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Introduction

 A few definitions

 Responsibilities of the ‘Designer’

 How do you choose the appropriate technique?

 Available guidance

 What is the ground treatment going to achieve?

 What information is required for design?



Definitions

 Ground Treatment

 More common techniques covered by seminar:

 Vibro – compaction or replacement

 DC – heavy, rapid impact or surface tamping

 Excavate & replace

 Other techniques:

 Soil mix or lime columns

 Grouting, freezing, chemical or electrical



Vibro Compaction



Vibro replacement



Dynamic Compaction



Rapid Impact Compaction



Rapid Impact Compaction



High Energy Impact Compaction



High Energy Impact Compaction



A Few Definitions

 The Various Parties:

 Client:

 specifies requirements

 Engineer:

 responsible for overall design

 Main Contractor:

 temporary works and main construction

 Specialist Contractor:

 designs and installs the treatment



A Few Definitions

 Calculations & Design:

 Engineer is usually responsible for the overall 
design of the structure

 The Specialist Contractor may carry out bearing 
capacity and settlement calculations but can 
only be responsible for the ground treatment 
and not the overall behaviour of the structure



Responsibilities of Designer

Structural design by 
Engineer or 

possibly D&B 
contractor

Ground treatment design 
and installation by 

Specialist Contractor

Construction of foundations and 
structure by Main Contractor

GI by Site 
Investigation 
Contractor



A Few Definitions

 The Designer

 The ‘Designer’ must be defined as the person 
responsible for overall behaviour

 In many cases this will be the Engineer

 For design and build, this will be the Main 
Contractor

 The ‘Designer’ may require ‘calculations’ to be 
done by others



Responsibilities of Designer

 Needs to know how the ground treatment, 
foundations and structure interact

 Needs to specify loads and performance criteria, 
either in terms of a bearing capacity or allowable 
settlement or a combination of both

 Needs to provide other design information such as 
site investigation data, applicable codes and 
specifications



Responsibilities of Designer

 Most ground treatment is performed to allow use of 
traditional pad, strip or slab foundations which 
greatly simplifies the construction process

 The designer needs to be aware that in some 
situations, treated soil and the resultant behaviour 
of the foundations may still not match what could 
be achieved on good ground that does not need 
improvement



Choosing the Type of Treatment

 Type of Structure:

 Settlements below flexible structures such as 
earthworks or embankments are rarely an issue

 Structures such as steel framed sheds can cater 
for larger total or differential settlement

 Large span structures are more tolerant

 Cladding or internal walls can be problematic as 
they are less tolerant to differential movements



Choosing the Type of Treatment

 Loading needs to be considered:

 Dead load and live load split is important

 Realistic long term live load may only be 25%

 Load distribution is important particularly for 
floor slabs

 Depth of influence:

 Pads or strips – limited to 2 to 3B depth

 Slabs or rafts – little load reduction with depth 
because B can be large



Choosing the Type of Treatment

 Settlement or bearing capacity?

 Bearing capacity is usually more important for 
pad or strip foundations although settlements 
are still important

 The bearing capacity for a raft or slab is not 
normally an issue – settlements can be much 
more critical

 Identify the critical performance criteria



Choosing the Type of Treatment

 Ground Conditions

 Variability – vertical and horizontal

 Depth and extent of ground to be treated

 Soft organic clays or peats – problem for 
techniques that require ground support

 Clays – need techniques that reinforce

 Sands – can be densified or compacted

 Fills – difficult due to variability



Choosing the Type of Treatment

 Discrete points where support to the structural 
foundations is not continuous:

 Vibro stone columns

 Vibro concrete columns (VCC)

 Compaction grouting

 Soil mix or lime columns

 Foundations will need to be able to span between 
support points



Choosing the Type of Treatment

 Techniques that require ground support:

 Vibro replacement in clays or mixed fills

 Some grouting methods

 Alternatives include:

 Vibro concrete columns

 Piles

 Excavate and replace



Choosing the Type of Treatment

 Area treatment where the ground is improved as a 
mass and support to foundations is uniform and 
continuous:

 Vibro replacement

 Dynamic compaction

 Rapid impact compaction

 High energy impact compaction



Choosing the Type of Treatment

 Shallow improvement with stronger and stiffer 
treated soil over weak or more compressible soil:

 Partial depth vibro compaction or replacement

 Shallow influence associated with lower energy 
methods such as the rapid impact compaction or 
shaped roller techniques

 Cheaper than full depth treatment but will always 
result in larger settlements



Choosing the Type of Treatment

 Load transfer platforms (LTP) based on use of 
geogrid or other geosynthetic reinforcement and 
well compacted granular fills can help to spread 
load more uniformly

 LTP can span between supports

 Stiffer surface layer or dessicated zone can also 
assist in load spread



Available Guidance

 ICE Specification

 BRE Publications

 CIRIA Publications

 Text Books and Conferences



ICE Specification



Building on Fill

BRE
Charles

Useful guide covering 
geotechnical aspects 
of building on fill

2nd edition by Charles 
& Watts now available



A Guide to Ground Treatment

CIRIA C573
Mitchell & Jardine

A good general guide 
to ground treatment



Treated Ground

CIRIA C572
Charles & Watts

State of the Art guide 
covering engineering 
properties and 
performance of treated 
ground



Building on Derelict Land

CIRIA SP72
Leach & Goodger

Useful general guide 
covering a wide range 
of issues including 
ground treatment



Ground Improvement

Edited by
M.P. Moseley

2nd edition due
May 2004



Behaviour of Treated Ground

 Bearing Capacity

 Individual columns – capacity & failure mode

 Group effect – intermediate soil support 
increases capacity – unit cell

 Increased soil shear strength c’ & ø’ for bearing 
capacity of foundations or for slope stability



Concept of Unit Cell Area



Behaviour of Treated Ground

 Settlements

 Densification in sands & gravels:

 Vibro causes direct horizontal compaction & 
indirect vertical compaction due to vibration

 DC causes direct vertical compaction

 Rapid impact compaction and surface tamping 
similar to DC but with reduced depth of influence

 Increased density results in increased stiffness 
and reduced settlement



Behaviour of Treated Ground

 Settlements

 Reinforcement in clays

 Columns provide a vertical stiffening effect with a 
greater share of load carried by the column

 Stone columns rely on ground support

 VCC or soil mix require less support

 Calculations usually based on:

 Priebe (1976, 1988 & 1995)

 Baumann & Bauer (1974)



Load Share Between Column & Soil



Behaviour of Treated Ground

 Depth of influence:

 Pads or strips – influence of load is limited to 2 
to 3B depth

 Slabs or rafts – little load reduction with depth 
because B can be large

 Need to consider interaction between footings 
and slabs



Depth of Influence

Slab Footing

2 x B



Design Information

 Site Investigation:

 Deep enough to identify stiff or strong soil

 Coverage over the site must be sufficient

 GI must be representative of soils to be treated

 Variable soils & fills – need more GI

 Trial pits very useful to determine variability



Design Information

 Soil Properties:

 Need soil strength – Cu, N, c’ & ø’

 Need soil stiffness – ν, Eu & E’

 In reality, it is very rare to have even basic design 
soil properties such as Cu or N

 Other properties are often based on experience or 
empirical relationships with basic data

 Therefore do not expect an exact design



What Does the Designer Need

 Treatment proposals:

 Extent – whole site or footprint only

 Full depth or partial depth treatment

 Type of ground treatment

 Basis data is necessary to judge the proposed 
ground treatment before acceptance



What Does the Designer Need

 Vibro replacement:

 Top feed or bottom feed

 Treatment grid – triangular or square spacing

 Depth of columns

 Diameter of columns

 Proposed testing



What Does the Designer Need

 Vibro compaction:

 Diameter of vibroflot

 Treatment grid – triangular or square spacing

 Depth of compaction

 Proposed testing



What Does the Designer Need

 Dynamic compaction

 Compaction energy – weight x drop height

 Treatment grid

 Number of passes

 Proposed testing

 Rapid impact compaction & surface tamping

 Similar details required



Testing

 Must measure appropriate property

 Vibro replacement – difficult to judge unless 
carrying out zone tests over wide area

 Plate tests generally give little help

 Vibro compaction, dynamic compaction and 
other area treatments can be more easily 
assessed using SPT or CPT



Conclusions

 Designer must understand how the structure, 
foundations and ground treatment interact

 Designer must specify what the chosen ground 
treatment is required to achieve

 Sufficient design information is required to properly 
determine the treatment proposals

 Good communication between ‘Designer’ and 
specialist contractor is essential


