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ABSTRACT

The sustained growth in global scenario has led to an increase in the development of high-
end infrastructures viz., high-rise buildings, long-span bridges, transmission lines and
basement retaining walls. These large infrastructures necessarily require deep foundations
due to the requirements of transferring heavy structural loads and the sites having very
loose/soft soils. At times, the site conditions and extremely heavy load combinations would
demand the piles be socketed in to weathered soft rocks to even hard rocks. Use of rock-
socketed piles become inevitable under such circumstances and these piles are subjected to
combined loading rather than independent loading. This study designed and fabricated a
model experimental setup for conducting 1-g model experiments on model aluminum
instrumented piles embedded in synthetic rock subjected to both independent vertical-
compressive and lateral loading, and combined vertical-compressive and lateral loading.
Synthetic rock was prepared based on a mix design which can simulate the strength and
modulus of soft rocks. 24 model tests were carried out on single pile of different socketing
length of piles (L/D ratios: 6, 9 and 12). Combined loading tests were done such that the
resultant of vertical-compressive and lateral loads is at a constant inclination (30° and 60°).
Piles with smooth surface and rough surface were simulated for examining the effect of
pile-rock roughness profile. The vertical load-settlement and the lateral load-deflection
response were measured from the tests. The bending behaviour of piles under both
independent and combined loading was also measured. The defection profile of the rock-
socketed pile was obtained by tracing the tested/failed piles after extracting/splitting them.
The axial and lateral resistance of the rock-socketed piles are interpreted and discussed.
Numerical analysis of rock-socketed piles subjected to combined loading was also

carried out using PLAXIS 3D software. The pile was idealized as a linear elastic material



whereas the rock was modeled as nonlinear material assuming elastic perfectly plastic
behavior. Interface elements were used between rock and pile. The standard fixities were
applied to the boundaries. The procedure of numerical analysis adopted for studying the
response of rock-socketed piles under combined loading was validated using the field test
data reported in the literature (for independent vertical and lateral loading). Further, the
analysis is also validated using the present experimental data measured under combined
loading. It is found that the pile-rock roughness profile significantly affects the axial
resistance of rock-socketed piles, but its effect on lateral resistance is insignificant. It is
also found that piles in rock with relative shorted embedded lengths would behave as
flexible piles, compared to piles in soils. The combined loading is found to have significant
effect on the response of vertical load-settlement and lateral load-deflection. The axial
resistance is reduced considerably under combined loading, compared to independent
loading, whereas the lateral resistance is found to increase under combined loading for
shorter socketing length of piles. However, for longer flexible piles, the effect of combined
loading is insignificant. The depth of fixity of rock-socketed piles measured from
experimental data varies from 1 to 1.25 times pile diameter, whereas the effective pile
length obtained from traced pile deflection profiles varies from 1.0 to 3.5 times the pile
diameter. The numerical analysis carried out is capable of predicting the behavior of rock-

socketed piles under both independent and combined loading with an excellent accuracy.
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