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1. Introduction

The bearing capacity of slopes, particularly when subjected to surface surcharges, is a long-standing and
complex issue in geotechnical engineering. Numerous theoretical and empirical studies have been conducted
on this topic. However, a review of available literature indicates that most of these studies have focused on the
bearing capacity of homogeneous, primarily sand slopes, or slopes with horizontal layered soils, with or
without reinforcement. In practice, it may be necessary to construct structures on sloping ground with inclined
layered soils, which present greater challenges and concerns in evaluating bearing capacity compared to the
previously mentioned scenarios. Therefore, this study experimentally and numerically investigates the role of
the thickness and position of an inclined weak layer on the bearing capacity of clay slopes supporting strip
footings. This investigation was conducted for three slope angles: 30, 45 and 60 degrees. Assuming a fixed
footing position at the edge of the inclined weak layer, the slope angle, along with the thickness and position of
the layer (at the face or inside the slope), were considered as the main variables.

2. Methodology

This research employed a dual approach, including both small-scale laboratory and numerical modeling.
Given that the soil-footing layer system was studied under plane strain conditions, two types of soils with
different geotechnical properties were selected. For the strong soil, low-plasticity clay (CL) was used, and for
the weak soil layer, silty sand (SM) was utilized, based on the Unified Classification System.

2.1. Experimental study

The strip footing model was a rigid aluminum piece wite a smooth base, measuring 59.8cm in length, 5cm
in width, and 5cm in thickness. The footing’s length was intentionally made 2mm smaller than the chamber’s
width to facilitate placement and prevent interference between tge footing edges and the chamber walls during
the test. The top surface of the footing was covered with a rigid steel strip to increase its stiffness and prevent
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identation from the applied load. A small, cup-like hollow was also created in the middle of the footing’s top
surface to allow a steel ball to move freely, enabling free rotation between the loading rod and the footing.

To prepare the soil samples, after mixing the clay with water to ensure uniform moisture distribution, the
samples were placed in sealed, thick nylon bags at their optimum moisture content and stored in a cool lab for
24 hours before use. The sandy samples were prepared on the same day of the test and stored in a cool
environment until construction to prevent moisture loss. To achieve plane strain conditions and avoid
boundary effects, the clear internal dimensions of the test chamber were 150x60x50cm. the shatterproof glass
wall of the chamber was marked with a grid of 5cm blocks to control the layer thickness. The wet weight of
each block of soil was calculated based on the unit weight and desired relative density, precisely weighed,
transferred to the chamber, and compacted. This process was repeated for up to 5 layers, reaching a thickness
of 25 cm (five times the footing width). The entire compacted soil mass was then cut to desired slope angle
using a thin, sharp-edged steel blade. After the footing was placed, the measurement system, including a force
gauge and displacement transducer, was installed, and loading was applied at a rate of Lmm/min until failure
(Fig. 1).

Fig. 1. Installation of the footing model, measuring gauges, and load application shaft on the model slope

2.2. Numerical modeling

For the evaluation of the results, numerical modeling was performed using version 7 of the finite software
Flac 2D. the geometric dimensions of these models were set to be 30 times larger than the laboratory models.
It's worth noting that the Flac software cannot directly calculate bearing capacity. Therefore, by gradually
applying and increasing the srress under the footing, the corresponding displacement values were determined.
After plotting the stress-displacement curve, the ultimate bearng capacity was determined by using the method
of intersecting tangent lines from the initial and final parts of the curve (Fig. 2).
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Fig. 2. Intersection of tangents method for determining ultimate bearing capacity
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3. Results and discussion

In this study, the scale effect on the ultimate bearing capacity of clay slopes containing an inclined weak
layer subjected to strip footing loading was investigated through 21 small-scale physical model tests and the
corresponding full-scale numerical simulations performed using FLAC 2D. In this context, the effects of slope
angle, weak-layer thickness, and weak-layer location (at the slope face or embedded within the slope) on the
bearing-capacity behavior of the slopes were evaluated. The main findings of this study are summarized as
follows:

1) Unsaturated soils in small-scale physical models exhibit higher shear strength than their full-scale
counterparts due to the presence of matric suction. However, as the model dimensions and the corresponding
stress levels increase, the influence of matric suction decreases substantially and, in many cases, becomes
negligible.

2) The use of small-scale physical models without accounting for scale effects and proper calibration of the
geomechanical parameters, particularly cohesion, may lead to a significant overestimation of the ultimate
bearing capacity. Therefore, incorporating scale effects is essential for the reliable extrapolation of laboratory
findings to field-scale conditions.

3) For full-scale models, the operational cohesion required to achieve consistency between the numerical
predictions and the experimental results was found to be dependent on the slope inclination, increasing as the
slope angle increased. This finding highlights the coupled influence of slope geometry and the prevailing stress
conditions on the effective strength parameters.

4) In all cases considered, decreasing the slope angle led to an increase in the ultimate bearing capacity.
Likewise, increasing the setback distance of the strip footing from the slope crest enhanced the bearing capacity
up to a critical distance, beyond which further increases in setback produced little or no additional
improvement. For slopes containing a weak layer, this critical distance was found to depend on both the
position and the inclination of the weak layer.

5) A comparison between the two weak-layer configurations revealed that slopes containing an embedded
weak layer exhibited a considerably higher ultimate bearing capacity than those with a weak layer located at
the slope face. This behavior is attributed to the confining effect provided by the overlying competent soil layer,
which enhances the stability of the embedded weak layer.

6) In the design of strip footings on layered slopes, relying solely on conventional bearing-capacity
equations or on the results of small-scale physical models without explicitly accounting for scale effects and
unsaturated soil conditions may lead to inaccurate predictions of bearing capacity and, consequently,
unreliable assessments of structural safety.
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