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1. INTRODUCTION

Module 4 of the IEI course deals with the design and construction of retaining
structures, deep excavations and dewatering. The lectures forming the module will
provide a background to earth pressure theory and will cover design of gravity walls,
embedded retaining walls and reinforced soil structures. Other lectures will cover
construction of retaining walls, anchors and props, and will deal with dewatering and
below ground waterproofing. Specifications and standards will also be addressed
with the session concluding with a detailed case history.

Design of retaining walls has changed little since the publication of the British Code
of Practice CP2. Keynote publications that have updated guidance are CIRIA report
104 (1985), the British Code of Practice BS8002 (1994) and Eurocode 7 (1995).
However, none of these adequately cover the major advances that have been made
in the analysis of walls at working stresses and the prediction of wall displacements
using computer methods. Although these methods are now widely used, from a
practitioner's point of view it is clear that considerable research is still required to
establish meaningful input parameters, in particular soil stiffness and insitu stresses.
It is hoped that this course will provide some clarity and explanation to an extremely
important section of the building and civil engineering industry.

This first presentation will attempt to give an overview of the use of retaining
structures for both temporary and permanent works. Many of the later lectures will
cover particular design or construction aspects in more detail.

2. WHY USE RETAINING WALLS

Improvements in infrastructure and redevelopment particularly of inner city areas
has resulted in a substantial increase in the need for carrying out excavations for
building. Often these excavations are formed with vertical or steeply sloped faces
which require support to prevent collapse, to minimise ground movements or to
control groundwater.

Steeply sloped excavations will be problematic for most soils to a greater or lesser
extent. It is clear that forming vertical or steeply faced slopes in unstable soils such
as sands and gravels will be extremely difficult, particularly below the water table.
However, perhaps more difficult for the designer to deal with are the cohesive soils
such as clays and weak mudstones where it is possible to form a vertical cut which
appears stable, but with time, softening and stress relief will result in instability and
possible failure.

Without support, the face of an excavation may collapse resulting in a major hazard
to the work force and the general public, severe disruption to the excavation works
and possible damage to adjacent services or structures. The consequential costs of
remedial works following a collapse can often be several orders greater than the
cost of providing support in the first place. Retaining structures offer an economic
means of providing this support while at the same time eliminating certain hazards
and resulting in a significant reduction in risk.



Less obvious is the need to prevent horizontal ground movements and settlement
behind the excavated face. In many instances, these movements are sufficient to
cause severe damage to adjacent services and structures. Even when suitable
support is being provided to prevent collapse of an excavation, the possibility of
damaging ground movements needs to be considered.

Control of groundwater is also very important when carrying out excavation works
below the water table. Dealing with large inflows of water can be costly requiring
specialist dewatering techniques. Water inflow into an excavation can cause flooding
and severe disruption to construction, or may wash fines from the soil. Consolidation
behind the excavated face may also occur. This together with the loss of fines could
result in large settlements and consequential damage to adjacent structures or
services.

3. KEY APPLICATIONS

Retaining walls can be used for both temporary works where support is required only
for a short period during construction, or for permanent works. In most cases, the
approach adopted for design for either condition will be identical. However,
temporary works design may include allowance for short term behaviour of soils,
dewatering or lower acceptable factors of safety. Permanent works need to consider
long term fully drained behaviour of soil, possible extreme variations in groundwater
level or loadings.

Examples of temporary works applications could include:

Basement construction
Excavations for services
Cut and cover tunnels

Examples of permanent works applications could include:

Basement perimeter walls

Road, rail or canal cuttings
Perimeter walls to building platforms
Slope retention

River bank retaining walls

Harbour works

Bridge abutments

4. OPTIONS FOR RETAINING WALLS

There are many possible types of retaining wall from the traditional masonry gravity
wall or reinforced concrete cantilever wall, through embedded walls such as sheet
piling, diaphragm walls or piled walls. It will not be possible to cover every form of
wall, particularly the proprietary systems for crib walls, gabion walls, soil nails, king
post walls or walls formed using soil mixing or jet grouting techniques.

The simplest type of retaining structure is the gravity wall. This form of wall is very
simple to construct from brick or masonry. The method of construction has been in



use for many hundreds of years with many historical examples still in evidence. As
the name implies, a gravity wall derives stability from the self weight of the structure
resisting the earth pressures on the back of the wall. Examples of proprietary gravity
walls include reinforced earth walls, soil nail walls, crib walls, gabion walls and some
walls formed using soil mixing or jet grouting techniques.

Reinforced concrete stem or cantilever walls are also commonly used. These differ
from gravity walls in that horizontal earth pressures acting on the back of the wall are
resisted by development of bending moments between the stem or cantilever and
the foundation base. Restraint is provided by a combination of the foundation
bearing pressure and the weight of soil acting on the rear of the base. Cantilever
walls are commonly used for highway bridge abutments or for shallow basements
built within a battered cut. This form of wall is often used in conjunction with piles to
enhance the bearing capacity and sliding resistance.

Embedded retaining walls are more common where unstable ground conditions are
encountered or where excavations are required at depth below the groundwater
table. These types of wall are installed before the start of excavation and can act in
cantilever or as a propped cantilever. Traditionally embedded walls have been
formed using steel sheet piling. However, their use has become more popular with
the advent of bored pile, secant pile and diaphragm walls. Embedded walls mobilise
passive soil resistance from the soil in front of the wall to resist active soil loading
from the soil at the back of the wall.

Other types of retaining wall include combination walls such as a king post and
board walls, or arch and ring walls that act by resisting earth pressure loads by
developing hoop stresses.

5. WALL SUPPORT

Behaviour of a number of the types of wall briefly described above can be enhanced
by the use of various external support systems. These range from use of temporary
soil berms during construction, buttress walls, struts, props, ring beams and ground
anchorages. Some of these wall support options will be discussed during later
presentations.

6. GROUNDWATER CONTROL

As mentioned earlier, retaining walls are often required where excavation is
proposed below the water table. Choice of wall type is influenced by the need to
control groundwater, with embedded walls being particularly successful in dealing
with this problem. Consideration of the long term effects of groundwater should also
take into account potential extreme events and flooding, and the dangers of drains,
weep holes or drainage layers becoming clogged.

Typical methods that have been successfully used to control groundwater are listed
below:

Drainage
Pumping from sumps



Dewatering using well points
Dewatering using deep wells
Cut off walls

Permeation grouting

Fissure grouting

Jet grouting

Mass concrete sealing gaps
Sprayed concrete
Interlocking piles

It is important to note that no type of retaining wall can totally eliminate water inflow
and seepage, particularly that occurring below the base of the wall. Some walls will
require lining or facing to provide a fully waterproof basement. Groundwater control
may also be provided by permanent drainage to the soil behind the wall, in the gaps
between piles, or by using a drained cavity form of construction. Deep cut off walls
can be installed to reduce inflow from depth.

These aspects will be covered more fully in later presentations.
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Why use retaining walls

» EXxcavations are often formed with vertical or
steeply sloped faces

n Support Is required:
0 to prevent collapse
0 to minimise ground movements
0 to control groundwater



Supported excavations

Excavated face requires support to
prevent collapse, to control
groundwater and to minimise
ground movements

Excavation below the water table, through unstable soils and
close to existing services or structures




Collapse of unsupported
excavations

Possible damage to
adjacent services or
structures

Severe disruption to
excavation works




Problems with ground movements

Horizontal ground movements and
settlements can cause severe
damage to adjacent services and
structures




Problems with groundwater

Loss of fines and consolidation may
result in severe damage to adjacent
services or structures

Water inflow and washing of fines into
excavation leading to possible flooding
and disruption




Key applications

» Temporary Works
0 Basement Construction
0 Excavations for services
o Cut and cover tunnels



Key applications

» Permanent Works
0 Basement perimeter walls

0 Road, rail or canal cuttings
0 Building platforms

0 Slope retention

0 River bank retaining walls

0 Harbour works

0 Bridge abutments



Retaining walls options

» Gravity walls

» Reinforced concrete cantilever
» Embedded walls

» Other types



Gravity walls

Gravity walls derive stability from the
self weight of the structure

Loading

Gravity walls generally only
suitable for shallow
excavations in relatively
stable soils away from
adjacent roads, services or
structures

Self weight

e

Resistance




Reinforced concrete cantilever
walls

Cantilever walls derive their
stability by balancing the
foundation bearing resistance
against the overturning effect
of the active wall pressures

Loading

Reinforced cantilever walls
are suitable for shallow to ‘ : |

medium depth excavations =
in relatively stable soils Resistance
where groundwater is not a
major problem




Embedded walls

Structural
member

Embedded retaining walls
are suitable for all depths of
excavation in stable or

unstable soils

Loading

4_ Resistance

Soil stresses




Wall support

Cantilever Internal strutting

Soil berms Ground anchorages

~— 1

Reduced wall movements
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Groundwater control

Pumping from sumps Impermeable wall

Dewatering Permeation or jet grouting
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