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ABSTRACT: A greater emphasis on sustainability and increased ground congestion in urban areas has made foundation reuse 
increasingly important. While several decision-making aids and assessment tools have been developed, none have been 
independently assessed. The aim of this project is to analyse three prominent assessment tools through their application to five 
cases. Through the comparison and analysis of the five case studies and the applied assessment methods, benefits and 
difficulties associated with their usage became apparent. Observations were made and which led to recommendations on how 
these difficulties could be overcome. 
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1 INTRODUCTION	  

With increased interest in foundation reuse, have come various 
proposals for assessment tools (e.g. [1,2]). To date, however, 
there has not yet been a critical assessment of the effectiveness 
and appropriateness of these systems.  As such, this paper 
provides a preliminary assessment of three of these system 
using five previously published cases histories.  

2 SYSTEMS	  

The following systems were considered:  (1) the Modified 
SPEAR method; (2) the RuFUS assessment method; and (3) the 
CIRIA method. 

2.1 Modified	  Spear	  Method	  

The Sustainable Project Appraisal Routine (SPeAR) was a 
quadrant-based bull’s eye chart originally intended for the 
design of infrastructure, master-plans, and individual buildings. 
Strauss et al. [3] then applied it for assessing foundation reuse 
using the quadrants of environment, societal, economic and 
natural resources to represent the universal indicators/main 
drivers [4]. Each was sub-divided into two sub-categories and 
seven levels. Shading closer to the centre indicated higher 
drivers for sustainability [5]. McGregor et al. [4] lists the 
advantages of the SPeAR method as allowing the sustainability 
of a project to be evaluated and illustrated in all stages of a 
project, with inter-relationships visible between indicators. 
Laefer [6] then proposed to make this visual assessment tool 
quantitative. The original 8 sub-categories were used but with 6 
quantitative levels, instead of 7 qualitative ones. These are 
explained briefly below. 
 

1. Site location relates to the percentage of unprotected 
greenfield sites in a community.   

2. Archaeology and historical constraints focus on whether 
individual properties have an architectural designation and 
are protected structures or in historical areas.  

3. Geological conditions depend on the difficulty of building 
on the existing materials.  

4. Sustainability and material reuse are determined by the 
amount of construction material that is installed within the 
ground, which reflects the existing embodied energy. 

5. Land value and cash flow projections are determined by 
monthly rent for a ground floor retail unit within the area 
and the median monthly household income.  

6. Construction costs are determined using a variant of the 
Big Mac Index [7] with the cost of a Big Mac closest to 
the site being divided into the cost of a cubic meter of 
ready-mix concrete.  

7. Consistency relates to how long a company has been at 
that location.    

8. Approvals and development risk are linked to the average 
planning application length.   

 

 
 

Figure 1. Modified SpeAR assessment method. 

Each factor is divided into a six-point scale (compared to the 
seven-point scale of the original SPeAR model) [3]. The 
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revised method can be used to compare foundation reuse and its 
drivers in different cities. The first level is for the worst-case 
scenario, the risks and effects reduce as the level increases and 
moves away from the target centre.   

Laefer [6] also recognized that the drivers used within the 
model focus mainly on the planning and environmental aspects. 
The drivers used do not include some major aspects that should 
be considered such as the quality and condition of the existing 
foundations. These have been recognized as important 
considerations in the RuFUS guide and in the above sections, 
when determining whether foundation reuse is a viable option 
for a project.  

2.2 RuFUS	  assessment	  method	  

A flow chart was established to aid in the decision process of 
reusing deep foundations (figure 2). Step 1 establishes whether 
foundations already exist. Step 2 determines the extent of 
geometric compatibility of the existing foundations and the 
proposed superstructure. Partial compatibility and partial reuse 
may be a viable option. Step 3 determines the acceptability of 
the proposed foundation reuse solution. Desk studies and site 
investigations are performed to obtain the required information 
to move forward with foundation reuse. Stage 4 compares the 
proposed reuse design solution with alternative design solutions 
to show that the proposed solution is the most appropriate 
option. A final in-depth assessment is required to verify 
information and to perform thorough site investigations where 
required. 
 

2.3 CIRIA	  assessment	  process	  

The CIRIA guide proposed a simplified version of the RuFUS 
flow chart, figure 3 [8]. Key questions are recognized that must 
be answered in order to enable reuse. If all the key questions 
can be answered ‘yes’ then it is reasonable to assume 
foundation reuse is feasible. However, if the majority of the key 
questions cannot be answered successfully, then foundation 
reuse may not be a viable solution. Subsequently the decision 
must be made as to whether it is appropriate to design the 
foundations for reuse in the future.   

3 CASE	  STUDY	  SUMMARIES	  

Five case studies were chosen from the ‘Reuse of foundations 
for urban sites- Proceedings of the international conference’, 
Butcher et al. [9]. These case studies include the construction of 
a new three storey office block in South Gyle, Edinburgh, the 
construction of a new office block at Belgrave House, London, 
the redevelopment of ARUP’s head office in Lon-don, the 
construction of a new museum, ‘The Collection’ in Lincoln and 
the redevelopment of the site of the Magistrates Court building 
in Manchester.  

Case 1 – A new three-story office block to be constructed on 
the site of an original two-storey office structure in South Gyle, 
Edinburgh [10].  

Case 2 – Belgrave House, a redevelopment project which 
began with the demolition of the existing seven storey office 
structure and construction of a new six storey, composite steel 
and concrete office building in London. Main constraints were 
underground metro lines [11,12]. 
 

 
Figure. 2. RuFUS flow chart assessment process 

 
Fig. 3. Modified CIRIA Assessment Method 

 
Case 3 – Refurbishment of ARUP’s head office in London. 

The existing building was a six storey concrete structure with a 
single storey basement. For the refurbishment, the building was 
stripped back to its original structural frame and a new 
extension was added requiring an additional 31% load on a 
number of piles. New foundations were necessary only for the 
extension.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

!

Yes 

No No 

Yes 

Yes Yes 

Design for full or partial 
foundation reuse. 

Construct 
development with 

full or partial reuse 
of foundations. 

Construct development 
with pile reuse 
incorporating 

supplemental methods 
or piles. 

Install new deep 
foundations. Remove 
piles or adapt layout 
to avoid conflict with 

existing piles. 

.  

Install new deep 
foundations. 

Consider future 
foundation reuse. 

 

No 

No 

No 

Yes 

Yes 

No 

Yes 

No 
Are the existing pile foundations 

partially or totally compatible with 
the new column layout? 

No 

No 

Yes 

Yes 

Are there existing pile foundations 
on the site? 

Is it possible/feasible to modify the 
building layout to suit the existing 

pile layout? 

Are the perceived risks of 
foundation reuse acceptable to the 
project team, client and funders? 

Does the desk study and 
preliminary investigations indicate 
potential for at least partial reuse? 
Good records and no evidence of 

poor performance? 

Are the apparent 
problems/deficiencies sufficiently 
limited and can reuse proceed with 
a downgrade on the pile capacity 
or by incorporating supplemental 

methods? 

Comparative assessment of 
foundation options (e.g cost, 

programme, sustainability). Does 
reuse offer greater benefits than 

other foundation options? 

Does post demolition investigation 
support foundation reuse design 

assumptions? 

Can reuse proceed by 
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Table 1. Drivers and difficulties for foundation reuse. 

Case Drivers Difficulties 

1 

Using original building 
footprint 

Risk with the future per-
formance of the piles- who 
will take responsibility 
/insure the new design 

Original contractor was 
available - took response-
bility for testing and 
verification of existing 
piles and the construction 
of the new piles 

Capacity of foundations- 
difficult to consider under 
RuFUS flow chart 

Good quality as-built 
records available with pile 
logs and pile load tests 

 
 

Potential savings in 
construction costs and 
program and energy 

 

Redundant piles available 
and used for pile testing, 
testing to failure was 
possible 

 

2 

Ground congestion- must 
follow London Under-
ground & Crossrail 
regulations. Under reamed 
piles also existing on site 

Damage during demolition 
of the original structure 
causing some cracking to 
existing piles 

Thorough inspections and 
risk assessment performed 
on site- both visual and 
laboratory inspections 
con-firmed condition of 
the foundations and sup-
ported pile reuse 

Incompatibility between 
existing and new layouts- 
required transfer structures 
to support the necessary 
loads 

Savings - construction 
time/costs/risks 

 

Client wanted the 
potential for future deve-
lopment on site so wanted 
to limit the elements to be 
placed in the ground 

 

Drawings were available, 
which enabled the assess-
ment of the piles and the 
site 

 

3 

Refurbishment project- 
compatibility with new 
design, pre-existing 
skeleton of structure 
remained 

Inaccurate information- 
poor quality records and 
conflicting information 

Past records- ground 
investigations, design 
drawings and pile tests 
were available, however 
they did not indicate 
geometry or layout 
sufficiently 

Limited space available 
for ground investigations 
as foundations and 
building frame remained 
on site 

Investigations supported Gravel pits recognized on 

Case Drivers Difficulties 
reuse- therefore reduced 
the risks associated with 
the previous lack of 
information 

site- although in places 
that did not require an 
increase in capacity to 
carry the increased loads 
on from the new structure 

Conditions of foundations 
confirmed through testing 

Increased capacities on 
foundations required due 
to new structure- 
supplemental foundations 
originally thought to be 
required however reserve 
capacity utilized with roof 
plant moved to an 
alternative position 

4 

Protected ground - 
archaeological remains 
present on site, reuse 
would avoid intrusions 
and damage to the remains 
in the ground 

Incompatibility between 
existing layout and 
proposed new structural 
layout 

Historic surrounding -
cathedral views 

Iconic design required-did 
not want to follow strict 
car park grid 

Drawings and records 
from original construction 

Reuse was not considered 
originally as the tender 
was won on competition 
basis as there was a 
requirement for a unique 
and iconic design 

Feasibility study 
supporting reuse of 
foundations- shows great 
potential for reuse. 

Existing archaeology on 
site – although good docu-
mentation on the archae-
ology of the site was 
available and the design 
team determined that the 
installation of new piles 
would not cause a 
significant impact on the 
preservation of the site 

5 

Foundation plan and 
section obtained - standard 
and quality of drawing not 
known i.e. design, as-built 
etc 

Uncertainties with depth 
of bedrock and pile lengths 

Foundations found to be 
in good condition- layout 
confirmed from testing 

Depth of bedrock differed 
from past records, 
uncertainty and accuracy 
of the existing information  

Conservative pile designs 
at time of construction 
therefore extra capacity 
was available to take 
increased loads where 
necessary 

Strict boundary constraints 
- not possible to alter 
placement of the new 
structure, the site was part 
of a larger Master Plan 

 
 
 



Case 4 – New Collection Museum in Lincoln, UK had very 
tight site constraints including the surrounding historical area 
and archaeological remains. Reuse was not originally 
considered but alterations were made to avail of foundation 
reuse opportunities [13]. 

Case 5 – New Magistrates Court building in Manchester 
involved a detailed site investigation but foundation reuse was 
not deemed possible due to missing and unreliable information, 
as well as grid alignment incompatibilities [14,15]. 

3.1 Results	  of	  the	  assessment	  of	  the	  case	  studies	  

Table 1 summarizes the findings from assessing the five case 
studies. The main drivers for reuse in each case and the 
associated difficulties are highlighted. 
Table 2 shows the main advantages and disadvantages of the 
RuFUS flow chart assessment. One of the main disadvantages 
was that the capacity of the foundations was not assessed in-
dependently in this process. This has been found as one of the 
most important aspects when considering and assessing 
foundations for their reusability. Without sufficient capacity for 
the foundations to sustain the loads of the proposed new 
structure, reuse is not a viable solution. Another important 
consideration is the ground congestion on the site and within 
the site surroundings. It is important that the ground congestion 
on site be thoroughly investigated on site as each site is unique, 
there are numerous types of ground congestion that can exist. 

Table 2. Advantages and disadvantages of RuFUS assessment. 

Advantages Disadvantages 
Notes the importance of 
compatibility. 

Lack of information on 
surrounding area. 

Staged approach/ checklist 
assessment process for 
foundation reuse. 

Capacity not assessed 
independently. 

Considers ground 
congestion. 

Ground congestion should be 
assessed in overall assessment 
process, not in a separate flow 
chart process. 

Illustrates the foundation 
solutions available for a 
project. 

Does not consider quality of 
records available- has major 
implications on a project. 

 
Table 3 was compiled for ease of assessment when 

conducting the RuFUS assessment and to compare the 
assessments of the five case studies. The table illustrates the 
important factors that were present in all cases. These include 
the existence of foundations on site, the compatibility of the 
foundations, the acceptability of a reuse solution, the 
importance of site investigations, the importance of comparing 
foundation solutions and ensuring a reuse solution is beneficial 
for a project. Although post demolition investigations are 
illustrated as an important stage, certain assumptions were 
made in assessing the foundation case studies. For a reuse 
solution, the pile foundations will be tested for reliability and 
capacity after the demolition of the original structure. As such, 
this is not considered to be a determining factor. 

The CIRIA assessment seemed to consider all the major 
points such as compatibility of existing foundations and 
proposed new structure, the capacity of the foundations, the 
reliability of the foundations and the alternative foundation 

solutions available. However, the CIRIA guide does not readily 
consider the main site constraints when considering foundation 
reuse, which include ground congestion, site boundaries and 
archaeology. This assessment process also does not consider 
the specific foundation solution to be adopted, in comparison to 
the RuFUS process. The advantages and disadvantages of the 
CIRIA assessment observed can be seen in table 4 below.  

 

Table 3. Comparing RuFUS assessments 

 Case 
1 

Case 
2 

Case 
3 

Case 
4 

Case 
5 

Are there existing 
foundations on site? X X X X X 

Are existing pile locations 
compatible with new 
structure? 

X X X X X 

Possible/Feasible to 
modify the building layout 
to enable reuse? 

   X X 

Acceptable risks and 
reuse solution? X X X X  

Desk study and 
preliminary investiga-
tions support reuse? 

X X X X  

Possible to reuse with 
downgrade on capacity or 
incorporating supple-
mental methods? 

X  X   

Comparative assessment 
of foundation solutions. 
Does reuse offer benefits 
over other options? 

X X X X  

Post demolition investi-
gations support reuse? X X X X  

Can reuse proceed by 
incorporating 
supplemental methods? 

 X    

Construct with partial or 
total reuse. X  X X  

Construct with reuse 
incorporating supple-
mental methods or piles. 

 X    

Install new deep 
foundations. Remove or 
avoid existing piles. 

X     

Install new deep 
foundations. Consider 
future foundation reuse. 

     

 
 
 
  



Table 4. Advantages and disadvantages of CIRIA assessment 

 

4 OVERVIEW	  OF	  ASSESSMENT	  METHODS	  

The modified SPeAR diagram method illustrated the main 
drivers for reuse in a particular area and may be used to 
convince the parties involved in a project’s early stages, that 
foundation reuse is a feasible and appealing solution. While the 
resulting diagram was beneficial in the assessment of the reuse 
capabilities for an area, it may not be appropriate as a 
standalone assessment method for a particular site/project. In 
contrast, the RuFUS flow chart assessment process [17] 
included a clear layout and staged approach to assessment. It 
also supplied alternative foundation solutions. The flow chart 
either recommends a reuse solution, reuse with supplemental 
elements, or installing new foundations. However, it does not 
clearly define site specifics such as the foundation properties 
and site constraints. The CIRIA simplified 5-point method 
determined the applicability of foundation reuse to a particular 
project. The capacity and reliability of the existing foundations 
were two of the most important factors. This question-based 
approach was more direct than the RuFUS flow chart.  

5 CONCLUSIONS	  

The assessment of five case studies via three assessment 
methods showed that although each of the assessment methods 
provided some insights, none of the above was fully 
comprehensive. The SPeAR method proved successful as a 
preliminary assessment approach. In comparison the RuFUS 
and CIRIA assessments better consider the particulars of a site; 
namely the compatibility between existing structures and new 
structures, the quality of the records available, and the capacity 
and reliability of the foundations. Without all of these 
components, the possibility of achieving a foundation reuse 
solution is limited. Therefore, it is recommended that the 
modified SPeAR method should be performed in the first stage 
and a second process should be performed to assess foundation 
capacity, information availability, main site considerations, 
constraints, and alternative solution options.   
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Advantages Disadvantages 

Notes the importance of 
compatibility. 

Does not consider the main 
site considerations e.g. 
Ground congestion, site 
boundaries, archaeology. 

Recognizes the importance 
of the foundations capacity. 

Does not supply the type of 
foundation solution to be 
adopted 

Considers the reliability of 
the foundations clearly and 
independently 

 

Compares foundation 
solutions to ensure reuse has 
advantages over alternative 
approaches. 

 


