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Abstract— Retaining walls are categorized into several 
types, out of which cantilever retaining walls are the commonly 
used retaining wall type. Shear keys are the structures 
incorporated in the cantilever retaining walls to increase their 
resistance to sliding. The current study investigates the optimal 
location and depth of the shear key. A theoretical approach 
based on limit equilibrium and numerical modelling were 
adopted in the analysis. Limit equilibrium analysis was carried 
out using the Excel spreadsheet application. The values of 
Factor of Safety against sliding and overturning, varying with 
the shear key's depth and location, are presented as graphical 
representations. Finite Element Analysis was carried out using 
PLAXIS 2D software to analyze the variation of the overall 
stability with the increasing depth of the shear key. The limit 
equilibrium analysis observed that utilizing a shear key 
enhances the stability of the retaining wall against sliding. It 
was also found that the increase in the depth of the shear key 
reduces the stability of the retaining wall against overturning, 
and the optimum location of the shear key is at the heel of the 
wall base. Results from the Finite Element Analysis showed 
that the retaining wall's overall stability increases with the 
increase in the depth of the shear key. 
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I. INTRODUCTION 
Retaining walls are the structures that support the soil 

laterally and help them restrain at a slope that is not 
occurring naturally. Gravity retaining walls are walls with a 
base that can take a significant vertical load. Cantilevered 
retaining walls are the most common type of gravity 
retaining walls used widely [1], [2].  

The stability of these walls should be ensured for their 
long-term use without any anticipated failures. A retaining 
wall can fail due to four main failure mechanisms: sliding, 
overturning, bearing capacity, and deep-seated failure. 
Cantilever-type retaining walls are prone to sliding failure 
due to their thin section.  

A shear key is a structural element frequently used in the 
footing of the retaining walls to increase the wall's sliding 
resistance. In a retaining wall, resistance to sliding is 
provided by the frictional resistance between the base slab's 
bottom and the soil surface. Hence, the frictional resistance 
depends on the wall's weight and the backfill’s weight above 
the base slab. An additional resistance must be generated if 
this friction force does not provide the required safety against 
sliding [1]. By using a shear key, the development of passive 
earth pressure due to the soil in front of the shear key will 
generate an additional resistance against sliding. The shear 
key's depth and location would influence the stability of the 
cantilever-type retaining walls.  

Cantilevered walls are economical up to a wall height of 
7 m [3]. There are many different types of cantilevered 
retaining walls, with the common feature being a footing that 
supports the vertical wall stem. Typical cantilevered walls 
are inverted T-shaped, L-shaped, or reverse L-shaped. A 
reverse L-shaped cantilever wall was selected for the 
analysis. 

Nisha Sarath et al. [4] investigated the role of shear keys 
in cantilever retaining walls. They have concluded that the 
development of passive earth pressure due to the soil in front 
of the shear key will generate additional resistance against 
sliding.  

The depth and location of the shear key would influence 
the stability of the cantilever-type retaining walls. It is also 
affected by several other characteristics such as soil type, 
slope angle, height and width of the wall, groundwater table, 
etc.  

A study by John S. Horvath [5] concludes that the heel 
key exhibit slightly superior behaviour at translation and 
rotation only at higher loads. The basic flat bottom case 
outperformed the toe key alternatives at higher loads.  

A study by Anthony T.C. Goh [6] investigates the 
behaviour of concrete cantilever retaining walls to determine 
if current analytical procedures provide realistic estimates of 
earth pressure distribution under working load conditions 
using the finite element method. The author concluded that 
the finite element method allows for a more realistic 
consideration of the soil-structure interaction, the 
construction sequence involved, and other complex initial 
conditions compared to conventional design methods. 

A study by Salahudeen A.B. and Ketkukah T.S. [7] 
concludes that the effect of shear key position is insignificant 
for Factor of Safety against sliding. However, for safety 
factors against overturning, the shear key position is a 
significant issue.  

This study was carried out to identify how the 
dimensions and location of a shear key can affect the 
stability of retaining walls against potential failure 
mechanisms. In this study, limit equilibrium analysis is 
carried out to identify how the following parameters will 
influence the stability of cantilever-type retaining walls. 

1. Depth of shear key 

2. Location of shear key 

In addition, Numerical modelling will also be carried out 
to investigate the deformation characteristics of the wall. 



 

 

II. LIMIT EQUILIBRIUM ANALYSIS 
Limit equilibrium analysis was carried out by changing 

the location and depth of the shear key and other governing 
parameters such as the height of the wall and length of the 
wall base in order to obtain FOS against sliding failure, FOS 
against overturning failure, and maximum bearing pressures 
at the base of the retaining wall.  

Table I shows the design soil parameters considered for 
the analysis. Design soil parameters are calculated using BS 
8002:1994 [8]. BS 8002 recommends a mobilization factor 
(M) to convert peak shear strength to shear strength mobbed 
in working conditions. M is taken as 1.2 in this analysis. 

For the analysis, two different scenarios are considered 
based on the distribution of lateral loads due to active soil 
conditions (Fig. 1 and Fig. 2): 

Scenario 1:    Active earth pressure extends up to the depth of 
the shear key. 

Scenario 2:  Active earth pressure is not extending beyond 
the base of the retaining wall. 

 

 
Fig. 1. Pressure diagram for Scenario 1. 

 
Fig. 2. Pressure diagram for Scenario 2. 

Rankine's method is used for active and passive earth 
pressure computation in this analysis. The design soil 
parameters are kept constant by referring to the shear 
strength properties of commonly used backfill materials in 
Sri Lanka.  

TABLE I.  DESIGN SOIL PARAMETERS 

 

A. Stability against sliding 

The factor of safety for sliding is the ratio between the 
forces resisting the sliding and forces inducing sliding. 

 FOS = 
Sliding resistance

Force inducing sliding
(1) 

Sliding resistance (R) is given by, 

R = σvtanδb + Cb+Pp (2) 

Where,
σv = (ws + w1 + w2 + wk + Q1L) (3) 

 
Where  ws  is the weight of the backfill soil above the 

base, w1 is the weight of the wall stem, w2 is the weight of 
the wall base, wk  is the weight of the shear key, Q1  is the 
Surcharge, and L is the length of the base. 

Pp is the lateral load due to passive pressure. Force-
inducing sliding is the lateral load due to active pressure 
(PA). 

 
For a cantilever retaining wall without a shear key, the 

sliding failure plane will be under the base of the wall, hence, 

δb  = δb (des) (4) 
  

Cb = ca (des) × (L + b1) (5) 
 

Where b1 is the stem thickness (Refer to Table I for other 
notations). Huntington W.C. [9] suggests that sliding occurs 
on a horizontal plane through the soil at the bottom of the 
shear key when a shear key is used. The different failure 
planes are shown in Fig. 3. 

 

 
Fig. 3. Sliding failure plane. 

 
 

Design Soil parameters Value 

Design backfill soil cohesion cdes 4.17 kPa 

Design angle of shearing resistance φdes 26° 

Design angle of base friction δb (des) 20° 

Design founding soil cohesion  cb (des) 4.17 kPa 

Design wall base adhesion ca (des) 3.13 kPa 

PA d 

b 

d 
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Therefore, when a shear key is used,  

δb = φdes (6) 
 

 Cb = cb (des) (L+ b1 - b) + ca (des)b (7) 
 
Where, b is the key width (Refer to Table I for other 
notations). 
 

B. Stability against overturning 

The factor of safety against overturning is the ratio 
between the restraining moments and disturbing moments. 

FOS = 
Resisting Moment (Mr)

Disturbing Moment (Mo)
 (8) 

 
Moments are taken about the Point of rotation (P) (see 

Fig. 1 and Fig. 2). Resisting Moment (Mr) is caused by the 
weight of the backfill soil, Surcharge load, weight of the 
stem, base and shear key, and load due to passive lateral 
pressure multiplied by their respective lever arms about P. 

Disturbing Moment (Mo) is caused by the load due to 
active lateral pressure multiplied by its lever arm about P. 

An excel spreadsheet was prepared to analyse the effect 
of the shear key on the stability of the cantilever retaining 
wall using the limit equilibrium approach. Different 
spreadsheets were prepared for the Two scenarios. FOS 
against sliding, overturning, and bearing pressure variations 
at the base of the footing was computed for different depths 
and locations of the shear key. i.e., other than x and t (see 
Fig. 1 and Fig. 2), other parameters are kept constant during 
the analysis.  

Graphical representations for the variation of FOS 
against sliding and overturning with the change in depth and 
location of the shear key and change in maximum and 
minimum bearing pressures at the retaining wall base were 
obtained to conclude the study. 

III. FINITE ELEMENT ANALYSIS 
Finite Element Analysis was carried out using PLAXIS 

2D to fulfil the following objectives: 

1. To verify the assumed point of rotation in the limit 
equilibrium approach is appropriate   

2. To evaluate the effect of depth and location of a shear 
key on the deformation of the wall’s stem 

3. To compare the maximum and minimum bearing 
pressures calculated through the limit equilibrium 
approach with those values obtained from the numerical 
modelling  

Fig. 4 shows the deformed mesh of the model. Plate 
elements are used to model the retaining wall and shear key. 
A finer mesh was used for the model [10]. Modelling was 
done with the shear key located at the heel of the wall base, 
and five models were created considering five depths of the 
shear key, and a no shear key situation is also modelled. 
Table II shows the material properties used for both founding 
soil and backfill.  

 

 
Fig. 4. Deformed mesh for the model. 

TABLE II.  MATERIAL PROPERTIES OF SOIL USED IN PLAXIS 2D 

 
Elastic modulus  = 30,000 x 103 kPa and Poisson’s ratio 

of 0.20 is used for concrete. Dimensions used for the 
retaining wall and other parameters used in the model are 
shown in Table III. Soil parameters mentioned in Table III 
are chosen by referring to the properties of the most common 
soil types in Sri Lanka 

From the Finite Element analysis, values for the 
horizontal deformation at the top of the stem for each case 
and maximum bearing pressures immediately below the 
retaining wall base were obtained and compared to arrive at 
conclusions related to the study.   

 
TABLE III.  DIMENSIONS OF WALL AND OTHER PARAMETERS 

Parameter Name Value 

General 

Material model Model Mohr-Coulomb 

Type of material behaviour Type Drained 

Dry unit weight     𝛾𝛾𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢  17 kN/m3 

Saturated unit weight  𝛾𝛾𝑢𝑢𝑢𝑢𝑢𝑢 20 kN/m3 

Parameters 

Young's modulus 𝐸𝐸′ 1.3 x 104
 kN/m2

 

Poisson's ratio 𝜈𝜈′ 0.3 

Cohesion 𝑐𝑐′ 5.0 kN/m2 

Friction angle 𝜑𝜑′ 26.0° 

Dilatancy angle 𝜓𝜓 0.0° 

Parameter Value 

Thickness of stem  0.3 m 

Thickness of base 0.3 m 

Width of shear key 0.6 m 

Height of the stem 5.0 m 

Length of the base 2.5 m 

Surcharge on retaining side 10 kN/m2 

Unit weight of concrete 24 kN/m3 



 

 

 

IV. RESULTS AND DISCUSSION 
From the limit equilibrium analysis using a spreadsheet, 

charts are obtained showing the variation of FOS against 
sliding varying with the depth of the shear key, FOS against 
overturning varying with the depth and location of the shear 
key, and maximum bearing pressure variation with the depth 
and location of the shear key.  

Fig. 5 shows a steady increase in the FOS with the 
increase in the key's depth in Both Scenarios 1 and 2. 
However, the rate of increase in FOS is higher in Scenario 2 
than in Scenario 1. This variation is due to the increase in 
active pressure with the depth of the key in Scenario 1, 
whereas an increase in depth of the shear key does not affect 
the active pressure in Scenario 2. 

Eq. (7) is not dependent on x (See Fig. 1 and Fig. 2). 
Thus, changing the shear key's location will not affect the 
stability against sliding, i.e., FOS against sliding will only 
depend on the depth of the shear key. 

The effect of depth and location of the shear key on FOS 
against overturning is evaluated and presented in Fig. 6. It 
was observed that the stability against overturning decreases 
with the increase in depth of the shear key in Scenario 1. It 
was also observed that the shear key at the heel exhibits 
superior behaviour than the other locations of the shear key. 
The same kind of variation is obtained from the analysis for 
Scenario 2 as well. 

From Fig. 7, with the increase in depth of the shear key, 
the maximum bearing pressure at the wall base is also 
increased in Scenario 1. Bearing pressure is comparatively 
lesser when the shear key is at the heel. The same kind of 
variation is obtained from the analysis for Scenario 2 as well. 

 
Fig. 5. FOS against sliding vs depth of shear key. 

 
Fig. 6. FOS against overturning vs Depth of shear key – Scenario 1. 

 
 

 
Fig. 7. Variation of σmax with the depth of shear key – Scenario 1. 

 
Fig. 8. Comparison of FOS against overturning at heel. 

Comparison of FOS against overturning varying with the 
depth of shear key at the heel of the base for both scenarios is 
shown in Fig. 8. There is a significant variation in FOS 
against overturning, where values are higher in Scenario 2 
than in Scenario 1. This is because the increase in active 
pressure with the depth of key in Scenario 1 causes an 
increase in the overturning moment. In Scenario 2, its active 
pressure does not increase with the depth of the shear key, 
and the overturning moment will not change despite the 
increasing depth of the shear key. 

Finite Element analysis helps understand the influence of 
the shear key in the variation of overall stability, i.e., the 
combined stability against overturning and sliding. In  Fig. 9, 
Horizontal displacement decreases with the increasing shear 
key depth, thus showing that the overall stability increases 
with the increasing depth of the shear key. However, the 
effect of the depth of shear key on the overturning stability 
alone is not possible to obtain through PLAXIS 2D analysis.  

 
Fig. 9. Displacement at the top of the stem vs. depth of the shear key at heel 
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Fig. 10. Maximum bearing pressure vs depth of the shear key at heel. 

From Fig. 10, the maximum bearing pressure calculated 
in Scenario 1 is in greater agreement with the results from 
the Finite Element Analysis than in Scenario 2. Analysis in 
Scenario 2 underestimates the bearing pressure, and thus it 
may lead to bearing failure of the structure if used in 
designing the retaining wall. However, it is worthy to note 
that, in 2015 IBC (International Building Code), clause 
1807.2.1 states that when a key is provided extending below 
the wall base to engage passive pressure and enhance sliding 
stability, lateral soil pressures on both sides of the key shall 
be considered in sliding analysis. However, this provision 
was removed in the 2018 IBC. This supports the analysis 
criteria used in Scenario 2 [11]. 

When calculating the moments, most studies considered 
the point of rotation as the toe point of the base. They 
neglected the passive pressure component below the toe 
point (which will otherwise produce an overturning 
moment). In the current study, the point of rotation is 
assumed to be at a depth of the shear key, below the toe of 
the base; thus, the passive pressure component below the toe 
point contributes to the resisting moment. 

 
Fig. 11. Change in active and passive pressure with shear key depth. 

For smaller depths of shear key (< 1.2 m), the increase in 
active earth pressure is much larger than the mobilized 
passive resistance as shown by the shaded areas in Fig. 11. 
As a result, the overturning stability of the wall is reduced 
with the increase in the depth of the shear key. 

V. CONCLUSION 
From the limit equilibrium analysis and Finite Element 

modelling, using a shear key significantly affects the stability 
and behaviour of cantilever retaining walls. The following 
conclusions can be arrived at from the above study: 

1. The location of the shear key does not affect the stability 
against sliding. Installing the shear key at the toe, the 
centre of the base, and the heel yielded the same results 
of FOS against sliding for a particular depth of key. 

2. An increase in depth of the shear key will cause an 
increase in FOS against sliding.  

3. An increase in depth of the shear key will decrease the 
wall's stability against overturning. Therefore, the choice 
of the depth of the shear key is essential to satisfy the 
recommended FOS for both sliding and overturning.  

4. Positioning the shear key at the heel of the footing is the 
best practice to enhance the safety against overturning 
failure of the wall.  

5. Results from the Finite Elements analysis show that the 
retaining wall's overall stability increases with the 
increase in depth of the shear key. 
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