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ABSTRACT

Rock-socketed piles are widely adopted as deep foundation elements in
geotechnical engineering due to their ability to transfer heavy structural loads through weak
overburden soils into competent rock. Their performance is influenced by rock mass
conditions/joint characteristics, socket geometry, and construction-induced effects such as
sediment deposition at the pile-rock interface. A comprehensive understanding of these
factors is essential for safe and economical foundation design, particularly under combined

axial and lateral loading.

This study investigates the behaviour of rock-socketed piles through an integrated approach
combining laboratory model tests and numerical simulations using Plaxis 3D.
Experimental work was conducted on model piles installed in synthetic rock blocks
representing weak rock conditions. The intact synthetic rock material had uniaxial
compressive strengths of 5 MPa and 8 MPa, while jointed rock conditions were simulated
by introducing predefined discontinuities. The study considered two socket length-to-
diameter ratios (L/D = 3 and 5) to investigate pile behaviour under different rock
conditions. Additional tests examined the influence of drilling-induced sediments of
varying thickness at the pile toe/base. The results demonstrate that pile performance is
governed by a complex interplay of rock strength, pile length-to-diameter ratio, joint
roughness, and sediment conditions. Stronger rock and longer sockets generally enhance
axial and lateral resistance, though the efficiency of increased length is limited in weaker
rocks due to incomplete mobilisation of shaft resistance. Jointed rock conditions influence
pile behaviour by altering load transfer mechanisms, in which shear mobilisation along
joint planes contributes to load resistance while simultaneously reducing overall stiffness

and altering moment distribution under combined loading. Sediment at the pile toe/base



was found to affect the pile response. Interestingly, thin sediment layers showed reduced

settlement due to micro-concrete penetration and hardening.

Numerical simulations complemented the experimental findings, validating observed load-
displacement trends and enabling parametric studies beyond the scope of physical testing.
The simulations revealed that axial capacity is highly sensitive to sediment at shorter socket
lengths, where end bearing dominates, but becomes governed by side friction at greater
depths, with marginal gains beyond this length. Lateral response under combined loading
showed notable improvement for shorter sockets, but the axial contribution diminished with
depth, and for deeper sockets, lateral capacity was largely governed by pile-rock interaction

alone.

Overall, the study establishes that rock-socketed pile behaviour is strongly influenced by
the interaction between socket length, rock conditions, joint properties, and loading type.
Independent loading tests tend to overestimate field performance, while combined loading
provides a more realistic and conservative estimate. The findings have direct implications
for the design of pile foundations in jointed and sediment-influenced rock masses,
highlighting the need to account for socket length, joint orientation, and sediment effects
in practice. This work provides a systematic framework for understanding pile-rock
interaction and offers guidance for optimising deep foundation design in complex

geological conditions.

Keywords: Rock-socketed pile, Socket length, Axial loading, Lateral loading, Combined

loading, Joint roughness, Sediment effects, Numerical simulation, Plaxis 3D.
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Split rock block through iteration

Split block specimen using NEDA in final iteration

(a) Split rock block, (b) Split block placed in the frame, and

(c) Complete setup with laser and steel frame

JRC 2D profile of a synthetic rock block (UCS =5 MPa)
under axial loading

JRC 2D profile of a synthetic rock block (UCS =5 MPa)
under lateral loading

JRC 2D profile of a synthetic rock block (UCS =5 MPa)
under combined loading

Synthetic rock joint specimen with 15° asperity angle
Large-scale Direct Shear Test Setup at IIT Delhi

(a) and (b) 15° asperity sawtooth joint surface after direct
shearing tests, (c) and (d) Planar joint surface after direct
shear tests

Shear stress-displacement curves for planar rock joints
under varying normal stress

Shear stress-displacement curves for 15° asperity rock
joints under varying normal stress

Peak Shear Strength versus Normal Stress curve for a
planar rock joint

Peak shear Strength versus Normal Stress curve for a 15°

asperity rock joint

(a) Drilling and coring in the joint rock, (b) steel clamp, (c)

Jointed rock after casting the pile and ready for testing, (d)
Test setup installed in the foundation lab for jointed rock
Schematic diagram for loading arrangement for pile in

jointed rock
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Figure Caption

Axial load Vs Settlement of pile in jointed rock under
independent axial loading (UCS = 5 MPa)

Axial load Vs Settlement of pile in jointed rock under
independent axial loading (UCS = 8 MPa)

Lateral Load Vs Deflection of pile in jointed rock under
independent lateral loading (UCS =5 MPa)

Lateral Load Vs Deflection of pile in jointed rock under
independent lateral loading (UCS = 8 MPa)

Variation of (a) Axial load with UCS and (b) lateral load
with UCS for piles in jointed rock, independent loading
Axial load-settlement response in jointed rock under
combined loading (UCS =5 MPa)

Axial load-settlement response in jointed rock under
combined loading (UCS = 8 MPa)

Lateral load-deflection response in jointed rock under
combined loading (UCS =5 MPa)

Lateral load-deflection response in jointed rock under
combined loading (UCS = 8 MPa)

Variation of axial load (a) with UCS and (b)lateral load
with UCS for combined loading

Variation of maximum bending moment with normalised
depth of pile in jointed rock (UCS = 5 MPa) for
independent lateral load

Variation of bending moment with normalised depth of pile
in jointed rock (UCS = 8 MPa) for independent lateral
loading

Variation of bending moment with normalised depth of pile
in jointed rock (UCS = 5 MPa) for combined lateral
loading

Variation of bending moment with normalised depth of pile

in jointed rock (UCS = 8 MPa) for combined loading
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Figure Caption

Comparison of load-settlement response of pile in intact
and jointed rocks under independent axial loading for (a)
UCS =5 MPa and (b) UCS = 8 MPa

(IR- Intact Rock, JR- Joint Rock)

Comparison of load-deflection response of pile in intact
and jointed rocks under independent lateral loading for (a)
UCS =5 MPa and (b) UCS = 8 MPa

Comparison of load-settlement response of pile in intact
and jointed rocks under combined loading for (a) UCS =5
MPa and (b) UCS = 8 MPa

Comparison of load-deflection response of pile in intact
and jointed rocks under combined loading for (a) UCS =5
MPa and (b) UCS = 8 MPa

(a) Relative density test setup, and (b) sample of drilled-
induced sediments in the mould

(a) Triaxial test setup, (b) and (c) failed samples after
testing

(a) Differential stress vs axial strain and (b) p-q Plot

(a) Fuel with PVC pipe (b) and (c) stages of pouring the
concrete

Sediment filling (100 ml)

Compression (Jar) test for measuring the densification of
sediments

Axial load-settlement response with a sediment thickness
of 12.5 mm at UCS =5 MPa

Axial load-settlement response with a sediment thickness
of 12.5 mm at UCS = 8§ MPa

Axial load-settlement response with a sediment thickness
of 25 mm at UCS = 5 MPa

Axial load-settlement response with a sediment thickness

of 25 mm at UCS = 8 MPa
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Axial load-settlement response with a sediment thickness
of 37.5 mm at UCS =5 MPa

Axial load-settlement response with a sediment thickness
of 37.5 mm at UCS = 8 MPa

Axial load-settlement response with a sediment thickness
of 50 mm at UCS =5 MPa

Axial load-settlement response with a sediment thickness
of 50 mm at UCS = 8§ MPa

Influence of drilling-induced sediment on an axial load-
settlement response of rock-socked pile (UCS = 5 MPa and
L/D=3)

Influence of drilling-induced sediment on an axial load-
settlement response of rock-socked pile (UCS = 5 MPa and
L/D =5)

Influence of drilling-induced sediment on an axial load-
settlement response of rock-socked pile (UCS = 8§ MPa and
L/D=3)

Influence of drilling-induced sediment on an axial load-
settlement response of rock-socked pile (UCS = 8 MPa and
L/D=5)

Variation of axial load with sediment thickness for UCS =5
MPa

Variation of axial load with sediment thickness for UCS = 8
MPa

Sensitivity analysis of axial load Vs settlement (Socket =
50 D)

Comparison of predicted and measured load-settlement
response of rock-socketed pile using data of Wang et al.
(1998)

Equivalent M-C properties derived from RocLab

Load vs settlement response of pile with different rock socketed

lengths
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Effect of sediments (unsettled) with different thickness on

response of pile with Ls = 5D

Effect of sediments (settled) with different thickness on response

of pile with Ls = 5D

Effect of sediments (unsettled) with different thickness on
response of pile with Ls = 10D

Effect of sedimentation (settled) with different thickness on
response of pile with Ls = 10D

Effect of sedimentation (unsettled) with different thickness on
response of pile with Ls = 15D

Effect of sedimentation (settled) with different thickness on
response of pile with Ls = 15D

Effect of sedimentation (unsettled) with different thickness on
response of pile with Ls =20D

Effect of sedimentation (settled) with different thickness on
response of pile with Ls =20D

Comparison of load-deflection response under independent
lateral loading and combined loading for a pile with Ls = 5D
Comparison of load-deflection response under independent
lateral loading and combined loading for a pile with Ls = 10D
Comparison of load-deflection response under independent
lateral loading and combined loading for a pile with Ls = 15D
Comparison of load-deflection response under independent
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