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Sustainability, damage and related issues arising from piling near existing buildings. 
La soutenabilité, le dommage et des autres conséquences des piles prêt aux bâtiments existantes.  

Dr David M. Tonks  
Senior Principal, Coffey Geotechnics Ltd   david_tonks@coffey.com 

ABSTRACT 
New piling close to existing buildings is commonly carried out with a high level of success.  However, there can be significant risks 
and on occasions damage does materialize. This is of particular consequence to old structures of archeological or cultural importance, 
especially in congested city centres where there may be little available space. Performance has much to do with the structures and 
their foundations, as well as the piling operations.  Success depends crucially on satisfactory identification of the risks and on the 
measures adopted to manage these.  It also depends on satisfactory communication and ownership of the risks between the parties,
which can be complex.  The paper considers two recent cases and some lessons that can be drawn.  It goes on to consider future-
proofing to make new foundations more sustainable and less vulnerable to future activities nearby. 

RÉSUMÉ
La construction des piles nouvelles toutes prêt aux bâtiments existants se fait d’habitude avec grand succès.  Cependant, il peut y 
avoir des risques significatives et des damages arrivent parfois.  Ceci est de conséquence particulière aux vieilles structures
d’importance archéologiques ou culturelles, surtout aux centre-villes où il y a peu d’espace disponible.  La performance est 
déterminée par les structures et leurs fondations, aussi bien que les processus de la construction des piles.  Le sucèss dépend
essentiellement de l’identification satisfaisante des risques et les mesures pris pour les gérer.  Il dépend aussi de la communication et 
de la propriété des risques entres les partis, ce qui peur être compliqué. Cette étude examine deux exemples récentes et quelques 
leçons appris.  On examine aussi les préparations à l’égard de la future pour faire les fondations nouvelles plus soutenabiles et moins 
vulnérable aux travaux voisins.    
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1 INTRODUCTION   

This paper arises from the writer’s experiences on a number of 
recent projects where new piling close to existing buildings has 
caused damage and/or raised significant concerns.  Some of the 
cases have led to substantial disputes.  Some involve significant 
old structures or facades of historical or archeological 
importance. Two examples are given, based on case histories, 
modified to avoid areas of possible contention (which are not 
the point of this paper) and include some additional features 
encountered elsewhere. It is appropriate to note that damage 
often involves a ‘syndrome’ of possible causes and interactions, 
and responsibilities are often complex. 

The paper goes on to consider the issues more generally and 
lessons that can be drawn, including:-  

• Identification and management of risks  
• Nature and knowledge of existing foundations   
• Adequacy of records   
• Appropriate investigations.   
• Options and issues in new pile selection and design     
• Control of new piling operations, and records    
• Use of the observational method and monitoring    
• Future-proofing new foundations to be less vulnerable 

to future adjacent construction.   
There has been substantial work on foundation-related 

damage (e.g. Burland 2001, Burghignoli et al 2007). For present 
purposes, suffice it to say that from all this there is nowadays a 
reasonable appreciation of what actions and movements 
different types of structures can or should accommodate. 

2 CONTINOUS FLIGHT AUGER (CFA) PILING NEAR 
OLD AND RECENT PILED STRUCTURES 

A Victorian city centre theatre was recently extended on to the 
adjacent plot with a 4 storey steel frame structure.  The theatre 
was founded on a forest of timber piles believed to have been 
driven to refusal into medium dense sands at about 9m depth 
beneath very soft clays with some peat. This structure suffered 
no significant movement or distress for over 100 years.  

The new extension for additional facilities was relatively 
light; piled ground beams and individual bases were used, with 
450mm Continuous Flight Auger (CFA) piles through the soft 
deposits to depths varying from about 15 to 20m to suit the 
specified variable design loads.  This was all completed with no 
movement or damage to the theatre.   

A new high rise tower was then constructed on the far side 
of the extension, with rather higher loadings (Fig. 1). Again 
CFA piles were chosen, but on this occasion 600mm diameter, 
taken rather deeper to about 24m. As this piling proceeded, 
damage was observed to the extension, with the foundation 
tilting about 25mm downwards adjacent to the new piling, but 
no vertical movement at the junction with the theatre. There was 
also some lateral movement towards the new piling. A 
corresponding crack opened up between the new building and 
theatre (the latter showing no signs of movement or damage).   

The situation has since been stable, but the new building 
probably does not enjoy the factors of safety originally planned.  
As such it could be more vulnerable to future changes and could 
be considered less sustainable.   
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Figure  1  Schematic Section of the various foundations.

2.1   Scheme designs. Ground conditions and site investigations  

The ground conditions were reasonably well-established from 
existing local knowledge, desk study, but only a single 
borehole, summarized on Fig. 1.  Both foundation schemes were 
designed to factors of safety of 2.5. However, the tower pile 
design took a more cautious interpretation of the same SI data.  

Later investigations revealed some rather mixed ground 
conditions below the soft clays, with layers of sands and clays 
of quite varying competence in places, generally more akin to 
the more cautious interpretation. The extension piles thus may 
not have had the factors of safety originally supposed.  This 
serves simply to re-assert the importance of adequate 
investigation, even when there may be considerable local 
knowledge.  

Both pile designs made no allowance for downdrag or 
negative skin friction (NSF). The very soft clays could be 
expected to induce NSF if loaded, but all the new loading was 
intended to be taken on the piles. The design was not explicitly 
required to cater for effects of future piling or other changes – 
although it may implicitly have been supposed that the factor of 
safety would allow for such. 

Full NSF in the 9m of soft clay would add about 50% to the 
design loadings, implying increased movements, but probably 
still not exceeding about 10mm, in contrast to the 25mm that 
occurred. Either the adjacent piling induced NSF to 
considerably greater depths than base of soft deposits, or other 
factors were at play.    

The extension scheme anticipated no bending moments or 
lateral loadings from the structure or from the ground. Hence 
there was no restraint to the lateral forces and movements which 
occurred. The new tower piles made nominal allowance for 
such; not expected and not explicitly required but precautionary 
and perhaps a prudent feature of designing for sustainability. 

2.2 Piling operations  

CFA piling needs particular care.  A recent paper by Windle and 
Suckling, 2007, gives a nice summary of some of the issues.  
Here, both piling operations were instrumented, generally in 
accordance with current practice. However, there were 
shortcomings and some missing data not suitably rectified, so 
that neither set of piles could be confirmed to be fully 
compliant. Complete and satisfactory records for CFA piling are 
of considerable importance and value for all parties. There were 
occasional problems with some of the piling equipment which 
could not be fully validated.  

Risks of flighting with CFA piles under some conditions 
(particularly some water-bearing sands) whereby extraction of 
materials up the rotating auger exceeds the volume occupied by 

the penetration of the auger, have been quite well-known for 
some years (see e.g. Fleming 1995). Common guidance is to 
ensure a rate of penetration exceeding 125 - 200mm / rev (i.e. <  
5 - 8 revs/metre). This requires an adequately powered rig to 
suit the pile length and diameter, relative to ground conditions. 

The records showed no particular problems here (but with 
some significant gaps). Nevertheless, it is conceivable that 
excess material was removed during operations, leading to NSF 
possibly extending to substantial depths in sands and clays 
underlying the very soft clays.  One theory is that rotation of the 
auger during extraction (to suit auger cleaner devices) can lead 
to excess removal of material during the extraction and 
concreting stage.   

On examination, the extension pile records showed various 
instances of potential pile defects, particularly in respect of 
shortages of concrete volume and in some cases breaks, to the 
extent that the integrity of the piles was in some doubt.   

The example illustrates the importance of validating all 
aspects of design and construction for piled foundations. On this 
occasion independent checking revealed potential shortcomings 
and areas of concern in both the design and construction, and 
for both the existing (recently constructed) foundations and the 
new adjacent piling.    

3 BORED SECANT WALL ADJACENT TO FACADE   

In the second case considered here, an impressive, listed 19th 
Century façade, some 20m high was to be retained, whilst a new 
basement was constructed to about 5m depth, with a secant 
bored pile wall immediately adjacent to the footing.  The inside 
of the building was demolished and the façade supported by a 
(piled) retention system (FRS) throughout the works. This 
restraint system somewhat complicated understanding of 
subsequent movement monitoring data. 

The specification limited vertical and horizontal movements 
of the foundation each to 25mm total, through the piling and 
construction stages to completion of the basement. Differential 
movements were in essence to be kept to less than 10mm, 
although the detailed interpretation was ambiguous. The scheme 
was designed to control movements accordingly with limited 
propping, for efficient construction. 

In the event the specified limits on movement were 
exceeded in one area (only) during pile installation. With the 
main predicted movements still to arise from the basement 
excavation stages, a much more extensive propping system was 
required, which led to considerable delay and extra cost. Fig. 2 
shows a schematic section of the footing and proximity of piled 
wall to the façade footing, together with the critical stages of the 
construction sequence. The wall was designed to just meet the 
specified movement requirements during the excavation stages 
with limited temporary propping from thrust blocks.  

Figure  2.  Schematic section of the affected area.   
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3.1 Ground conditions and site investigations  

The ground conditions were quite well established and appear to 
have been very uniform around the site. The unexpected 
movements were not attributed to locally different ground 
conditions in the affected areas.    

Groundwater was about 3m below the existing footings. It is 
possible that the foundations had experienced higher 
groundwater on occasions over their 100+ year life, due to 
flooding and leakages from adjacent services. However, there 
was no evidence of localized distress.  

Several leakages occurred at the time of the works.  These 
had some correspondence to the area of greatest settlement and 
may constitute the main cause of the different behaviour of this 
area.  Groundwater rising beneath the old footings would reduce 
the bearing capacity and could cause significant settlement.   

Following the piling, construction dewatering lowered the 
water table from about 3m to 6m depth to permit excavation 
and basement construction. Predicted settlements due to 
dewatering were of the order of 5-10mm. In the event, this 
operation did not lead to significant movements of the façade 
(but by then the excavation was more heavily propped than 
originally planned.)   

3.2 Existing foundations   

Details of the original footings were deduced from limited 
records and trial pits.  These footings were assessed to have 
loadings up to about 500kN/m run on medium dense to dense 
sands; unduly close to the ultimate bearing capacity as assessed 
by conventional formulae. As such, the structure might be 
expected to have experienced 25mm settlement or more during 
its original construction. Depth of embedment of the footing 
provided a significant component of the bearing capacity, but 
this was locally variable with various old basements and wells. 
It appears no prior assessments of the effects of excavation on 
bearing capacity were made.  

The stone façade did not show evidence of particular 
damage and appears to have satisfactorily accommodated a 
range of past uses, and hence loadings, over more than 100 
years (although fuller pre-demolition records would have been 
desirable to validate this).      

In the event an area of higher footing was encountered 
during excavation for the guide wall, corresponding somewhat 
to the area which settled most, as might be expected. The reason 
for the unexpected higher footing level is not known. (The 
builders might have started here and gone deeper as they 
followed the dig, or become more cautious in contemplating the 
mass of the façade and structure envisaged, but this is only 
speculation, with no evidence of past localised movement or 
differences in the superstructure. However, the facts as found, if 
previously known, might have changed the present scheme.)  

3.3 Scheme and calculations   

The basement scheme was developed jointly between the 
Engineer, Main Contractor and chosen Piling Contractor, with 
particular emphasis on providing a sufficiently stiff piled wall to 
minimize the need for internal support and heavy propping.  
This would leave most of the excavated area relatively clear for 
efficient construction of the complex internal foundation 
arrangements.  Various possible schemes were considered and 
scheme adopted was selected as most appropriately addressing 
the perceived risks, rather than on price alone. 

The designers predicted horizontal movements using 
conventional methods, essentially in accordance with CIRIA 
580: 2003.  From this the piles and support arrangements were 
carefully designed to just meet the specified requirements.  
What was perhaps not so clear was the certainty and tolerances 
in the design assumptions and hence in the predictions.  Most of 
the movement was predicted to occur during the excavation 
stages and the scheme designed accordingly 

In the event, facade movements during the first stage, for 
construction of the piled wall (i.e. prior to the main excavation 
stages), were generally in the range 5 to 10mm, in line with 
expectations, except in one area.   

3.4 Piling operations  

The secant wall involved 600mm diameter CFA female piles 
keyed just into the rock.  These were installed without particular 
problems. The male piles were 900mm diameter, with casing 
keyed into the rock, then progressed in open hole below.  
Initially they proceeded satisfactorily, but then localized 
settlements of around 20mm were reported in the façade in one 
corner of the building. At this stage monitoring readings were 
weekly, so it was not possible to narrow the movements down 
to a particular day.   

The piling records were to current good practice and 
generally satisfactory. There were no evident differences in 
these between the area affected and elsewhere. There were some 
uncertainties in the absence of independent checking and 
validation which may have increased confidence.  In the event 
the abnormal movements could not be ascribed to identifiable 
shortcoming in the piling operations. Hence there was no 
adequate confidence at the time as to what further movements 
might occur elsewhere around the site. (A few piles encountered 
problems with casing or reinforcement getting stuck and had to 
be re-bored, but the abnormal movements did not particularly 
correspond to such events.)  

3.5 Post construction studies  

Independent review after the event identified the various 
possible causes described above for the abnormal movements, 
but the parties were unable, even with the benefit of hindsight, 
to reach agreement. Whilst the contractor’s team saw the 
elevated footings and contemporary leakages as the obvious and 
probable causes, the client team tended to focus on the piling 
operations.  Without agreement at the time as to the cause(s), 
and hence appropriate mitigation and control measures going 
forward, the parties had little choice but to adopt substantially 
more robust propping (or accept the risks of movements 
exceeding specification.)   

In conclusion, the problem here was unforeseen localised 
behaviour having more generalized consequence and hence 
leading to a change in the design and construction measures to 
avoid future damage, rather than damage itself. The 
consequences in delay and cost were, nevertheless, very 
substantial.   

4 SOME ISSUES AND  RECOMMENDATIONS    

4.1 Identification and management of risks  

Most modern foundations are designed to substantial factors of 
safety to various codes of practices and are relatively ‘robust’.  
They can thus tolerate considerable use (and abuse).  Problems 
perhaps most frequently arise where this is not the case. 

Recent trends towards increasingly economic piled 
foundations are to be welcomed, not least on the grounds of 
sustainability and optimizing use of materials.  However they 
must be accompanied by consistent and adequate identification, 
communication and recording of risks 

Some foundations may be just ‘asking for trouble’ e.g. if 
they are more sensitive and / or less forgiving than might 
reasonably be expected.  Examples may include unusual details, 
perhaps especially unusual geometries; mixed piles or variable 
types or lengths; odd piles and outliers (not parts of groups), 
and situations where there is no in-build redundancy.   

Conversely, it may, in some cases, be desirable to adopt a 
raft/ cap incorporating many piles, rather than simply supported 
piled beams relying unduly on individual piles. 
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Problems and damage frequently relate to ‘details’ which 
differ from the norm, as expected, or indeed as may have been 
proven elsewhere. (The author is mindful of several gable wall 
collapses where no adequate prior investigation was done and 
foundations differed critically from ‘expectations’. In one case, 
excavation for piling commenced adjacent to a supposedly 
adequate 19th Century foundation, but this was absent a few 
metres away. Children in a nursery in the old mill building 
which collapsed were evacuated only in the nick of time). 

4.2 Geological imperfections  

Poulos 2005, in his Terzaghi lecture, addresses ‘Pile behavior – 
consequences of geological and construction imperfections’.  
He discusses ‘sources of imperfection’, some ‘avoidable’ others 
perhaps not, and gives many interesting examples, together with 
ways of addressing such situations as:- 

• Clay seams below rock socket     
• Strata of variable thickness and sloping bedrock 
• Compressible strata below founding stratum  
• Piles founded on boulders.   

Many other cases could be envisaged.  Whilst each situation 
will be unique in its combinations of factors and issues, there 
are often patterns familiar from experience.   

Perhaps the most significant and disturbing feature of cases 
where problems arise is the common absence of data on key 
features of consequence – eloquent in itself. The importance of 
appropriate investigations and development of valid conceptual 
models (including posing and ‘testing’ appropriate ‘what if’ 
type questions) cannot be over-emphasised.  

4.3   Construction imperfections  

Likewise some construction imperfections can be anticipated; 
the issue is the significance of such and their management.  
Most should be avoided or corrected by appropriate site control.  
Others may be unavoidable, but may need rapid identification 
and solutions to be agreed as the work proceeds.   

Control of piling operations and records are central to this. 
When the facts are established, suitable answers can normally 
be found.  It is perhaps surprising that in places more attention 
is not paid to independent validation and checking, noting the 
considerable importance of such records during construction, as 
well as for any future needs.   

It is normally entirely appropriate and in the interests of all 
the parties for the design team to be closely involved with site 
operations, both to verify design assumptions and to 
independently monitor construction operations, identify and 
manage such imperfections as may arise.  

Space precludes further discussion of other situations and 
pile types here; it is planned to extend this review in future 
papers.     

4.4   Sustainability and future-proofing new foundations   

Sustainability can and should nowadays be built into 
foundations, consistent with the structure itself (Tonks et al, 
2003). In the first instance this means optimizing the use of 
construction materials by efficient design (e.g. not using piles 
which are not needed).  However, this may include anticipating 
changes and making reasonable provision for eventual 
demolition; possible re-use or even change of use (e.g. a piled 
raft may allow a later change of superstructure). Details of the 
existing foundations will increasingly affect the scope and 
hence costs of future developments.  The foundations then may 
be either an asset or a liability.  

Probably the best ‘future proofing’ comes from obtaining 
and keeping adequate records (as illustrated in the above  

examples). SPERWALL (ICE, 2008) and suchlike are 
invaluable here.  The records should be carefully planned with 
regard to what may need to be relied on for future use, as well 
as ensuring adequate confidence in the design and construction.   

Particular attention should be given to records of anomolies, 
imperfections and any special measures taken, which might 
otherwise not be reasonably anticipated by a future user.  

A relatively common sustainability issue is the failure of a 
component rendering the overall system, or a substantial part, 
useless or disproportionately affected.  

4.5 Observational method, monitoring and performance

The observational method and related monitoring are normally 
seen as enabling benefits during construction.  But the approach 
can also yield much useful data of future value.  For instance 
the testing may show piled foundations to range from marginal 
to very ample, leading to very different approaches to future 
works in the vicinity. It may also identify local areas of 
significant differences in the ground or the foundations.     

Early warning systems can follow naturally from risk 
identification and provide valid risk management options. There 
are particular needs for better performance data and more 
intelligent “live” monitoring, especially for key design events.  

5 CONCLUSIONS 

New piling close to existing buildings is commonly carried out 
with a high degree of success.  Where problems do arise, they 
commonly relate to incorrect assumptions about the ground 
and/or the existing foundations, in the absence of appropriate 
records and/or investigation.   

Sustainable foundations for the future depend crucially on 
robust designs to minimize risks and then on adequately 
recording all relevant features encountered so that future users 
and developers are faced with no unwelcome surprises.  
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