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Behaviour of cantilever retaining walls

M; Long, C. Brangan & K. -Gavin
Department of Civil Engineering, University College Dublin, Ireland

ABSTRACT: Some aspects of the behaviour of cantilever' retaining walls are reviewed using data from the
literature and a detailed study of such a wall in Dublin. In general these walls perform very well if here is a
competent soil at dredge level. Indeed there seems to be scope for more economical designs without induc
ing additional ground movements. Large movements can occur if the soil at dredge level is soft. Data from
the case history described here follows this general pattern. A conventional beam - spring program pro
duced poor predictions of the me-asured wall response. Encouraging results were obtained form a finite ele
ment analysis for both the magnitude of wall displacement and the displacement / time response.

l. INTRODUCTION

The use of cantilever retaining walls is growing
throughout the world. This has been driven by the
development of inner city sites where there is a re
quirement for both speed of construction and a need
to maximize working space by eliminating propping
systems. This paper reviews the behaviour of canti
lever retaining walls using published data from the
literature and detailed observations and analysis of
such a wall in Dublin, Ireland. The main objectives
of the paper are: -_

1. Review the behaviour of cantilever walls.

2. Outline ~a detailed case history from Dublin.
3 Compare the output from a simple beam - spring

analysis and full numerical analysis to the meas
ured response ofthe wall.

4 ~ Give some general guidelines for future design
of cantilever retaining walls.

2. THE SITE

2.1 General

The site is located in Dublin’s docldand area, some 3

km east of the city centre and adjacent to the River
Liffey. It occupies an area of some 40 m by 20 m.
The area is relatively flat and is at an elevation of
+2.5 mOD. It is bounded to west by the Grand Canal
Docks, to the north by some structures and the River

Liffey, to the east by Thorncastle St and to the south
by buildings, see Figure l. '
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Figure l. Site location & layout
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The adjacent buildings are of reinforced con
crete, supported on piled foundations and are in
good conditions. Pad foundations were used for the
brick houses on Thomcastle St. These are also 'in

good condition. All of these structures were suffi
cient distance from the works so as not to impose
any surcharge loading on the wall.

2.2 Ground conditions
Grotmd conditions at the s_ite are summarized on Ta

ble l and on Figure 2.-f E
Table l. Ground conditions

Stratum I Thickness (m) Thiclcness (m)
Range Average

Man made ground 3.1 - 4.2 3.5
Alluvium - sand & gravel

Alluvium soft silt/ clay 8.3 - 10.7 9.7
Glacial gravel 0_9 - 2.4 1_5
Glacial till (boulder clay) 1.5 proven'

Groundwater is located towards the base of the made

ground. at about 2.5 m depth (0 mOD). It varies by
about i-0.5 m due to the tidal influence of the river.

The made ground is a variable mixture of brick,
masonry, ash etc. in a silty clay matrix. Due to the
variable depositional enviromnent in the area close
to the mouth of the river, the alluvium strattun is a
complex mixture of various materials. ln general the
top 3.5 m comprises loose to medium dense sand
and gravel. Beneath this is son clays and silts with
abtmdant' organic material. Standard penetration test
“N” values, shown on Figure 2, reveals the variable
nature the stratum, with the poorest conditions oc
curring at BH] on the east part of the site. The un
derlying glacial deposits consist of a 1.5 m layer of
dense gravel over hard till.

3. DEVELOPMENT

3.1 Proposed development

This comprised a new basement, some 4 m deep,
within the footprint of the total_ site area. A simple
method of construction was required which would
leave maximiun working space within tl1is tight site.
Therefore it was decided to construct a relatively
stiff retaining wall around the perimeter of the site
and then excavate without the use of propping.

3.2 Construction sequence

1. Install “secant” piled wall. This comprised inter
locking 600 mm diameter bored piles installed at
500 mm centres. These were constructed using the
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Figure 2. Standard penetration test “N” values.

continuous flight auger technique (cfa) and were 16
m long with a toe level in the glacial till. The “male”
piles were reinforced with six T25 steel bars and are

of C3_5_ concrete. The “female” piles are unrein
forced and are of C10 concrete.

2. Construct a reinforced concrete capping beam.
3. Excavate to formation at about 4 m depth.

Pile construction was by P.J. Edwards Ltd. and
their designers were Byrne, Looby and Partners.

3.3 Monitoring plan

A key aspect of the development was the imple
mentation of an “observational approach” to the be
haviour of the structure during the works. This in
volved the installation of five inclinometers (see
Figure 1) in selected piles for the purpose of meas
uring the lateral wall movement. This survey work
was sub-contracted to the Geotechnical Section,
University College Dublin (UCD). Surveys took
place, on average, weekly dming the works. At criti
cal occasions the reading frequency was increased.

A “trigger level” lateral movement of 25 mm was
then selected. If measured movement exceeded this
value then:



1. Work would be halted.

2. Readings would be taken again the next day.
3. If furtherymovements were recorded then the ex

cavation' would beiniilled with spoil, which was
readily available at the site.

This relatively large “trigger” value was chosen

based on the poor ground conditions and on the
good structural condition of the nearby buildings.

3.4 Monitoring - actual wall response

Actual measured maximtun inclinometer readings
are shown on Figure 3. Maximmn measured move
ments varied between 60 mm at Location 3 to about
4 mrn at Locations 1 and 5. All of the inclinometers

show a similar profile with depth. _ It should be noted
that in order to calculate the- lateral movements the
toe of the inclinometers were assumed to be fixed.

Observation of the profiles suggests this was a rea
sonable assumption. _

Obviously the large measured movements at Lo
cation 3 were a cause of concern. However it was

discovered that the movement was due to nearby
over-excavation of a drainage stunp. The remedial
action described above was not implemented for this
reason. An access ramp was present near Location 1
and this is the likely cause of the low movements re
corded here. It is considered that the measurements

recorded at Locations 2 and 4 are the most repre
sentative for the site as a whole.

4. COMPARISON WITH OTIBER EXPERIENCE

Long (2001) smnmarized data from 27 cantilever
retaining wall sites. These data are reproduced in
Figure 4 in the fonn of normalized maximum lateral

displacement (5/H, where H is the maximum exca
vation depth) against system stiffness (EI/YWS4) as

defined by Clough et al. (1989), EI is_the retaining
wall stiffness, vw is the unit weight of water and s is
1.4H. A sub~division has been made between those

cases where there was “stiff” or “soft” soil at dredge
level. From this plot it can be concluded:

0 Surprisingly the 5/H values are confined within a
relatively narrow band and have and average value
of about 0.36%.

0 Beyond a system stiffness value of 1 (equivalent
to an average sheet pile wall), the lateral movements
appear to be independent of stiffness.

° A more flexible (and therefore more economic)
wall may perfonn adequately in many cases.
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Figure 3. Actual maximum lateral wall movements

0 Worldwide design practice for cantilever walls
may be conservative.

0 Where soft soil occurs at dredge level, significant
movements can occur.

The _data Hom the Thomcastle St. _site are also
plotted on Figure 4. Except for Location 3, the data
points fit the general pattern. The most_ representa
tive data (Locations 2 and 4), with 5/I-I values of
0.4% and 0.59% respectively, fall towards the upper
bound of the published data. It is fortuitous that the
dredge level at this site occurred Ein the sand and
gravel alluvium layer, which provided some signifi
cant resistance to lateral movement.
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Figure 4. Case history data - cantilever walls (Long, 2001)



At Location 3, movement is much greater than
would be expected fromthe published data. It seems
likely that the over-excavation for the drainage sump
penetrated the relatively competent sand and gravel
layer, exposing soft soil conditions at dredge level
and thus causing the additional movement.

5. RETAININ G WALL ANALYSIS

Both sets of analyses described in the following sec
tions were carried out at University College Dublin.
A similar analysisfusing FREW was used by Byme
Looby & Partners to design the wall.

5_1 Beam - spring analysis prior to site work

In Ireland, retaining wall analysis and design for
routine ‘works is frequently -carried out by means of
beam - spring programs. The software OASYS 
FREW is perhaps the most' popular choice. In
FREW, the soil is modeled as an elastic - plastic
solid. Soil stiffness matrices are developed from
prestored fmite element stiffness matrices, which are
scaled to the parameters of the given problem. Be
ginning from the in situ at rest pressures, the pro
gram analyses the behaviour for each stage of the
construction sequence and limits the soil stresses to
within the active or passive limits. Allowance is
made for arching witl1in the soil body. Full details of
the assumptions made in the analysis method are
given in Pappin et al. (1986).

FREW has been proven to give reliable results in
a variety of ground conditions. Several papers in the
proceedings of the international retaining wall con
ference held at' Cambridge, UK in 1992 contain rec
ords of case histories in which FREW was success

fully used (Clayton et al., l992)._
FREW (Version l7.7.2) was used to model the

construction sequence described above. Stiffness
and strength values typical of those used in current
design practice were adopted and these are summa
rised on Table 2.

The retaining wall was assmned to have a stiff
ness (EI) of 254 MPa/ m. No surcharge loading was
used. Output, in the form of predicted lateral wall
movement is shown on Figure 5 _

Maximum wall movement was predicted to be of
the order of 56 mm. Maximum bending moment and
shear force were about 150 kNm/m and 50 kN/m re

spectively. Similar values to these were used by
Byrne, Looby & Partners to design the wall.

Measured and predicted lateral movement
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Figure 5. Predicted and actual (representative) wall movements

Table 2. Soil input parametersE ‘Y ko ka kp cl-MPa kN/ma kPa
1. 25 18 0.5 0.35 3.5 0
2. 30 20 0.5 .0.24 6.5 03. 8 16.5 1 l l 204. _85 20 1 0.2 8 0
5. 150 20 1.3 1 _ l 350
[l. Man made ground, 2. Alluvium / sand & gravel, 3. alluvium

silt / clay, 4. Glacial gravel, 5 Glacial till. E = Young’s
modulus, 7 = bulk unit weight, ko, ka, kt, = coeflicients of at
rest, active and passive pressure, cl = effective cohesion.]

5.2 Numerical analysis

Subsequently a full numerical analysis was under
taken using the geotechnical finite element program
PLAXIS. The man made ground and glacial soils
were assumed to behave as elastic perfectly plastic
materials with failure defined by the Mohr - Cou
lomb constitutive law. The PLAXIS “soft soil”
model, which is very similar to Modified Cam clay,
was used for the two alluvial layers. Liner elastic
beam elements were used to model the retaining
wall. No special interface elements were used. A
fully coupled consolidation analysis was carried out
so that the relationship between movement and time
could be estimated.
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Figure 6. Part of finite element mesh (showing vectors of total

displacement alter 25 days. Largest vector = 97 mm)

Table 3. -Additional input parameters for numerical analysis

' ¢l kx ky' 7\. ic
Deg. m/day m/day1. 30 1 l - - _2. 35 l 1 0.05 0.013

3. - 0.0086 00086 0.15 0.035 '4. 36 l 1 - 
5. - 0.0001 0.0001 - 
[cbl = Effective fiiction angle, k,,_, ky = coefficients _of perme

ability in x and y direction, A = compression index, K = swel

ling index]

The finite element mesh used is shown on Figure
6 and the additional parameters required for this
analysis are stunmarized on Table 3.

Maximum latefal movement following excava
tion (ie. undrained movement) predicted by
PLAXIS is shown on Figure 5. Vectors of total de
formation are shown on Figure 6 and the displace
ment / time plot for the top point of the wall fol
lowing excavation is shown on Figure 7.

6. DISCUSSSION

6.1 Predicted and measured lateral movement

The measured movements at Locations 2 and 4 are

plotted together with the FREW and PLAXIS data
on Figure 5 _ Experience on site and comparison with
the other case histories suggest that these data are
the most representative. At the outset it must be
stated that no efforts have been made to refine the

profiles are similar with the wall showing a classic
cantilever displacement profile.

.FREW __ considerably over-predicts both the
measured movement and the wall curvature sug
gesting that current design practice is conservative.
It also predicted that about 75% of the soil profile
along the rear of the wall has reached the “active”
limit and the top 1 m in front of the wall has reached
“passive” conditions. Previous experience suggests
FREW produces conservative results when used to
model cantilever walls. This is mostly due to the
way in which the software deals with shear stresses
behind the wall and not because of conservatively
selected input parameters.

-The predictions produced by.PLAXIS are much
more encouraging. It can be seen fiom Figure 6 that

significant heave (sf 97 mm) movements are pre
dicted. Experience suggests that actual heave is less
than this. However no data are available to back up
this conclusion. It is likely that if minor changes
were made to the input stiffness parameters then
PLAXIS could reproduce the actual wall movements
very well.

6.2 Predictions of displacement against time

Despite the available data being limited to approxi
mately 30 days after excavation, it can be seen from
Figure 7 that PLAXIS predicts the displacement /
time relationship reasonable well. In this plot the
“zero” time displacement corresponds to the
undrained response following excavation.

6.3 Ejfect on acyacent structures

Inspection of adjacent structures confirmed that the
work caused no adverse effect.
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7. CONCLUSIONS

l. A review of 27 case histories of cantilever retain

ing walls _shows that in general these walls perform

very well provided that there is a stiff soil at dredge
level. It seems that there is some scope for using less
stiff retaining walls without incurring significant ad
ditional movements. _

2. The data forthe Thomcastle St. site, presented in
this paper, agrees with the published data.. This in
cludes some relatively large movements being ob
served at one location where over-excavation ex
posed solt soil conditions at dredge level.
3. The beam - spring software FREW, which is
commonly used in Ireland, produced poor predic
tions of the measured wall response. This is due to
limitation in the manner in which the program deals
with shear 'stress behind the wall.

4. Encouraging results 'were obtained form the geo
technical finite element software PLAXIS for both

the magnitude- of wall displacement and the dis
placement/ time response.
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