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The reinforced soil wall, which is composed of panels, steel strips (as reinforcements), and backfills, is one of the earthwork structures
with its wall slope close to vertical. The corresponding reinforcing mechanism is to maintain a balance between the pull-out resistance
land the tension of the strips laid in the backfill layers against the soil pressure acting on the facing wall. Among the existing reinforced
soil wall methods, it has been 50 years since the steel strip reinforced soil wall method was first introduced in Japan and about 40,000
walls have been built ever since. Experimental results have shown that the steel strip reinforced soil wall possesses high structural
stability and durability.

The investigations conducted after the 2011 Tohoku Earthquake and the 2016 Kumamoto Earthquake proved that 98.2% of the installed|
steel strip reinforced soil walls were still in effect, although serious damages were also found for some reinforced soil walls. By
analyzing the cases with comparatively high damages, it was shown that the pull-out of strips, wall deformation, collapse, and other
types of damage were caused by a combined effect of inappropriate backfill materials, functional failure of drainages, high overburden|
load, and soft ground. Although the pull-out behavior of the reinforcement is commonly checked for the design, certain displacements
imay occur for the reinforcement due to external forces in cases such as earthquakes, where the stress condition is different from what
was assumed at the time of the design. Furthermore, despite a sound understanding of the pull-out resistance characteristics of strips|
obtained from the static displacement controlled pull-out tests in previous studies, it remains unclear regarding the effect of the]
earthquake-induced constant tension on the strip and the characteristics of residual displacement under different pull-out forces,|
Moreover, there is no evaluation of the pull-out mode available in the existing studies. Therefore, this study aims to examine the effect]
of earthquakes on the pull-out resistance characteristics of the strip. The subsequent pull-out resistance and residual displacement]
characteristics when the displacement occurs are also assessed.

First, to investigate the characteristics of the pull-out resistance during the earthquake, we developed a test apparatus with a soil tank
to reproduce the stress state around the reinforcement in the strip-reinforced soil wall. A shaking table is included in the test apparatus
to mimic the effect of the earthquake while applying a fixed pull-out load to the strip. To obtain the pull-out load used during the]
shaking table tests, a pull-out test was conducted by load control in advance, and the initial pull-out load 7o was set at 75% and 85%
of the maximum pull-out load 7max, respectively. The Chiba mountainous sands and Mito-clay soils were used as the backfills,|
Sinusoidal waves with a frequency of 3 Hz were used to create the shaking condition, and the maximal acceleration was set to 1000
igal. The results from the shaking table tests showed that the pull-out resistance disappeared as the displacement increased during 10
of shaking under an overburden pressure of 0 kPa. However, the pull-out load changed insignificantly even after 180 s of shaking under
lan overburden pressure of 50 kPa, and the shaking-induced displacement was trivial. For the Mito-clay soils, strips were found pulled|
out even with the overburden pressure, suggesting that the pull-out can occur when the upper pressure was low. In the case of cohesive]
soils, however, the pull-out resistance may disappear during the earthquake. In addition, the pull-out behavior of the strip was not
affected by the initial pull-out load, although the pull-out displacement tended to increase when the acceleration was increased.

Second, to study the characteristics of the residual resistance of the strip when the wall displacement occurs due to reinforcement pull
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out, a pull-out test apparatus was developed to enable switching between displacement control and load for the soil tank used in the

shaking table test. As a first step, the characteristics of the pull-out resistance were obtained by displacement control, and the
relationship between the pull-out force and the pull-out displacement was categorized into three regions: the first region shows the
elastic part of the pull-out behavior; the second region represents the change of the tangential slope; and the third region is for the]
residual behavior. The residual pull-out characteristics, which were obtained in advance, were verified by the preceding pull-out]
displacement ALo of each region. The Toyoura sands and Ube sandy soils were used as the backfills. Therefore, in the displacement]
land load control tests, larger the preceding pull-out displacement ALo can lead to larger residual pull-out displacements AL, when the|
initial pull-out load remained constant. It was also observed that the residual pull-out displacement 4L decreased as the overburden|
pressure increased. In addition, it was confirmed that a greater pulling force was required to create a larger cumulative displacement
(which is the sum of the preceding pulling displacement ALo and the residual pulling displacement AL). Therefore, if the pull-out force
T acting on the strip is smaller than the required resistance after the displacement occurs, the residual displacement will be trivial
compared to the reinforcement length. Moreover, even if the displacement occurs in the pull-out mode, it is still expected to convergel
lafterward. Furthermore, the displacement ratio of the accumulated displacement normalized by the strip length can be used to evaluate
which region the reinforcement is progressing during the pull-out process.

Based on the above results, it is possible to estimate methods of evaluating the residual performance of reinforcement in a steel strip|

reinforced soil wall that has been deformed by earthquake or external forces, based on the displacement generated as a pull-out mode,
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