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ABSTRACT: A dynamic centrifugal model test was performed to assess the seismic stability of founda­
tion rocks and thereby demonstrate the viability of evaluating seismic stability using ground displacement. 
The test results demonstrated that the slip safety factor in the vibration step, where considerable residual 
displacement was observed during the model test, was less than one. In addition, conventional evaluation 
methods were found to be conservative. Furthermore, the progression of ductile failure was observed in 
the foundation-rock model although the slip safety factor was less than one. Based on the study results, 
procedures were proposed for evaluating seismic stability using ground displacement. 

1 INTRODUCTION 

The occurrence of fatal, large-magnitude earth­
quakes in the recent past has led to increased 
attention being focused on the consideration of 
earthquake ground motion during the design 
phase of modern structures. Accordingly, the 
quantitative assessment of the seismic resistance 
of critical facilities to the earthquake-induced 
failure of the foundation rock has become 
important. 

In Japan, the seismic stability of foundation 
rocks has conventionally been evaluated in terms 
of their bearing capacity, inclination, and sliding 
(JEAG4601-1987, 1987). In terms of the sliding 
motion during an earthquake, a slip safety factor 
based on an equivalent linear analysis is conven­
tionally used to evaluate the stability of foundation 
rocks. However, a slip-safety-factor value of less than 
one does not necessarily indicate immediate ground 
instability. Therefore, the evaluation of seismic sta­
bility based on ground displacement is considered 
to be a more effective approach (Kawai et al., 2017). 

The present paper describes a dynamic centrifu­
gal model test to evaluate the seismic stability of 
foundation rocks. Further, the applicability of con­
ventional slip-safety-factor evaluation methods is 
verified. Finally, based on the experimental results, 
procedures are proposed for evaluating the seismic 
stability based on ground displacement. 
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2 EXPERIMENTAL CONDITIONS 

In the centrifugal model test, the actual stress state 
could be reproduced by loading a 1 :N downs­
caled model with a gravity force (centrifugal force) 
multiplied by N. A foundation-rock model with 
a reduction ratio of 1:50 was constructed using 
artificial-rock materials and weak layers. Vibration 
tests were performed in a centrifugal force field 
under a centrifugal acceleration of 50 g. 

2.1 Foundation-rock model 

The foundation-rock model and instrument 
arrangement are shown in Figure 1. The model 
was 200 mm (10 m upon real-scale conversion) 
in height and 300 mm in depth. On the bound­
ary surfaces, cutouts measuring 100 x 100 mm 
were provided to avoid interference with the rigid 
box. The building model dimensions were 60 
(width) x40 (height) mm (3 x2 m upon real-scale 
conversion), and the density of the building mate­
rial was 1,200 kg/m3. 

Measured variables included accelerations pro­
duced under as well as on the ground surface along 
with corresponding displacements induced in the 
building model and on the ground surface. A rela­
tive displacement gauge was installed at a position 
straddling the weak layer. For comparison, a sec­
ond relative displacement gauge was installed on 
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