Framework to Assess a Facility’s Ability to Accommodate

Change: Application to Renovated Buildings
by
Christopher Lee Maury Jr.

B.Sc. in Civil and Environmental Engineering, Tufts University, 1997

Submitted to the Department of Civil and Environmental Engineering in partial

fulfillment of the requirements for the degree of

Master of Science in Civil and Environmental Engineering
At the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

February 1999
© 1999 Massachusetts Institute of Technology. All rights reserved.

Signature of Author: o oL .
' Department of Civiléﬁd(H/nvironmental Engineering
December 12, 1998

~ Certified by: i
’ E. Sarah Slaughter
Assistant Professor of Civil and Environmental Engineering
Thesis Supervisor
Accepted by:

MASSACHUSETTS INSTITUTE Andrew J. Whittle
OF TECHNOLOGY Chairman, Departmental Committee on Graduate Students

FEB101999 ||  €ne

LIBRARIES







Framework to Assess a Facility’s Capability to Accommodate Change:

Application to Renovated Buildings
By
Christopher Lee Maury Jr.

Submitted to the Department of Civil and Environmental Engineering
on December 7, 1998, in partial fulfillment of the requirements for the degree of
Master of Science in Civil and Environmental Engineering

Abstract

An assessment framework that presents the critical attributes that influence the accommodation
of change within a building, specifically focusing on the renovation and reuse of existing low to
mid-rise buildings, is developed. Unlike past studies on building renovation and reuse, this
research moves away from the exogenous factors (e.g., building location, social and community
issues, building age, or building deterioration) and instead concentrates on the physical
engineering systems within a building that influence the feasibility of renovation and reuse. In
order to develop this framework, detailed information was gathered about building renovation
and reuse through literature, construction site visits, and interviews with industry professionals.

A sample of 45 general building renovation case studies was examined according to two
dimensions, a set of building systems and a set of changes which they experience over time. The
building systems used include the structural system, the exterior enclosure system, the services
system, and the interior finish system. The changes, which they experience, were broken down
into three main categories: function, capacity, and flow. These dimensions were used to examine
26 out of the 45 general case studies in detail to obtain the empirical data with which the
framework was developed.

The examination of these case studies and the development of the assessment framework show
that a movement towards accepting and incorporating new methods, techniques, and design
alternatives within the construction industry is growing. More owners and developers are
changing their overall outlook on the cost associated with building design, construction, and
renovation from a concentration on initial costs to a broader encompassment of a building’s
lifecycle costs. This change in thought has incited a movement towards incorporating
capabilities to accommodate change within building designs. However, to complete this
movement the complex interactions and dependencies among the building systems and the
changes that they experience, which through this research have been shown to exist, must be
addressed and simplified.
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1 Introduction and Problem Statement

1.1 Background

The construction industry has traditionally been seen as slow to accept change and incorporate
innovation. This applies not only to the products and equipment but also to new methods and
techniques as well as new design alternatives. This research addresses the apparent reluctance
within the construction industry to accept and incorporate new methods, techniques and design
alternatives by providing a systematic approach in which to assess design and technology
innovations. A major problem in today’s building construction industry and its building stock is
the inability to efficiently accommodate changes and future needs, resulting in the onset of
functional obsolescence. By incorporating new methods and techniques of designing and
constructing such buildings, which acknowledge the importance of building flexibility and

incorporate c'épabilities to accept change, the effects of this problem could perhaps be decreased.
1.1.1 Buildings vs. Other Forms of Infrastructure

The foundation and lifeline of the United States of America is the nation’s infrastructure. To
ensure that this nation continues to grow and prosper from within, this infrastructure must be
managed and maintained properly. An emphasis has already been placed on the importance of
designing, building, and maintaining infrastructure in order to ensure that it can serve its
intended purpose for an extended lifetime (often explicitly 50 to 100 years) (Slaughter, 1997).
Most forms of infrastructure, including bridges, highways, tunnels, and offshore platforms, have
incorporated this ideology. Although these structures currently do not explicitly incorporate this
emphasis on long term functionality into their design and construction, it has become a major
current objective that they do so. These structures are generally designed and constructed to
provide safe and sufficient use for the public over a long lifecycle; in a sense, they are considered

as permanent additions to the built environment.

Research has been performed to devise methods that can be used to assess the levels of
deterioration as well as the overall obsolescence associated with such infrastructure (Lee and
Aktan, 1997; Lemer, 1996). That research displays the importance of designing maintainable

" structures that are capable of providing efficient service over a long lifecycle. A facility’s initial
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capabilities (e.g. the durability of materials, and the flexibility of mechanical equipment), and
how the facility is maintained, influence the likelihood or tinﬁng of the onset of obsolescence
(Lemer, 1996). However, infrastructure designers and managers have largely neglected the
impaét of this obsolescence. In fact, “across the nation, bridges have been restricted or closed
because they cannot safely carry the increasingly heavy loads of vehicles.... The U. S. General
Accounting Office concluded in 1991 that about 40% of the nation’s bridges were deficient”
(Lemer, 1996, pg. 153).

While increasing research focuses on bridges and other elements of the transportation
infrastructure and their potential obsolescence, similar problems have occurred in another
member of the infrastructure group, namely buildings. However, unlike the other parts of the
infrastructure (e.g., highways, bridges, and offshore platforms), little emphasis has been made to
ensure that buildings are designed, constructed and maintained in order to provide useful service
over a long lifecycle. Older buildings that were initially designed to accommodate one usage can
no longer suit that use and therefore are becoming obsolete (e.g., the loads placed on the floor
slabs have increased due to an increase in the size of equipment, an increase in the amount of
traffic within the building, or an increase in the need for mechanical HVAC units). Due to their
initial design, these obsolete structures are incapable of accommodating the necessary changeé
that would once again allow them to function efficiently, whether for the original or a new usage
class. By planning ahead and incorporating the flexibility necessary to allow such maintenance
or such required changes to be performed, the lifecycle and useable service life of these buildings

would increase, as would the associated savings.
1.1.2 Initial vs. Lifecycle Costs in the Building Construction Industry

Incorporating flexibility into the initial design and construction of a built facility is gencréily
perceived to increase initial costs (Slaughter, 1998; Lewis/Trussell Interview, 1997). However,
the overall lifecycle costs associated with operating, maintaining and renovating a building could
decrease dramatically. It is often design approaches rather than simply bigger or thicker
components that most effectively increase capacity to accommodate change. Therefore,

incorporating flexibility may not significantly increase the initial costs as traditionally expected.
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Within the construction industry, an emphasis has traditionally been placed on minimizing the
initial costs associated with the design and construction of buildings. The common trend has
been to design and build a building to the least initial cost while still meeting and maintaining the
particular usage requirements for the building. For instance, office buildings can be designed
and built to meet the minimum requirements in floor loads. While this approach can potentially
save the owner money in the short run, it can cost them more money in the long run, such as
when the building becomes obsolete for the particular use for which it was initially designed, or
cannot accommodate emerging new requirements. By emphasizing minimizing the initial costs
of constructing a new building, the owner often receives a false sense that he/she is saving
money. Speculatively, if the owner had instead placed a larger emphasis on the overall lifecycle
costs during the overall design and organization of the building, they might have saved more
money over time. The costs associated with the design and construction of a building are just the
beginning to a lifetime of different costs that a building owner must endure with a building, as

shown in Figure 1.1.

Figure 1.1 — Building LifeCycle Costs (Slaughter, 1997)
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Although the initial costs are important in determining the design for a building, the owner

. should also consider the longer term costs associated with maintaining that building and
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renovating it as particular systems or the entire building begins to become obsolete for its initial
usage class. By planning ahead and incorporating the capability to accommodate future change
within the building itself, the owner could decrease the lifecycle costs with only a small 1-3%
increase in initial costs (Lewis interview, 1997; Kiell, 1992). For example, an owner could
specify an office building with higher floor to floor heights and increased capacity for structural
loads so that the building could suit research and development use, or other possible uses without

having to incur major structural reinforcement down the line.

Building needs and usage requirements, as well as typical working environments, change
frequently and often drastically, and can lead to a building’s functional obsolescence much
earlier than initially expected (Patterson, 1998; Iselin, ed., 1993; Kiell, 1992). By planning
ahead and incorporating possible future changes within the initial design and construction of new
buildings, it should be possible to create a defense to building obsolescence and its associated

COosts.

1.1.3 Building Construction in the 1980s to 1990s

In the 1980s, the real estate market and the construction industry in the United States
experienced a major boom in the construction of commercial space (Kiell, 1992). Corporations
and companies concentrated their time and money on creating new, larger and more complex
facilities to help promote their industrial enterprises. The construction of these new commercial
and industrial structures quickly gained public attention and captured the headlines throughout
the U.S. However, while these new complex structures were gaining the headlines, smaller less
complex renovation projects were also becoming prominent in the real estate market and the
construction industry. Many owners began to take advantage of the characteristics which older
structures possessed. They removed themselves from the traditional ‘demolish and rebuild’
theory of the late 1960s to early 1970s, and embraced a new era of reuse and adaptation of

existing structures (Kiell, 1992; Lion, 1982).

As the ‘demolish and rebuild’ theory had done in the 1960s, this new theory of reuse began its
own era in the 1980s. While new construction activity eventually evened out in the late 1980s,
renovation continued to grow. “In fact, according to Cahners Economics in their publication

Building Design & Construction, in 1989, inflation-adjusted spending on commercial
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reconstruction rose 5.9 percent in contrast to a drop of 2.8 percent in new office construction and

a slight rise of 1.6 percent for new industrial construction” (Kiell, 1992, pg. 11).

“In fact, the rehabilitation of existing structures has become such an important issue that over the
past decade in the United States, more than half of the total construction budget has gone to some
form of renovation, remodeling, or reutilization of existing buildings” (Lee and Aktan, 1997, pg.
1). In many regions, particularly urban areas, renovation is becoming the more economical form
of construction. Existing structures are no longer seen as disposable objects but instead are seen
as valuable assets. The importance of existing buildings as assets, which can help promote the
future growth and prosperity of metropolitan areas, has influenced many owners, developers and
others to maintain and beautify existing structures (Lee and Aktan, 1997; Stewart, 1997,
Poskanzer, 1996-97).

What truly is influencing many-owners, developers and others to purchase older structures or
hold onto their own structures and adapt them for future use? The renovation movement has
been ignited primarily by several economic and social factors that arose during the 1980s
(Poskanzer, 1996-97; Lion, 1982; Kiell, 1992). During this time, building costs increased.
Materials, labor and design costs have increased, thus making cost a very important issue with
regards to construction. Renovation has the potential to provide savings in these costs compared
to new construction (Poskanzer, 1996-97; Lion, 1982; Kiell, 1992). Another factor is the fact
that rehabilitation generally entails a much shorter construction schedule than new construction.
More construction time equals a loss in revenues during that time (Poskanzer, 1996-97; Lion,
1982; Kiell, 1992). This increase in building costs is paralleled by an increase in the strictness of
financing parameters offered by most of the lending institutions. Therefore, renovation projects
often present lower construction costs than new construction projects (Poskanzer, 1996-97; Lion,
1982; Kiell, 1992). “With economy less of a factor in bygone days, many older buildings tended
to be over-designed and have sound frames”, thus promoting their capability for adaptation for

other uses (Lion, 1982, pg. 2).

The increasing complexity which new construction now incorporates has also become an
important factor. The incorporation of several new building codes for federal, state, as well as
local authorities have made the entire construction process a much more difficult task to

_complete (Kiell, 1992; Bordass and Leaman, 1997). Another factor which has effected the
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decision for renovation over new construction is the increased sense of historic preservation
within the U.S. Buildings are now being considered reminders of our nation’s past that must be
maintained and restored to continue to preserve our national heritage (Poskanzer, 1996-97; Lion,
1982; Kiell, 1992). Despite all of these previously mentioned factors, one of the main reasons

for renovating a facility is simply a required upgrade of the facility to meet the tenants’ needs.

In many regions, renovation projects can promote social issues and ihcrease the sense of
community within the environment. “By finding fresh uses [for these buildings], decay can be
halted and whole neighborhoods rejuvenated while at the same time maintaining a sense of time
and place” (Eley, 1984, pg. 3). In addition to these changes, the historic preservation of existing
buildings became an important issue in many regions. This resulted in the prevention of the

demolition of certain structures and thus promoted their creative reuse.

While the economic and social factors are very prominent considerations associated with

renovation projects, there are many other reasons why many owners, developers, and others have
decided to renovate. For instance in 1991, Building Operating Management magazine produced
a survey in which they asked readers for their primary reasons for renovation. The results of this

survey are shown in the table below.

Table 1.1 — Primary Reasons for Building Renovation (Mathew Kiell, 1992)

Reasons to Renovate Proportion of Sample*
Modernization 62.4%
Conversion to New Use 30.3%

Energy Conservation 18.9%
Code Compliance 14.7%
Tenant Change 14.2%
Other Reasons 8.2%

*Note: Respondents could select multiple reasons, so the total proportion is greater than 100%

These reasons help explain why renovation and refurbishment has become such a popular
method of construction over the past decade as well as why it is so important that buildings are
designed to incorporate capabilities to accommodate future change and thus ease the renovation

process.
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1.1.4 Renovation within the Construction Industry

In studying the renovation of existing buildings, it is important to specify what exactly
‘renovation’ means. “Renovation, or refurbishment, is the hard-headed business of making use
of what is usable in the aging building stock; the skillful adaptation of a building shell (which is
valuable in its own right and not due to any historic mystique) to a new, or an updated, version of
its existing use” (Marsh, 1983, pg. 3). While many people think of renovation as the
conservation of a historical building, that is not always true. Few structures are worthy of such
architectural merit. However, several structures are capable of and useful for renovation and
reuse. Renovation simply is the “good management of the building stock of a country, a
company or a building owner to ensure that the initial investment in ‘bricks and mortar’ are not

squandered prematurely” (Marsh, 1983, pg. 3).

Renovation may actually reduce-risks as well as initial costs. It can and has been argued that the
construction of a new structure incorporates greater risks than renovations of older structures,
because the older structures have already proven that they can withstand the associated
development risks. “In sense, an existing building has a track record that makes the risks clearer

and more predictable” (Kiell, 1992, pg. 15).

Yet, renovation projects are not always as easy as some professionals may say, and often times
they too incorporate several risks that must be considered and analyzed prior to the work. The
designers for the renovation of an older building must design around the constraints that the
structure and other systems impose. “Refurbishment presents a fascinating array of snags which
are novel to the designer who has previously concentrated on new work™ (Marsh, 1983, pg. 1).
These uncertainties and snags may make a renovation project much more unpredictable than a
new project, thus incréasing the associated risks (and often the associated costs). Due to this
diversity of problems and the uniqueness of each renovation project, it is impossible to offer a
single design approach or solution. However, it is possible to ease the renovation process by
providing a systematic approach to assess the existing capabilities of a building to accommodate
changes and incorporating flexibility within a building’s design, thus providing it with the

capabilities necessary to accommodate future changes.
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1.2 Research Objective

This research focuses on the analysis of the reuse or renovation of existing buildings. In order to
determine if a building can feasibly be renovated and reused, it is important to determine the
particular characteristics within the building that permit renovation and reuse to be performed
easily and that produce a good facility for the owner/occupant. The purpose of this analysis is to
determine the critical aspects within a building’s four main systems (e.g., the structural system,
the exterior enclosure system, the services systems, and the interior finish system) which
influence the feasibility of renovation and building reuse. The data for this research was
empirically derived through site visits on renovation projects within the Boston Area, personal
and telephone interviews with professionals associated with renovation projects throughout the
United States, and through journal article reviews. The data obtained were with regards to a
building’s ability to accommodate changes in function, capacity, and flow, as well as the
components within and interactions between the four building systems that aid the building’s
flexibility. The data were verified through interviews and interactions with professionals within
the construction industry (e.g., owners, developers, owner/developers, contractors, and

architects) who have had experience with numerous renovation projects.

The first stage of this research entailed the determination and analysis of the theory that
buildings should be designed and constructed with capabilities to incorporate future change. In
order to analyze the ability of facilities to accommodate change, the facilities were divided into
the four commonly used building systems as stated above. These systems and their individual
components were determined to be applicable to all forms of buildings and therefore relevant for
the purpose of this research. Nearly all of the nation’s building stock at one point in time
undergoes some form of change. For the purpose of this research, such changes were catggorized
into three robust change categories: function, capacity, and flow. These change categories were
analyzed according to their applicability to the building construction industry as well as their
relevance to this research. Through this analysis, these change categbries were further divided
into more specific subcategories that better represented the types of changes that commonly are
experienced by buildings. The building systems and the change categories were then used to

analyze the case studies used for this research.
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After establishing the relevance of these two dimensions of building system and change
categories, the next stage of this research analyzed 46 case studies. The case studies consisted of
renovation projects which are currently progressing or which have recently been completed
within several different regions of the United States. Due to the availability of current projects
within Massachusetts, a majority of the case studies are within the Boston area. The case studies
were first analyzed to determine particular trends in usage class. Specific changes in usage,
whether it is for the same or a new usage, were recorded. Through this analysis, a large trend
towards office use was prominent. Upon determining the specific trends in usage class, 26 of the
case studies were examined in more detail. Empirical data were obtained from these cases using
the two dimensions of building system and change categories. Using this empirical data, critical
aspects were determined for each building system, which influence each system’s capability to

accommodate the specific change criteria.

Within the final stage, a design framework was developed, based upon the data, which identifies
the critical attributes of each building system that influence the accommodation of specific
categories of change. This framework can be used as a diagnostic tool by professionals to help
them in their decisions on the feasibility of building renovation. This framework is also intended
to serve as the foundation for a future tool that can be applied directly to the design and
construction of new facilities. Ultimately, this framework is intended to provide designers,
owners, and construction professionals with approaches to incorpofate flexibility within the
building’s design while at the same time presenting the associated costs and benefits for doing

SO.
1.3 Thesis Organization

Chapter 2 describes past research that has been performed on building reuse and renovation. It
explains how significant work has been performed regarding determining the exogenous factors
(e.g., location, social community issues, and building deterioration) that influence the decision on
renovation feasibility. It concludes by stating how this research moves away from the exogenous
factors and concentrates on the physical aspects within a building, namely the physical

engineering systems that influence the reuse decision.
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Chapter 3 presents the design framework that was constructed using the relevant data obtained.

Also within this chapter are the definitions for the building systems and the change categories.

Chapter 4 explains the methodology that was used to perform this research. This chapter
explores the collection of data, relevance of that data and the methods that were used to analyze

and compile that data.

Chapter 5 provides the results of the analyses. This chapter specifies the relevance of these
results and their applicability to the building construction industry, and building renovation and

reuse.

In Chapter 6, the results of the proposed research are summarized and possible future research

stemming from this research is proposed and suggested.

22



2 Background Literature on Building Renovation and Reuse

2.1 Buildings as an Asset

The adaptive reuse of older buildings is a growing trend, not only in retail, but also for private
companies, schools, government agencies and health care providers. “Renovation and
rehabilitation of older buildings offer viable, cost effective solutions to clients needs and at the
same time preserves parts of our past” (Poskanzer, 1997, pg. 60). These older buildings have
gradualiy become very attractive due to the improving economy as well as the increased
availability of federal and private financing programs. Within many urban areas, these factors,
coupled with the growing economics of renovation, are causing older buildings as well as new
buildings to be identified and viewed as valuable assets (Lee and Aktan, 1997). Many owners,
developers, and others are beginning to recognize‘ that these structures can help promote the
future growth and prosperity of metropolitan areas, and therefore are wgrking towards

maintaining and reusing them.

As an asset, a building must be evaluated on the basis of a defined need and its ability to meet
that need as well as potential future needs. As explained by Kevin Stewart (1997), three
potential extensions can be applied to this statement: “1) while potential needs may not change,
the ability of the building to meet that need is diminished; 2) while the ability of the building has
not necessarily changed the needs or requirements for the building have changed; and 3) given
that the needs have changed as well as the ability of the building to meet those changes has
diminished, the building must be reevaluated.” There are three possible outcomes to this
dilemma: 1) the building can be disposed of or sold at salvage value; 2) the building can be fixed

up or renovated to meet the new need; and 3) nothing could be done.

In order to explain this train of thought one can think of an automobile (Stewart, 1997). Most
automobiles are bought with the thought that they would last for a finite period of time and
provide a variety of services over that time. However, often before that particular time is
reached, three scenarios may have occurred with the car: 1) the car may be too old and broken
down to meet the owner’s needs; 2) although the car is capable to meet the needs, the owner has
changed his or her needs; or 3) the owner’s needs have changed and the car is too old and broken

" down to meet those new needs. For each of these scenarios the owner has three possible
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solutions. The owner can decide to keep the car and fix it so that it meets his or her needs, sell or .

destroy the car and buy a new car that meets the needs, or sell or destroy the car and use some
other form of transportation. In this analogy, the car is the asset in question. However, the same
train of thought is applicable to buildings and therefore similar emphasis and attention to

maintenance practices and reusability can be applied to building design and construction.

2.2 Planning and Design for Assessing the Feasibility of Building Renovation

and Reuse

The view of buildings as assets has led to an increased interest in sustaining building market
values and thus in building maintenance and reuse. This increased interest has sparked several
research projects on building maintenance and renovation over the past two decades. Many of
these projects have concentrated on determining the important characteristics which influence
the feasibility of building renovation and reuse, as well as those characteristics which help
prolong a building’s useful service life. The basis for a majority of these studies concentrates
around factors such as building location, building age, building appearance, and site condition

assessment, all of which will be referred from this point on as exogenous factors.
2.2.1 Urban Planning

One of the more important exogenous factors that have been considered for building renovation
feasibility entails the urban planning of a building (Poskanzer, 1996-97). While urban planning
is generally a very broad area within building construction, for the purpose of building
renovation and reuse it has commonly been broken down into two main categories: building
location and social and community issues. Both of these categories have been examined over the
past couple of decades and their relevance to building renovation and reuse as well as new

construction has been proven to be important.

2.2.1.1 Location

Building location has been determined as one of the more critical factors which influence the
feasibility of building renovation and reuse as well as new construction. The location of a

building has been shown to strongly influence the choice of new use for that building (Niskala,
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1982). Often the particular location or neighborhood that an existing building is in can help
expedite necessary approvals and dissuade any local opposition because of this view. Such
buildings are often perceived as neighbors that are going through hard times, and the adaptive
reuse of them is perceived as the building’s as well as the neighborhood’s savoir (Poskanzer,
1996-97). Furthermore, certain locations of existing buildings that are vacant can often lead to

reasonable prices and thus offer the greatest real estate appreciation.

Several aspects of a building’s location have been considered to be important in determining the
feasibility of renovating a building, such as the building’s accessibility to public infrastructure,
appearance of the surrounding buildings, and atmosphere within the surrounding neighborhood
(Lion, 1982; Gann and Barlow, 1996; Niskala, 1982; Stewart, 1997). Each of these studies
concluded that a building’s location and proximity to the previously mentioned amenities is
critical in determining the overall feasibility of renovating and reusing a particular building.
They also stressed that in order to examine this factor, accurate site investigations.and surveys

should be conducted and examined.
2.2.1.2 Social and Community Issues

The social and community issues which building renovation and reuse often encounter are
another important factor that must be considered prior to making the decision to renovate
(Poskanzer, 1996-97; Lion, 1982; Niskala, 1982; “Buildings”, 1996). Such factors are critical to
the 19 standards that the ASTM developed for determining the functionality of office buildings
(“Building”, 1996). It is important that the renovation of a building for the same or new usage
class is compatible with the functional and architectural objectives of the local community in
which it is located. Such community and social acceptance is a critical issue in insuring that
such a project runs smoothly. A large proportion of these studies have shown that the renovation
of an existing structure often displays a reinvestment into the community, and thus has the
potential to stirnulaté neighborhood pride and further development (Marsh, 1983; Poskanzer,
1996-97; Niskala, 1982; Iselin and Lemer, ed., 1993). Renovation has also been found to
preserve the past while promoting future economic growth within such communities.
Furthermore, building renovation has proved to be a major form of environmental improvement,
as it replaces the “tear down and rebuild” attitudes of the past with an attitude for recycling
~(Poskanzer, 1996-97).
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2.2.2 Building Age and Appearance

Recent research has determined that a building’s age and its overall appearance also contribute to
the decision making process for reuse (Poskanzer, 1996-97; Gann and Barlow, 1996; Lee and
Aktan, 1997). The practical and aesthetic consideration of the finished building should balance
the functional and economic aspects of new use with the conflicting aesthetics of the original
building (Poskanzer, 1996-97). Such factors have been used to categorize buildings in effort to
determine their feasibility for potential reuse (Gann and Barlow, 1996). Building age has also
been used as a determining factor within frameworks for determining and examining levels of
building deterioration (Lee and Aktan, 1997). Through such studies, it was concluded that

building deterioration is in fact strongly correlated to building age as well as other factors.
2.2.3 Building Deterioration

The issue of building deterioration and its effects on the overall feasibility associated with
building renovation and reuse had become the basis for several research programs. Most of this
research has focused on the different construction materials and building systems that were used

to complete a facility.
2.2.3.1 Construction Materials

The materials used td construct a facility (e.g., structural material and cladding type) and the
level of deterioration which they héve experienced or are intended to experience over time is one
of the main factors of recent deterioration analyses (Poskanzer, 1996-97; Lion, 1982; Lee and
Aktan, 1997). Before determining to renovate an existing structure, it is important to perform a
critical assessment of the building, including an investigation of the different building materials
used to comprise the structural system, the exterior enclosure (especially the roofing), and the
services systems (Poskanzer, 1996-97). Certain aspects of a building, such as windows
(deteriorated, visually objectionable, energy inefficient), insulation (deteriorated, may not
conform to modemn standards), structural stability (damage deterioration of structural materials),

and services (deterioration, leaks) should all be investigated and assessed (Lion, 1982).
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Additional research has developed a set of models that specifically help describe building
deterioration. The models, which have been developed, consist of a set of parameters (Building
Age, Building Materials, Occupancy Class, Cladding Type, and Building Maintenance) coupled
with a set of deterioration scales (No Deterioration — Slight Deterioration — Moderate
Deterioration — Severe Deterioration) (Lee and Aktan, 1997). These models thus provide a
platform for investors and developers to access information on the building stock. By
determining the amount of material deterioration and its relevant possibility of failure, one can
predict the feasibility of renovating a building as well as determine the extent to which repairs

must be made aside from any alterations.
2.2.3.2 Building Systems

In order to examine and determine the amount or levels of deterioration that a building may
possess, most of the past research has divided a building into more defined components or
building systems. The deterioration within these systems are then measured and used to

~ determine the feasibility and potential for future reuse or renovation of the building or of

particular parts or systems within the building.

For instance, in a recent study on the conversion of low class office buildings for reuse as badly
needed residential flats, a list of factors was developed for measuring the ease of conversion
(Gann and Barlow, 1996). These factors included the following systems: Building Structure
(type of materials/framing used), Building Envelope (type of materials/siding used, size and
number of windows) and Building Services (often the most expensive and tedious or labor
intensive aspect of building renovation/conversion). Other studies have also separated buildings
into similar building systems (Lion, 1982). THese building systems are:
1. Structural system — Foundation and the Structural framing
2. Enclosure System — exterior walls, exterior openings, exterior finishes, roofing and
sheet metal, and weatherproofing and insulation
3. Interior Finish System — interior partitions, interior openings, interior finishes (often
governed by the installation, etc. of services)
4. Services Systems — safety and security, comfort trades (heating, air conditioning,

ventilation, plumbing, sprinklers, electric, vertical transportation.
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Similar studies have organized such building systems within a hierarchy that divides them into
their individual components and even further into materials categories (Uzarski and Burley,
1997). This hierarchy was then used as a building tool for managing building assets. The
materials categories recognize that components made of different materials can have different

~ performance histoﬁcs requiring different maintenance and rehabilitation actions and frequencies.

An example of this hierarchy is shown below in Figure 2.1.

Figure 2.1 — Building Hierarchy (Uzarski and Burley, 1997)

BUILDING
SYSTEM SYSTEM
1 2
COMPONENT COMPONENT
1 : 2

L
1

MATERIAL MATERIAL.
CATEGORY 1 CATEGORY 1

2.2.4 Building Obsolescence

Building obsolescence has become a main concern and problem within the building construction
industry. “Anecdotal evidence suggests that the problem with facility obsolescence is
substantial” (Iselin and Lemer, ed., 1993). While the traditional “demolish and rebuild” theory
has been the solution to this problem in the past, renovation and reuse has now become the
primary solution for dealing with obsolescence. However, renovation and reuse of buildings
does not always present the least complicated and least expensive solution to this problem.
Therefore, several forms of research have attacked the issue of building obsolescence in efforts

to determine how to either slow its onset or completely avoid it. The method that is proposed
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and presented within this research involves the incorporation of capabilities within buildings to

accommodate future change.
2241 Whatisit?

The standard dictionary definition for obsolescence is “a condition of being antiquated, old-
fashioned, or out of date” (Lemer, 1996). An obsolete item is not necessarily broken, worn out
or otherwise dysfunctional, although these conditions may underscore its obsolescence. In most

" cases, things that are obsolete continue to function but at levels below contemporary standards.

Within building construction, obsolescence reflects the changed expectations regarding the
shelter, function, comfort, profitability, or other dimensions of performance that a facility is
expected to provide (Iselin and Lemer, ed., 1993). Obsolescence often motivates the need to
bverhaul, renovate or sometimes demolish a facility that no longer provides satisfactory service.
“Obsolescence is not a matter of design alone but must be considered within the context of a
facility’s entire lifecycle, from initial pllanning through operations and maintenance” (Iselin and

Lemer, ed., 1993).
2.2.4.2 Why does it occur?

There are several factors that have been determined to cause obsolescence. A facility’s initial
capabilities (e.g., durability of materials and flexibility of mechanical equipment) and how it is
maiﬁtained influence the likelihood or timing of the onset of ‘obsolescénce. Over time, the -
quality of service declines from its initial level as a facility exhibits the results of normal wear,
poor craftsmanship or materials, unlikely events, agin g-or some combination of such factors.
Although a facility or piece of equipment within that facility may function adequately in basic
terms, because it is old, antiquated or out of date, its service is simply unacceptable to its owners

and users, thus forcing it into obsolescence.

While all of these factors have been attributed to the onset of building obsolescence, four main

factors can cause obsolescence (Lemer, 1996; Iselin and Lemer, ed., 1993).
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1. .F unctional Factors — those that are related to the uses a building or spaces within the .
building are expected to serve, including regulatory changes that impose new
requirements on facilities;

2. Technological Factors —Technological changes that influence the scope or levels of
service which a facility is expected to provide thus affecting the efficiency and
service offered by the existing installed technology compared to new and improved
altefnatives;

3. Economic Factors — Economic or social changes in the markets within a region that
can .substantially alter the demands placed on the facilities and thﬁs affect the cost of
continuing to use an existing building, subsystem or component compared with the
expense of substituting some alternative; and

4. Social, Legal, Political or Cultural Factors — The broad influence of social goals,
political agendas, changing lifestyles (regulatory factors — ADA, etc.), and simply
changes in values or behavior of the people that use or own the facilities can
similarly alter the demands— however, these are more difficult to foresee.

The impacts of obsolescence can result in lost efficiency, rising costs, reduced output and
declining mdrale, thus promoting the importance for developing methods for preventing

obsolescence or avoiding it entirely.
2.2.43 Design Service Life vs. Physical Life of Buildings

One of the main misconceptions within the building construction market and industry, and one of
the main reasons why building obsolescence is commonly encountered at an unexpécted early
time, is the failure to distinguish between design service life and physical life. Design service
life has been defined as the length of time that a building, subsystems or component is designed
to provide at least an acceptable minimum level of shelter or service as defined by the owﬁer (15-
30 years) (Iselin and Lemer, ed., 1993). Physical life, on the other hand, is defined as the actual
time that it takes for a building, subsystem or component to wear out or fail, or the time period
after which a facility can no longer perform its function because increasing physical deterioration
has rendered it useless (Iselin and Lemer, ed., 1993). Elements that reach the end of their
physical life must be repaired, replaced, refitted or abandoned in order to function, while
elements that have reached the end of their service life can continue to function and may or may

not have to be replaced or refitted.



2.2.44 How to Avoid/Prevent Obsolescence?

The primary incentive to avoid obsolescence is the cost incurred when the effort is made to
update a facility or when the user or owner loses operating efficiency owing to facility
performance (Iselin and Lemer, ed., 1993). “Minimizing the impact of obsolescence — that is,
minimizing its costs through actions in planning and programming; design; construction;
operations; maintenance; and renewal; and retrofit or reuse - is accomplished by anticipating
changes, accommodating changes or both” (Iselin and Lemer, ed., 1993). Facilities can be
programmed, designed, and operated to be robust to be able to accommodate change without
substantial loss of performance capability. Such facilities can improve their ability to forestall or
avoid obsolescence by assuring that design guidelines and criteria are based on the latest
available information and provide for future change in technology and practice. Facilities can
also improve this ability by making flexibility an explicit design goal and appropriately using

design details or integrated building systems that enhance flexibility or adaptability.

In order to attack the issue of premature building obsolescence, it has been determined that
owners, designers, and constructors must institute actions in planning, programming, design,
construction, operations, maintenance, and renewal, retrofit or reuse of a facility that minimize
the impact of obsolescence by anticipating change or that accommodate changes that cause
obsolescence before the costs of obsolescence become substantial. While it is nearly impossible
to foresee changes that will occur over the service life of a facility, the thoughtful planning and
programming of a facility can do much to avoid early obsolescence, both for new construction or
substantial reconstruction, by striving to assure that a facility’s design is “robust.” Robust, in
this usage, means that the facility is capable of accommodating change without substantial loss

of performance capability (Iselin and Lemer, ed., 1993).

Several attempts have already been made in the past towards devising methods in which building‘
obsolescence can be controlled or avoided. For instance, Architect Richard Rodgers has made
accommodation of changes a basic element of his design philosophy: “I believe that many
architects misjudge the private needs of buildings. The rate of change in society — and you can
pick the computer or whatever you want as a symbol — makes long-term prediction impossible
and inflexible building unreasonable. A set of offices today might be an art gallery tomorrow. A

perfume factory may switch to making electronics. What we can do — and this is-the key to much
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of my work — is to design buildings that allow for change, so that they can extend their useful
lives. ...” (Iselin and Lemer, ed., 1993). He does so by separating the services from a building’s
useable space, making the services very accessible and organizing the building so that it does not

have to close when the services are being renewed.
2.2.5 Building Flexibility

While the blame for defects within buildings is often placed on the materials and its
obsolescence, too often it is actually the use or misuse of the material that is the cause. Typical
engineering design faults within building construction include:

1. The lack of full appreciation of structural stability and robustness, omission of tying,
lateral restraints, etc;
Inadequate attention to structural joints and connections;
The production of complex and practically unbuildable details;

Inadequate supervision of construction; and/or

“noh WD

The addition of insulation (or other environmental alterations) to the existing
building without appreciation of the consequences (Smith and Moore, 1992).
Meanwhile, the users of these buildings also make poor decisions that cause defects and
problems within built facilities. Some common user faults include:

1. Overloading of the building;

2. Alterations without structural design checks;

3. Lack of maintenance; and/or

4. Lack of inspection (Smith and Moore, 1992).
By incorporating flexibility within the initial designs of a building, the amount of incideﬂts n

which such faults occur could be decreased.
2.2.5.1 Whatisit?

Past research has defined flexibility as the ability to readily accommodate changed uses, more
intense uses and new service systems (Iselin and Lemer, ed., 1993). For the purpose of this
research, flexibility within buildings is defined as the interactions within and among building
systems that influence the capacity of built facilities to accommodate change over the long term

(Slaughter, 1997). This definition explicitly includes the nature of the building systems and the
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specification of the different types of changes that built facilities commonly experience over

time.

.Within the building constructidnAindustry, “A flexible facility is one that in the ideal world, the
operations could change overnight. A flexible facility is a building that understands the work
environment is a work in progress, and it will always be a work in progress. It’s designed to
adapt and accommodate continuing changes” (Patterson, 1998, pg. 39). Experience shows that
flexibility or adaptability to change, no matter how it is achieved, is a valuable characteristic that

helps to delay or avoid obsolescence.
2.2.5.2 Why is it important in today’s construction market?

In today’s market place, most business environments encounter fast-paced technologically driven
'changes. In order to meet these changes and allow these businesses to function efficiently and
prosperously, flexibility must be incorporated into all aspects of their business plan. This
includes flexibility within the building that houses their offices and operations. “Today’s tenants
need what they need when they need it - Now. Downtime means money down the drain and
today’s businesses won’t stand for it... When you talk flexible building, you just can’t pinpoint
it. You have to be in a position to make your building do whatever it can for your clients that are
sitting in it. If that’s one day an enclosed office space with plush carpeting and window offices,
that’s one thing; but on the next day, if you want to knock down those walls and you want to put
partitioned offices out there so everyone can now enjoy the windows, you need to be able to do
that” (Patterson, 1998, pg. 38, 41). In order to achieve this goal, flexibility should be made an

explicit design goal for all building construction projects.

2.2.6 Problems Associated with Building Renovation and Reuse

A renovation project is often subject to a number of diverse constraints: physical, dimensional,
design considerations, building codes and insurance requirements (Gann and Barlow, 1996).

Through several research projects, the most common technical limits to building conversion have

been determined. These limits are shown in Table 2.1 on the following page.
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Table 2.1 — Technical Limits to Conversion (Gann and Barlow, 1996)

Orientation

External Noise Source

Car Parking and Amenities
External Access

Size Total Floor Area

Height

Depth of Building

Floor Shape

Grids

Floor to Ceiling Height
Structure Penetration for Services
Envelope Cladding

Services Installation of Services to Individual Units
Acoustic Separation | Floors and Partitions
Flanking Transmission

Fire Protection Means of Escape

Access for Fire Brigade

Fire Detection and Alarms
Preventing Spread of Flames

While many professionals argue that these limits are unavoidable due to the economic/financial
“burden that is commonly misconceived to be associated with avoiding them, past research has
shown that it is in fact possible to design flexible buildings with respect to those limits. Several
attempts have been made which involve specific building characteristics as well as methods of
design that provide flexibility within a building so that it can accommodate future changes more
easily and thus extend its useful life. For example, the provision of large column free areas give
maximum flexibility in moving partitions, and 24 to 30 foot column spacing continue to provide
such areas, without excessive increases in structural costs (Iselin and Lemer, ed., 1993). Another
example is the segregation of services from user-occupied space. This reduces constraints on the
user space, but more importantly facilitates modification and updating of services through the use
of raised access flooring, interstitial ceiling space, floor to floor distances of 15-16 feet, or
through clustering services together in bays, canyons, and/or central points (Patterson, 1998).
Another method that has become common, especially within office buildings, is the concept of
modularity (Kendall, 1994; Patterson, 1998). This concept, in which changeable, moveable and
de-mountable enclosure and partitioﬂing systems are used to define the layouts of the interiors of
such buildings, increases the building’s capabilities to change. Projects with considerable site

constraints have incorporated the construction of extra structure, foundation and unfinished
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enclosed space to allow for future expansion and change. Although this method may increase the
initial costs, it also offers substantial reductions in lifecycle costs associated with obsolescence

and future renovation or reuse.

Through incorporating such designs and methods within a built facility, the problems commonly
associated with building renovation can be reduced or avoided all together. The research
presented within this paper attempts to expand on these previous attempts, as it proposes a design
framework that can be used to help determine the critical aspects within a building that allows

buildings to accommodate future change and thus allows conversion to occur more easily.
2.3 Relevance to this Research

The thought process used for this research involved using past research on building renovation
and reuse as a filter from which the research would flow. Therefore, the issues previously
described regarding urban planning, building age, building appearance and deterioration are
considered as inputs for this filter. From this filter, this research attacks the issues regarding
building obsolescence. Rather than concentrate on the building as a whole, which past research
programs have done, this research instead concentrates on the individual building systems and
components that comprise a building. It attacks the issue of obsolescence through analysis of
these systems and their inherent capabilities to accommodate necessary changes over time.
Through these analyses, the research determined a set of critical attributes for each of the
building systems which should be considered in order to increase the flexibility which a built
facility possesses and thus allow the facility to adapt to changes over time. Furthermore, this
research explores the different trends in usage class changes, as well as the interactions that exist
between the different building systems as they undergo the required changes to meet these trends

in usage change.

The issue of urban planning largely relates to the changes in usage class, which are evident
within a large majority of building renovation projects. A building’s location has commonly
been thought to restrict the type of usage class that a building might be used for, largely due to
local zoning and building codes. However, oftentimes renovating a rundown facility and
introducing a new usage for that dilapidated building could help revitalize a dying neighborhood.

.By incorporating dynamic building usages within these neighborhoods, new opportunities,
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demands and needs for usage shifts could be created. Through analyzing several case studies,
this research shows that such shifts in usage class exist and that they can in fact impact

neighborhoods and communities in positive ways.

Past research has concentrated on building age and appearance at the broad scope, namely taking
the entire building as a whole. However, it fails to investigate building age at a more detailed
level, for instance within each of the building systems. The age and conditions of the individual
systems that comprise a building are important factors for determining the levels of renovation
required for making reuse feasible. Therefore, this research concentrates on the individual

building systems within a built facility and the changes which they endure over time.

- Past research has used a common breakdown of building systems within a building for analysis
purposes (Figure 2.1). This breakdown hierarchy begins with the building as a whole, which
breaks down to the main building systems, which break down to their individual components,
which ﬁnally are broken into their different materials. Yet this ideal hierarchy which has used in
the past fails to incorporate the interactions which may exist between the different systems and

v their components. Through the analyses performed, this research shows that such interactions do

exist, and determines what they are and where they occur.

While the factors previously described within this chapter are very important and certainly must
be addressed when considering whether or not to pursue the renovation of an existing building,
they do not fall within the bounds of this research. This research assumes that such exogénous
factors have already been assessed, and instead concentrates on the physical aspects, or the
“bones and guts”, of a building which also determine the feasibility of renovation and
rehabilitation. Furthermore, while this research can apply to nearly every type of building
design, from small residential family housing to skyscrapers, it primarily concentrateS at this

stage on mid to low rise buildings.
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3 Presentation of the Design Framework

31 Pui‘pose of the Framework

The intent behind creating a design framework was to develop a systematic means for owners,
developers, designers, and constructors to assess the capacity of a built ‘facility to accommodate
specific types of changes over the long term. The first step taken to create this framework
involved the development of a theory on how buildings are capable of accepting change and
successfully adapting to that change. This theory incorporates the common breakdown of a
building into its four main building systems: the structural system, the exterior enclosure system,
the services system, and the interior finish system. In order to study these systems and determine
how they respond to certain types of change that may occur over the lifetime of a building, a set
of change criteria were developed. The four building systems and the set of change criteria were
used as two dimensions within which the sample of building renovation projects was examined.
These dimensions were used to examine the case studies and gather empirical data regarding
changes within the particular systems as well as shifts or changes in usage class. Based upon this
-theoretical approach and the empirical data obtained, the critical attributes which influence a
building’s capability to respond to the specific categories of change were determined for each of
the building systems. These attributes were then organized within a matrix to serve as the

framework.
3.2 Definitions of Building Systems Analyzed

For the purpose of this research, each buildiﬁg was dividéd into four primary building systems.
These four systems are the structural system, the exterior enclosure system, the services system
and the interior finish system. Each of these systems consists of particular components that
ultimately work together to produce a sound building which fulfills its intended use and provides
a comfortable environment. The structural system, as shown in Figure 3.1, consists of the
foundation, the columns, the beams, the floors, and the soil beneath the building — essentially the
components that make up both the subétructure and superstructure of the building. The enclosure
system, which is shown in Figure 3.2, includes the roof, the walls, the cladding and any
openings, such as windows and doors. Figure 3.3 displays the services system which includes

“such building components as the heating system, cooling system, energy system, water/plumbing
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system, sewer system, electrical system, telecommunication system, fire safety system and
security system. The interior finish system includes the finished floors, walls, ceilings, doors,

and windows as well as the acoustics within the interior of the building, as shown in Figure 3.4.

Figure 3.1 - Structural System and Components
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Figure 3.2 — Exterior Enclosure System and Components
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Figure 3.3 - Service System and Components
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Figure 3.4 — Interior Finish System and Components
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3.3 Definitions of Change Categories Used

During the actual life of a built facility, several different types of changes can be expected to

occur. Most changes are caused by the factors listed below in Table 3.1.

Table 3.1 - Common Factors Which Cause Change in Buildings
(Iselin and Lemer, ed., 1993).

Cotd

The adoption of new standards and codes

Rising performance expectations

Major technological changes

Major changes in functional requirements
Major organizational changes

Shifts in property values

Poor maintenance or abuse of systems
Aesthetic shifts

While past research performed on building renovation and reuse has commonly classified such
changes in the categories of function, economics, and technology, this research focuses on the
physical systems and their capability to accommodate change rather than the causes of those

changes.

For the purpose of this research, these changes which built facilities/buildings undergo, have
been broken down into three main categories of change: function, capacity, and flow. Functions
refer to the set of activities or components within a building which achieve a specific objective.
They can be performed by the building itself (e.g., provide shelter) or with respect to human
activities (e.g., transportation, manufacturing, and housing) (Slaughter, 1997). Capacity refers to
the ability of a building, its systems, and their components, to meet certain performance
requirements (Slaughter, 1997). Flow can be characterized as the building, its systems, and their
components’ interactions with the surrounding environment and its usage population. The flows
can relate to climatic conditions (e.g., the circulation of air conditioning throughout a building)
or to the movement of people and/or things (e.g., the movement of people from one floor to the

next within a building) (Slaughter, 1997).

Each of the three change categories was broken into specific subcategories for analysis purposes.

Changes in function include three main categories: 1) the upgrade of existing functions; 2) the
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incorporation of new functions within existing facilities; and 3) the modification of existing
facilities to accommodate different functions or usage. The upgrade of existing functions
generally entails the modification a set of existing activities or components to allow them to
continue to achieve the same objective. For example, replacing single paned wood framed
windows with double paned metal framed windows still achieves the same function (i.e.,
providing light and air), but the new window has additional attributes which may offer different
benefits (e.g., lower maintenance costs, decreased air infiltration, and improved energy
efficiency) (Silaughter, 1997). Incorporating new functions, on the other hand, refers to the
addition of an activity or component that achieves a new objective in addition to those which
already exist (Slaughter, 1997). Fof example, adding a passenger elevator within a school
building might introduce an objective that was not previously met. Meanwhile, the modification
for a new usage refers to the modification of a building, its systems, and/or their components to
meet a totally new set of objectives (Slaughter, 1997). This change category provides
clarification of the set of expected functions with respect to predictability and also provides

specificity with regards to the change requirements from one usage to another.

Changes in capacity are separated into two categories: 1) The ability of a facility to meet certain
performance criteria in loads or conditions, and 2) changes in the overall volume of the facility.
Changes in loads and conditions can occur due to changes within the usage characteristics of a
building, changes in the building codes, and changes in the surrounding environment (climatic
and other) which effect the existing building. Changes in volume capacity generally refer to the
provision or construction of additional useable space to allow the usage requirements of the

building to be better met.

Changes in flow can be categorized as either: 1) changes in the surrounding environment, or 2)
changes in the passage, movement or arrangement of people or things within a building space.
Environmental flow changes commonly entail changes in climatic conditions with respect to air,
heat, light, humidity, and others. Changes in the flow of people and things simply entail the

management of people and things within a building.

All of the definitions for the change categories and subcategories are provided within Table 3.2

on the following page. For each of the change categories listed in Table 3.2, a set of measures
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were determined and used when analyzing the building cases. These analysis measures are listed -

within Table 3.3.

Table 3.2 — Definitions of Categories of Change

UPGRADE

The upgrade of existing facilities to meet the requirements of the building’s
usage class whether it remains the same or is new.
(e.g., Improve the HVAC)

NEW FUNCTIONS

The incorporation of new functions within existing facilities to meet the
requirements of the building’s usage class.
(e.g., Add air conditioning)

MODIFICATION

The modification of an existing facility to meet the requirements of-and
accommodate a different usage class.

(e.g., Add bathrooms , etc., to change an office building into an apartment
complex)

The ability of a facility to meet certain performance criteria in loads and

LOADS/CONDITIONS | conditions for a particular usage class.

(e.g., Changes in seismic requirements)

The incorporation of changes in overall building, or in system volume within
VOLUME a facility to meet the requirements of the particular usage class.

(e.g., Add atriums or floors)

S

The incorporation of changes in the surrounding or internal environment

ENVIRONMENT within a building facility.
(e.g., Enhancing of ventilation through mechanical systems, windows or both)
The incorporation of changes in the passage, movement or organization of
PEOPLE/THINGS people and objects within or around a building’s space.

(e.g., The installation of a new internal stairway)

Within the three general change categories, the exogenous changes which a building might

experience (e.g., economic, aesthetic) were delimited. By examining the degree to which each of

the four building systems can accommodate these three changes, the overall building flexibility

was measured. The empirical data obtained through the analysis of the 45 case studies indicate

that the characteristics of the four main systems (i.e., structural, enclosure, services, and interior

finish) of a building establish the degree to which the existing systems can accommodate

flexibility for the building as a whole. The results of this analysis were then used to create the

foundation for the lifecycle design framework.
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Table 3.3 — Analysis Measures used for each Change Subcategory

None

Repair

Repair and Upgrade
Upgrade

# New Functions

None
Minor
Major

None
Yes
None
Small
Large
None
Yes
None
Yes

3.4 Design Framework

Using data collected from actual renovation projects, the framework presented in Table 3.5 was
empirically derived. This framework can be used as a diagnostic tool to assess the capacity of a
building to accommodate specific changes in requirements. The framework is a matrix with two
dimensions, the four main building systems on the horizontal axis and the change categories on
the ‘vertical axis. These change categories were mapped for each of the four building systems.
Using this mapping, and analyzing 26 detailed building renovation case studies, empirical data
was gathered for developing the framework. The body of this framework consisting of the cells
within it, displaying the empirically derived attributes within each building system that are
critical for accommodating each of the respective change subcategories. All of these attributes
were determined to be critical for allowing the particular changes to occur within the building for
the renovation projects examined. By incorporating them into the framework, it is intended to
provide designers, owners, and constructors with a starting point to consider prior to designing

and building.
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3.4.1 Mapping of the Change Categories to the Building Systems

The mapping of the change categories and subcategories to the four different building systems

was critical for determining the relevance of this design framework. Therefore, it was important

to ensure that the changes do in fact map with the building systems in a realistic and clear way.

The mapping for each of the four building systems is explained in Table 3.4.

Table 3.4 — Building Systems vs. Change Categories Matrix: Definitions of each Change for
the Respective Building Systems

Any repair, washing,
or upgrading of the
existing building
facade: including the
walls and any
windows or doors

Any repair, reuse or
upgrade of existing
services; replacement
of existing outdated
services with new
ones

Any repair,
reinforcement etc. of
existing finishwork;
existing walls
repainted, replastered
etc.

Addition of new
floors, areas, or any
other structures that
would require new
structural members

Addition of new
exterior - panels,
atriums, etc. - that
was not part of the
existing exterior

Any addition of an
entirely new service
that was not included
in the exiting
building (e.g., A/C)

Installation of
entirely new
finishwork - new
walls, etc.

Any modification,
reinforcement , of
existing structural
system to meet new

Any repair, upgrade
of the existing fagade
to meet the needs of
the new building
usage

Any repair, reuse or
reworking of existing
services or parts
thereof to meet new
building usage needs

Any repair, reuse or
reworking of existing
finishwork to meet
new usage needs

structural conditions

Changes in any load
or condition which
the exterior must
support (e.g., Load

|bearing to non-load

bearing panels)

Any changes in the
amount of power or
amount of
connections for a
service

Changes in any load
or condition which
the interior walls, etc.
must support (e.g.,
Load bearing to non-
load bearing walls)

Changes resulting in
overall changes in
the volume of the
building's space

Changes which result
in overall changes in
the volume of the
building's space

Changes which result
in overall changes in
the volume of
particular services

Changes which result
in overall changes in
the volume of the
building's space

Changes effecting
overall environment
within and around
the building

Changes effecting
overall environment
within and around the
building

Changes effecting
overall environment
within and around the
building

Changes effecting
overall environment
within and around the
building

Changes effecting
overall movement
or arrangement of
people and things
(furniture, etc.)

Changes effecting
overall movement or
arrangement of
people and things
(furniture, etc.)

Changes effecting
overall movement or
arrangement of
people and things

Changes effecting
overall movement or
arrangement of
people and things

(furniture, etc.)

(furniture, etc.)
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3.4.1.1 The Structural System

All three ‘of the main change categories and their respective subcategories map to the structural
system of a building. The upgrade of existing functions within a building’s structural system is
simply the requirement of a highef functionality of the existing function. For instance, a change
in building codes for higher load capacities due to certain equipment would require the upgrade
of the current structural system to meet the loads (Figure 3.5). The incorporation of new
functions within the structural system of a building could entail the addition of new structural
members to accomplish new objectives, such as seismic dampers (Figure 3.6). The modification
of the structural system for a different building usage, on the other hand, entails the reworking or
upgrade of the existing building as well as the incorporation of any new structural members or
functions that are required to meet the new building usage (Figure 3.7). While such changes
could fit within the first two change subcategories defined, it was considered that all changes
required to meet an overall change in building usage should be kept together for research
purposes. This allows specificity to be made with regards to the change requirements from one
usage to another and hence enhances the clarification of the set of expected functions that result

from such changes in building usage.

Figure 3.5 — Example for Upgrade of Existing Functions for the Structural System:
Wrapping of Structural Columns
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Figure 3.6 — Example for Incorporating New Functions for the Structural System:
Installation of Seismic Dampers

Existing Components: I__:'

New Components:

Seismic Dampers Installed

Figure 3.7 — Example for Modification for New Usage for the Structural System:
Construction/Incision of Atrium within Building

/
1

A Incision of Atrimy

With regards to changes in capacity, changes in loads and conditions within a structural system
refer to any changes which are required due to a change within the loads or structural conditions
which a building may experience (Figure 3.8). Changes in volume refer to changes in the
volume of the structural system (e.g., the addition of extra floors), as well as changes that result
in the building’s volume due to modifications or upgrades of the existing building structure (e.g.,
the incision of large shaft openings in the floor slabs of a bliilding effect the overall volume of

 the building) (Figure 3.9).
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Figure 3.8 - Changes in Loads/Conditions for the Structural System

Additional Loads

F}gﬁre 3.9 - Examples for Changes in Volume for the Structural System: Construction of
‘ an Addition and an Atrium

Addition to Building

Changes in environmental flow, with regards to the structural system, generally refer to changes
caused by site constraints or other building issues. While such changes in environmental flow
are not prevalent for structural systems, changes in the flow of people and things are. Such
changes in flow can be separated into two main categories: vertical flow, and horizontal flow.

- Changes in vertical flow involve issues regarding maintaining the stability and continuity of the
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structural floors while changing the flow of people and things (e.g., construction of utility shafts,
new stairwells, and elevator shafts). Horizontal flow involves issues regarding the particular
type of structural system (e.g., a masonry bearing wall system makes it hard to construct new

openings such as doorways to change the flow within a building).
3.4.1.2 The Exterior Enclosure System

All three of the main change categories and their respective subcategories map to the exterior
enclosure system of a building. The upgrade of the exterior enclosure refers to upgrade of the
existing building fagade including repair, washing and replacement of the walls, windows, doors,
or the roof to meet the requirements of a higher function (Figure 3.10). The incorporation of a
new function pertains to the addition of a new exterior or parts thereof, which continue to fulfill
existing objectives while at the same time introducing a new functional objective. For example
replacing existing fixed windows with operable windows still allows light to infiltrate the
building but also provides a new mechanism for ventilation and the provision of outside air into
the working space (Figure 3.11). The modification of an exterior entails any reworking of the
exterior and its components to meet the requirements of a new building usage. For example, the
reworking of a warehouse or manufacturing building with small windows to an office building
with large open windows (e.g., 270 Albany Street, Cambridge, Massachusetts, see Appendix B)
(Figure 3.12).

Figure 3.10 — Example of Upgrade of Existing Functions for the Exterior Enclosure System
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Figure 3.11 - Example of Incorporating New Functions for the Exterior Enclosure System:
Replacement of Fixed Window with an Operable Window

Figure 3.12 - Example of Modification for a New Usage for the Exterior Enclosure System:
Change in Window Size from Warehouse Use to meet Office Use

Warehouse } o Ofc

Changes in capacity with respect to loads and conditions for the exterior enclosure system
generally entails two main issues. The first incorporates the conditions of the exterior. The
condition of the exterior refers to any deterioration, pitting, or other damage that might affect the
overall stability or the appearance of the exterior enclosure. The conditions of the exterior
generally result in changes in the loads which the exterior either supports or places on the
building as the exterior requires modification and/or replacement of parts or all of the exterior
systems to repair them. For example the replacement of an existing precast concrete panel
exterior used for a manufacturing building with a new precast concrete paneled and glass curtain
wall system to meet an office usage class (Figure 3.13). A change in volume capacity of the
exterior enclosure system simply refers to a change in the overall volume of the exterior. For
example, the addition of a new floor on top of a building or a new entrance lobby to the front of a

building entails an increase in the volume of exterior to enclose it.
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Figure 3.13 — Example of Changes in Loads and Conditions for the Exterior Enclosure
System: Manufacturing to Office Building

Manufacturing l . | Office

A change in environmental flow with respect to the exterior enclosure refers to a change to the
exterior enclosure, which alters the climatic conditions within a building. For instance, the
replacement of fixed windows with operable windows allows the ventilation of air inside and the
infiltration of air from outside a building (Figure 3.11). Similarly, a change in the flow of people
and things entails a change to the exterior enclosure system that modifies the flow of people
and/or things into and within a building. For example, the construction of a second entrance to a
building which did not previously have one (e.g., 28 State Street, Boston, Massachusetts, see

Appendix B).
3.4.1.3 The Services System

All three of the main change categories and their respective subcategories map to the services
system of a building. The upgrade of existing functions within the services system entails the
repair, reuse, and or replacement of vexisting services that have become obsolete for the particular
objectives, which they fulfill. For example, old rotary telephones are replaced by touch tone
telephones which are then replaced by wireless telephones. The incorporation of new functions
with respect to the services system entails the addition of a new service within a building which
originally was not required to meet the buildings usage but has since become necessary, for
instance, the incorporation of a passenger elevator within an office or academic building to meet
the Americans with Disabilities Act regulations. The modification of the services systems to
meet a new building usage entails the repair and upgrade of existing services as well as the

addition of new services within a building to meet the new usage. It is considered that such

50



repair, upgrade and additiohs to the services system would not have taken place had the
building’s hsage not changed. For example, when a manufacturing building is renovated to meet
usage as a residential building, the existing electrical, plumbing and sprinkler systems must be
upgraded and/or replaced, and a new HVAC system must be installed (e.g., Worthington Place,
Cambridge, Massachusetts, see Appendix B).

Changes in capacity for the services system differ slightly from those within the other building
systems. Changes in loads and conditions entail changes in the power, size, and amount of
distribution means for the various service equipment and systems, such as enhancing an old
telephone wire network to a larger fiber optic cable network. Changes in volume also entail
changes in the size and distribution of the service systems within a building. For example, an
increase in the amount of available outlets for computer and electrical equipment within an office

building to meet required usage needs.

Changes in flow within the services system are interesting. Changes in environmental flow entail |
changes within the services system, such as the repair or upgrade of existing services and/or the
addition of new services, which change the overall climatic conditions within and around a
building (e.g., the incorporation of a new HVAC system within an office building). Changes in
the flow of people and things, on the other hand, refer to changes in the services system, which
modify the flow of people and things within and around a building. For example, the
incorporation of a new passenger elevator within a building enhances the flow of people and

things from on floor to the others.
3.4.1.4 The Interior Finish System

All three of the main change categories and their respective subcategories also map to the interior
finish system of a building. The upgrade of existing functions within the interior finish system |
entails any repair, replacement, and reuse of the existing finishwork within a building (e.g., the
rebuilding, replastering, and repainting of existing interior walls to form private rooms or the
replacement of existing flooring or rugs with new materials). The incorporation of new functions
entails changes to the interior finish such as the modification of an open office building plan to a
more private enclosed office plan through the construction of new interior rooms and partitions.

The modification of the interior finish system entails any repair, reuse, or reworking of the
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existing finishwork as well as the addition of new finishwork to meet the requirements of a new
building usage (e.g., the adaptation of an open manufacturing space into numerous private
apartment complexes, such as at Worthington Place, Cambridge, Massachusetts, see Appendix
B).

Changes in capacity for the interior finish system resembled those defined for the structural and
exterior enclosure systems. Changes in loads and conditions refer to any changes in the
conditions of the existing interior walls, and other finish component and the respective changes
in the loads which they might support and carry (e.g., changing flooring material to better take
increased foot traffic within a building). Changes in volume entail changes to the interior finish
system, which result in changes to the overall volume of the building. For example, the
construction of new utility shaft areas, mechanical rooms, conference rooms, and privafe offices
within the center of an office building, where none previously existed, changes the overall useful

space for remaining office space and requires changes in the interior finish system.

Changes in flow are particularly interesting with regards to the interior finish system. Changes in
environmental flow entail changes to the interior finish system, ;Nhich effect the overall climatic
conditions within a building such as the flow of air and light into and within a building. For
instance, the modification of an open floor plan to a maze of private apartments changes the
environmental flow within a building. Such a modification also effects the flow of people and
things within a building. Changes in the flow of people and things with respect to the interior
finish system entails similar changes to the finish system which modifies or adjusts the flow of

people and things into, within, and around a building.
3.4.2 The Framework

The framework which is presented in Table 3.5 serves as a diagnostic tool for assessing the
capacity of a building’s four main systems to accommodate specific categories of change
overtime. The framework displays the empirically derived attributes within each of the building
systems that are critical for accommodating each of the respective change subcategories listed.
This empirical data was obtained through detailed analyses performed on 26 case studies
involving buildings that experienced extensive or emergency renovations. Through these

analyses, the critical attributes, which require consideration before, during and after renovation
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of the building in question occurred, were determined and recorded. These attributes were then

organized together and placed within the respective cells of the matrix shown in Table 3.5.

This framework functions as a starting point, which owners, designers, and constructors can refer
to prior to proceeding with a renovation project. By using this framework as a reference, these
professionals will be able to identify and therefore consider the necessary attributes which have

been shown to influence renovation and its overall feasibility in past renovation projects.

Each of the attributes listed within the matrix possesses different yet similar definitions,
depending on the building system that they apply to. For most of these attributes, the initially
designed characteristics of the building system and the current and future conditions for which
the system must operate must be compared and analyzed to predict the level of renovation
required and thus the feasibility of pursuing that renovation. For example, when upgrading
existing functions within.the structural system of a building, it is important to consider the load
capacity of the building’s structure. This entails not only looking at what loads and conditions
that the building must support in the future, but also entails an in-depth analysis of the loads and
conditions which the building was originally designed to meet, as well as the loads and
conditions which it currently carries. All of the definitions for these attributes are shown within

Appendix C.

While this framework displays the attributes within each building system which are critical for
allowing a building to accommodate each of the respective change categories over time, it does
not display the interesting links which appeared to exist among the building systems as well as
the change categories. While examining the building renovation project case studies, several
interactions and linkages appeared to exist amongst the different building systems and the
respective change subcategories. These linkages are listed with the attribute definitions found in

Appendix C, and are further discussed in Chapter 5 of this thesis.
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Table 3.5 — Summary Téble of Systems by Change Category, Where Each Cell Displaysa
Specification of the Particular System Characteristic that is Critical to Accommodating the
' Respective Change Subcategory.

LOAD CAPACITY  |LOAD CAPACITY LOAD CAPACITY SYSTEM TYPE
SPECIAL
BUILDING CODES  |SYSTEM TYPE SYSTEM TYPE REQUIREMENTS
PERFORMANCE PERFORMANCE
SYSTEM TYPE REQUIREMENTS REQUIREMENTS SPATIAL DIMENSIONS
SPECIAL PERFORMANCE
REQUIREMENTS REQUIREMENTS
BUILDING CODES
LOAD CAPACITY  |LOAD CAPACITY .  |BUILDING CODES SPATIAL DIMENSIONS
PERFORMANCE PERFORMANCE
REQUIREMENTS REQUIREMENTS LOAD CAPACITY BUILDING CODES
SPECIAL PERFORMANCE PERFORMANCE
REQUIREMENTS SPATIAL DIMENSIONS | ) UIREMENTS REQUIREMENTS
BUILDING CODES SYSTEM TYPES
SPATIAL
DIMENSIONS
LOAD CAPACITY  |LOAD CAPACITY = |LOAD CAPACITY BUILDING CODES
PERFORMANCE PERFORMANCE PERFORMANCE
REQUIREMENTS REQUIREMENTS SYSTEM TYPES REQUIREMENTS
: SPECIAL PERFORMANCE
SYSTEM TYPES REQUREMENTS REQUIREMENTS SPATIAL DIMENSIONS
SITE/BUILDING
ISSUES
LOAD CAPACITY  |LOAD CAPACITY LOAD CAPACITY LOAD CAPACITY
BUILDING CODES = |BULLDING CODES BUILDING CODES
PERFORMANCE
SYSTEM TYPE SYSTEM TYPE REQUIREMENTS
PERFORMANCE
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