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Failures caused by surface rupture in recent earthquakes emphasize the need to investigate fault-structure-
foundation interaction while designing engineering structures and life lines in fault zones. Many civil projects,
especially buildings on problematic soils (e.g. loose soils with low carrying capacity, high settleability and
liquefaction, made grounds, and others), use micropiles in the sub-base to improve the soil and increase its carrying
capacity. If such structures are positioned in fault zones, however, the interaction between the faulting and the micro-
piles located at the faulting zone is often neglected. Therefore, this paper used numerical modeling in Abacus to
investigate the reverse fault-micropile interaction, and modeled and analyzed the three-dimensional soil, foundation
and micropile system using the finite element method in Abacus. In this regard, a footing with an 11m length and
width and a 91 kPa load (equivalent to a 9-floor building) was modeled atop a 15m-thick sandy soil layer. S set of 36
concrete micropiles with 20cm diameter, 10m length and 2m distance to each other were also used for investigating
the base-fault-micropile interaction.

The numerical analysis was validated using laboratory results. The ratio of the distance between the faulting and
sub-base contact to base width (S/B) was the most important criterion used in this study, and the parametric study
investigated the effect of the micropile foundation’s location relative to faulting after selecting the S/B parameter.

Results show that the foundation and micropile response depends on their position relative to the fault, and
responses to deviation or rupture propagation around the structure differ by structure position. The overall results
show that the presence of micropiles does not significantly affect horizontal displacement control, resulting in a 10-
15% reduction in horizontal displacement compared to the no-micropile state for S/B>1.0. Micropiles are consistently
effective for controlling vertical foundation displacement and reduce vertical displacement by about 60% compared
to the non-micropile state. This is caused by the faulting’s contact with the micropile-foundation block, which makes
it act as a retaining wall and leads to rupture diffraction, distribution, and diversion. However, results differ by
foundation rotation in different conditions. Due to the residual stress between micropile rows in 0.9<S/B<1.5, the
faulting-micropile interaction increases the foundation rotation in the micropile state by approximately 40% compared
to the non-micropile state, that points to the inefficiency of micropiles in controlling foundation rotation when put in
such a condition. Therefore, if the objective, importance, limitations and other criteria affecting engineering structure
placement call for a mixed “foundation and micropile” structure adjacent to the fault, the position of the foundation
with the micropile set relative to the faulting is a determinant factor of soil-faulting-micropile and foundation
interaction results. Accordingly, investigating horizontal and vertical displacement as well as foundation rotation with
S/B ratio changes can determine the optimal structure position relative to the fault and fault path and prevent damages.

Keywords: Interaction, Fault rupture, Numerical modeling, Reverse fault, Micropile.





