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Over the past few decades, 

geosynthetic-reinforced soil (GRS) walls have 
become increasingly popular in earthquake-active 
areas due to their strong earthquake resistance. 
However, current design guidelines lack clear 
methods for designing GRS structures to withstand 
combined horizontal and vertical accelerations, 
which can be significant during near-field strong 
ground motions. In this study, centrifuge shaking 
table tests were conducted to investigate the 
seismic performance of a wrap-faced reinforced 
retaining wall under bidirectional excitations. 

The centrifuge shaking table tests were 
conducted using a centrifuge, which was equipped 
with a shaking table that allowed for independent 
control and input of both horizontal and vertical 
components of earthquake records. The retaining 
wall model was built in an aluminum container with 
dimensions of 0.42 m wide, 0.94 m long, and 0.65 
m high. The model was constructed in lifts, with 
each lift reinforced by a layer of geogrid that was 
wrapped around the facing for 5 cm. The geogrid's 
tensile strength was measured according to ASTM 
standards. 

The model underwent a total of 7 shaking 
stages. Each stage involved 30 cycles of 
bidirectional sinusoidal shaking at a frequency of 5 
Hz (in the prototype). In each stage, the peak 

horizontal ground acceleration incrementally 
increased, with values corresponding to 0.06g, 
0.1g, 0.25g, 0.48g, 0.51g, 0.51g, and 0.51g in the 
prototype. The bidirectional shaking included both 
horizontal and vertical components, with vertical to 
horizontal peak acceleration ratios ranging from 
0.40 to 0.65, and a phase difference of 0.72π 
radians. 

The model was instrumented with laser 
displacement transducers, two-component 
accelerometers, and soil pressure sensors at 
different locations. Horizontal displacement of the 
facing, crest settlement, acceleration response, 
and pressures at different levels were measured 
during the shaking. Strain gauges were used to 
measure reinforcement strain. Traffic surcharge 
loading was considered during the shaking.  

The results revealed that under bidirectional 
excitation, the wall model experienced significant 
deformation. In particular, the upward vertical 
seismic motion had a pronounced impact on the 
crest settlement. The results from this study 
provide valuable insights into the seismic behavior 
of wrap-faced reinforced retaining walls under 
bidirectional excitations, contributing to more 
accurate design approaches for these structures in 
earthquake-prone areas. 

 


