode. Beside this fact that the mode changing happened rapidly in low
frequencies, the amount of displacements increased with decreasing in frequency. Comparing the scale of
displacements in Fig. 3(a) and (b), the growth of displacements due to higher amplitude of base acceleration was
obvious.
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Fig. 3. Displacement time histories of the top and bottom of the wall, (2) a nax = 0.25¢, (b) a max = 0.59

Fig. 4 demonstrates the variation of bending moment along the wall during base acceleration of a,=0.25g,
f=1Hz. It is obvious that the embedment zone provided significant resistant moment at the beginning of the motion,
t=0.01sec. However this moment did not last even by t=3s. In addition, at t=5s. considerable overturning moment
was applied to the wall root and wall center by the earth pressure.
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Fig. 4. Bending moment along the wall, an,=0.25g, f=1Hz.

4. Conclusions

Based on the model observations and numerical results, the extension of liquefiable layer around the embedded
section of the sheet pile caused failure at embedment, in which the bottom of the wall endures higher displacement
that the top. Besides the softening of loose layer in front of the wall root due to liquefaction, overturning moment
applied to the wall bottom were identified as the main reasons of embedment failure. The amounts of displacements
were strongly dependent on the frequency and amplitude of the base acceleration.
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