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ABSTRACT
Re-life of aged buildings is frequently more cost-effective and time efficient than re-building. In
developing a strong business case for re-life, a major challenge to be addressed is that of
maximizing the rentable floor space which often puts a re-life project at a disadvantage. In
increasing usable floor space, options available to the client include removal or adding floors
and partitions, relocating services, cutting openings or extending floors and relocating lift wells
etc. In these situations, innovative structural strengthening schemes could be implemented to
strengthen the existing structure. Whilst there are decision-support tools reported in literature to
cover other parameters in relation to re-life of buildings, they do not include evaluation of the
optimizing of rentable floor space and corresponding structural strengthening needs.
The structural strengthening of existing buildings can be achieved using one of many upgrading
techniques such as span shortening, externally bonded steel, fiber-reinforced polymer (FRP)
composites, external post-tensioning systems, section enlargement, or hybrid strengthening
systems. Each technique has specific advantages and disadvantages and the applicability to
building materials such as concrete, steel, timber and masonry varies. This paper presents a
decision support framework developed to compare and assess options available to the design
team of a re-life project in optimizing rentable floor space. A matrix developed to map existing
as well as innovative structural strengthening techniques to strengthening needs will also be
presented with application examples from a case study in Melbourne.
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1.0 INTRODUCTION
Observation of commercial office buildings built 35 years ago shows that they are reaching the
end of their original design life span (aging). Repair and maintenance expenditure is expected to
increase due to the structural deficiency and functional obsolescence of aged buildings. In some
situations, buildings cease to fulfill the expected services during their design life span due to the
changes in office work environment, changes in procedures, changes in equipment design or
because of poor initial design. A modern office block must be equipped to meet these changing
trends; otherwise it will soon depreciate in value and loose its renting potential or market value
[1]. The results of these factors point to an opportunity for an efficient “re-life” rather than
demolition and “new-build” [2]. It is frequently more cost-effective and time efficient to refurbish
than to re-build. Consequently, an increasing number of re-life projects are exploring the
advantages of occupying older buildings [2].
In developing a strong business case for re-life rather than demolition and re-build, a major
issue to be addressed is maximizing of rentable floor space, which often puts a re-life project at
a disadvantage. In increasing usable floor space, options available to the client include removal
or adding floors and partitions, relocating services, cutting openings or extending floors and
relocating lift wells etc. In each case, innovative strengthening schemes have much to offer
when considering upgrading the existing structure.
For a retrofitting project to be successful, the owner has to establish a suitable retrofitting plan of
action. If a client makes inappropriate choices, the outcome may be a time and/or cost overrun
and general dissatisfaction. Nowadays, a number of decision support tools are available to the
owners to assess the current condition of their buildings with respect to deterioration, functional
obsolescence, energy consumption and environment quality, before making a decision to retrofit
their buildings. Those decision support tools also help to choose appropriate retrofitting actions
and to estimate the cost. However, the available decision support tools do not cover the
building structure. Consequently the “Floor space optimisation” strand of Re-life project funded
by CRC for construction innovation is looking into the development of a management decision
support tool that assists the owners in selecting an appropriate strengthening scheme during
optimizing of floor space in a re-life project.
2.0 THE NEED FOR STRUCTURAL STRENGTHENING IN RE-LIFE OF BUILDING
Due to the increase in economical and environmental constraints, the current trend is to
upgrade deteriorated and obsolete structures rather than replacing them with new buildings [8].
It is a significant challenge for engineers to satisfy the clients’ requirements during retrofitting;
specially optimizing the usable floor space. Usable floor space of existing building can be
optimized by modifying the layout of an existing building such as removing or adding of floors
and partitions, relocating services, cutting openings or extending floors and relocating lift wells
etc. In these situations, innovative structural strengthening schemes could be implemented to
strengthen the existing structure.
Strengthening of an existing structure may also become necessary under the following
circumstances:
1. When buildings are exposed to harsh environments such as de-icing salts, chemicals
or air-borne salt spray, or have inappropriate details, the structures may experience
significant deterioration in the form of steel corrosion, concrete cracks and spalls [4].
Such deterioration may result in structural inadequacies that adversely affect the
structure or its members,
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2. In situations where the building owners make decision to change the usage of a type of
building depending on the business demand in the current market environment. As a
result, the existing structure of a building may or may not be strong enough to
withstand the new loading,
3. Structures constructed in early days may have been designed to carry loads that are
significantly smaller than the current needs, possibly due to increase demand usage
[4],
4. Structural inadequacies may arise due to errors in initial design or construction and
changes of design standards.
By carefully implementing appropriate structural strengthening methods, re-life of buildings can
be justified/achieved rather than adopting demolishment and re-building
3.0 Structural strengthening techniques
Selection of an appropriate strengthening method is dependent on the materials of construction.
Structural elements of existing buildings are commonly constructed of concrete, steel, timber
and masonry. Concrete is the most commonly used building material and widely used in the
forms of in-situ concrete, precast concrete and post-tensioned concrete.
The structural strengthening can be achieved by section enlargement, external post tensioning,
external bonded steel elements, bonded advanced fiber reinforced polymer (FRP) composites,
span shortening, or a combination of these techniques [4,8]. No matter what strengthening
technique is used, the ability to perform as an integrated system can be obtained only by
providing an adequate bond between the existing member and the repair/reinforcement to
ensure monolithic structural behaviour [8]. Stress concentrations resulting from added material
should be investigated as they may cause a localized failure.
Unfortunately, there is no specification or design that covers all repair/upgrade scenarios and
engineers, architects, and contractors must be innovative and thorough, in their design details,
specifications, and applications.
4.0 Management support tools available for re-life projects
A good retrofitting action plan will lead to the success of a re-life project. If an asset owner
makes inappropriate choices, the outcome may be a time and/or cost overrun and general
dissatisfaction. With the aid of decision-making tools, it is possible to select the most suitable
retrofitting action. A number of such tools have been developed for office buildings with TOBUS,
MEDIC, EPIQR and INVESTIMMO being the most commonly reported in the literature [1,3,4].
The decision-making software tools, EPIQR (for apartment buildings) and TOBUS (for office
buildings) have been developed for the assessment of retrofitting needs of buildings in
European countries. The use of these tools can facilitate a quick and accurate diagnosis of the
condition of the existing building in terms of its major area including construction, energy
performance, indoor environmental quality, and functional obsolescence. The main advantages
of using these tools are the ability to evaluate various refurbishments and retrofit scenarios, and
cost of induced works, in the preliminary stages of a project [5,6].
In EPIQR and TOBUS, deterioration of building materials and components are described by the
use of a classification system with four classes. The prediction of the period of passing into the
next deterioration state is of high interest as this is directly connected to higher refurbishment
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costs. The prediction of qualitative deterioration states are important and correspond to key
moments in the element’s life where some refurbishment action has to be taken [5,6].
European countries have been used another software tool entitled MEDIC to predict the future
degradation state of building. MEDIC is intended for use with EPIQR and is based on a
subdividing of the building into 50 elements. MEDIC calculates the remaining life span of a
building element not as a deterministic unique value but as a probability distribution. It can help
the owner of a building to decide the most judicious moment to undertake refurbishment to
achieve his short and long term financial needs [7].
Following the footsteps of EPIQR an TOBUS, a decision-making tool for long term efficient
investment strategies in housing maintenance and refurbishment – INVESTIMMO has been
developed in European countries. It has been aimed at evaluating housing maintenance and
refurbishment options, which covers expectations of tenants, housing market, and quality of
building upgrading and environmental impacts in addition to the factors identified in TOBUS [5].
From the review of literature, it was clear that these tools can be used to evaluate the general
state of buildings with respect to some of the aspects of building re-life projects such as service
life, functional obsolescence, energy consumption and environment impacts. However, no
reported work presents a decision support tool, which can be used to compare and assess
options available to the design team of a re-life project in optimizing rentable floor space.

5.0 Proposed decision support framework
In order to develop a decision support tool for selecting the most appropriate structural
strengthening scheme during optimizing floor space, the preliminary objective was to identify the
clients’ requirements and problems associated with structural strengthening. Through the review
of literature and based on the experience, a list of issues, which may influence strengthening
work has been compiled. Consequently, Delphi process was utilised to rank them based on the
importance in refurbishment projects. The following issues were identified as important by the
experts engaged in research/practice in the field of building refurbishment:
1.
2.
3.
4.
5.

change of use of floors,
cutting openings in floors and extending floors,
relocate/renew services,
structural appraisal prior to refurbishment and
safety reliability issues in structural strengthening.

Through an extensive review of literature and industry practices, a set of structural
strengthening techniques has been identified, which may be used to address the issues ranked
high from Delphi studies. Upon identifying the issues and solutions, the methodology to develop
the decision support tool was established which is shown in the figure 1.
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Literature Review

Input from sustainability
aspects
Case Studies

Possible
strengthening
solutions

Appropriate cost
of a given solution

Problems/Requirements

Matrix for
mapping solutions
to problems

Figure 1: Framework for decision support tool

From the framework of decision support tool, it is clear that mapping solutions to
problems/issues needs to be evaluated considering the approximate cost of possible
strengthening options those can be used for a particular user requirement. The preliminary
matrix of mapping structural strengthening solutions to the user requirements was developed
and characteristics, issues, possible applications, application examples, companies/contractors,
sample design calculations and approximate cost are included in each strengthening technique
(Figure 2 / Table1).
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Section enlargement
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Design
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Composite Strengthening System
External Post Tensioning
Span Shortening

●
●
●

Figure 2: Preliminary matrix of mapping structural strengthening solutions to the user requirements
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Table 1: Matrix of mapping solutions to problems (Contd.)
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The matrix for mapping solutions to problems will be validated with three case studies which are
the current building refurbishment projects: Council House 1 of Melbourne City Council (CH1) at
little Collin Street in Melbourne, Health building at George Street in Brisbane and Sydney Law
Court building at Macquarie street in Sydney. Since this is an on-going research, work reported
herein discusses the case study of CH1 building in Melbourne.
6.0

Case study - CH1 building in Melbourne

This study includes refurbishment of a high-rise commercial building approximately 35 years
old. It comprises of seven office levels and four car park levels, of which two of the car park
levels are underground. The structure of car park composes of reinforced concrete slab
supported on secondary and primary beams and concrete encased steel columns. The office
levels have reinforced concrete flat slab supported on concrete encased steel columns. The
design team of the building has proposed three preliminary design options to satisfy the client’s
needs. The research team is currently analyzing those options and developing possibilities to
maximize the floor space which could be included in the options proposed by design team.
Strengthening of existing structure of the building due to the optimization of floor space is
required and those data will be used to validate the matrix of mapping solutions to problems.
Mapping of Structural work involved in CH1 building –option 3 with the strengthening techniques
is shown in Table 2.
7.0

Conclusions

A framework for a decision support tool for selecting a structural strengthening scheme during
building refurbishment has been presented. Issues perceived to be important by practitioners
and experts in the field have been identified through the Delphi process. A matrix of structural
strengthening needs and corresponding solutions have been presented. Mapping of the matrix
to a current building refurbishment project has been given.
A major focus of the Re-Life project funded by the CRC for construction innovation is integrating
of research in four major areas impacting on decision making in relation to building
refurbishment: waste minimization, project management, structural strengthening and floor
space optimization and evaluation of residual life. The current focus of the research team is to
integrate outcomes of the four areas to develop an integrated decision making model for
building refurbishment.
A most important attribute of the integrated model would be its dynamic nature, with provisions
for inclusion of innovative strengthening schemes, construction practices etc. as they emerge.
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