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1 Introduction 
Population growth and rapid urbanisation have intensified land-use pressure, particularly in 
mountainous terrains. This often necessitates the construction of critical infrastructure in geologically 
unfavourable locations, such as in close proximity to vertical rock cuts or excavations. In such 
projects, retaining structures are frequently employed to provide lateral support. However, the offset 
distance between the footing and the excavation face constitutes a critical design parameter, as it 
controls the extent to which excavation-induced stress redistribution affects the foundation. 

Numerous studies have investigated the behaviour of foundations located near vertical cuts in soils. 
However, the direct applicability of these findings to foundations placed adjacent to vertical 
excavations in jointed rock masses is limited due to the presence of discontinuities. Because of the 
isotropic properties of soil, the stress distribution beneath an applied load follows a symmetrical 
circular pattern. In contrast, the presence of joints imparts anisotropy to rock masses, resulting in a 
non-uniform, direction-dependent stress distribution that deviates from the conventional circular 
symmetry (Boussinesq, 1885; Goodman, 1991, Biswas et al 2025b). 

A limited number of studies have investigated foundations located near vertical cuts in jointed rock 
masses. Biswas et al. (2025a, 2025b) performed physical model studies on orthogonally jointed rock 
masses with a foundation placed adjacent to an excavation wall. Previously, Son and Park (2014) 
employed both physical model tests and numerical simulations to investigate the earth pressure acting 
on excavation walls in single-jointed rock at varying excavation depths. Subsequently, Son and 
Adedokun conducted a series of numerical parametric studies to evaluate earth pressure distributions 
under diverse conditions, including joint cohesion (2014), layered jointed rock masses (2016), joint 
inclination (2017a), rock mass quality, ranging from hard to highly weathered (2017b, and wall 
permeability (2018). However, in these studies by Son and Park (2014) and Son and Adedokun (2014, 
2016, 2017a, 2017b, 2018), the foundation was not placed on the jointed rock mass; consequently, the 
effect of footing distance from the excavation was not examined. 

To investigate this, 2D physical model tests were conducted on an artificial 60°–30° orthogonally 
jointed rock mass with an isolated footing placed adjacent to an excavation wall. Complementary 
finite element modelling (FEM) was conducted to assess the bending moment distribution, shear stress 
distribution, and load transfer along the excavation wall for different footing distances.  

2 Physical model tests 
A series of 2D physical model tests, scaled at 1:20, were performed in the Geotechnical Engineering 
laboratory at IIT Roorkee to examine the bearing capacity and load-settlement characteristics of 
isolated footings with varying footing positions and excavation depth. This model rock mass 
comprised two continuous orthogonal joint sets: one dipping at 60° toward the excavation and the 
other orthogonal to it, oriented at 30°. 

The artificial rock mass was formed using individual blocks (25 mm × 25 mm × 75 mm) cast from a 
blend of Plaster of Paris, white cement, sand, and water. These blocks were meticulously assembled 
into a 1.2 m × 0.8 m × 0.15 m configuration to represent the 60°–30° orthogonal joint sets. To 
represent the excavation boundary, a 0.4 m high acrylic sheet (10 mm thick) was utilised.  

As shown in the Fig 1, a rigid foundation was simulated using a 0.15 m square mild steel plate (0.025 
m thick) placed on the artificial rock mass upper surface. Vertical loading was applied via a 300 kN 
capacity hydraulic jack and monitored through a 350 kN proving ring. Foundation settlement was 
recorded using two dial gauges positioned at the midpoints of opposite edges of the plate. The 
mechanical properties of the constituent materials and joint interfaces, determined through a 
comprehensive testing suite (including UCS, triaxial, Brazilian, and direct shear tests), are summarised 
in Table 1. Further experimental details are documented in Biswas et al. (2025b). 

Physical model tests were performed with the footing located at offset distances of 0B, 1B, and 2B 
from the excavation face, where B is the footing width, 0.15 m. The minimum embedment depth of 
0.25h (h representing the wall height) was maintained throughout the experimental program. 
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