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We spend most of our time inside buildings, but did you know that
owning a building can be very expensive? There are many tasks we
need to do on a regular basis to keep our buildings in good shape.
These tasks are called maintenance, and they require materials and
labor, which cost money. Therefore, building owners try to keep
their buildings in good shape for as long as possible. Buildings can
also have negative impacts on the environment, which we want
to avoid. By analyzing how a building’s condition changes over its
lifetime, we can predict when it will need maintenance. This allows
us to fix problems before they become more expensive and worse
on the environment. To do that, engineers use a process called
life-cycle analysis to make decisions on where and when to invest
time and money on building maintenance. In this article, we will
explain life-cycle analysis and use the example of a house to describe
the concept.
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Figure 1

Components of a
house that will need
repair include the roof,
air conditioner, siding,
and more. Each of
these components may
fail after a different
amount of time.

COMPONENT

A part that makes up a
whole when combined
with other parts.

MAINTENANCE

The tasks that must be
done to keep property
or equipment in

good shape.
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Figure 1

WHAT DO WE NEED TO KNOW TO KEEP BUILDINGS
HEALTHY?

Buildings, such as your house, consist of many parts. These parts are
called components, and each one serves a purpose. The components
of a house include the foundation, roof, gutters, windows, siding,
electrical system, plumbing, walls, and more. All of the components
must work together to fulfill the building’s purpose [1]. If one of the
components fails, the entire building may not be very useful. Imagine
a storm suddenly blows a tree over, and it pokes a hole in the roof of
your house. The rest of the house’'s components, like the plumbing,
might work fine. But the roof failure means that the building fails its
purpose, which is to keep you warm and dry.

Buildings, like your house, cost money to build or buy, but on top of
this initial cost, there are ongoing maintenance and repair costs. The
maintenance and repair costs include many tasks that require both
time and money. For example, as shown in Figure 1, a house needs
a new roof every 20 years; the gutters need to be cleaned every fall;
the air conditioning parts need to be cleaned every few months; holes
in the siding need to be repaired frequently; the bathrooms need to
be renovated every 20 years; your sister's room needs to be repainted
when her favorite color changes; and more. The number of tasks over
your house’s long lifetime, known as its life cycle, really add up. This is
what makes the maintenance phase so expensive. However, we invest
time and money into our houses because maintenance helps make
their life cycles longer.

In addition to costing money, each building also has an impact on
the environment around it. These impacts are often negative [2]. For
example, the land your house was built on was cleared of plants and
trees. Removing plants forces the animals that lived there to move,
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LIFE-CYCLE
ANALYSIS

A way to look at the
costs and
environmental impacts
of repair on a building
throughout its

entire life.

ANALYSIS

A detailed study of
something complex in
order to understand
how it works.

METHODICAL

Following a clear set of
steps that can be

repeated over and over.
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which is bad for the environment. The wood used to construct the
walls was collected with equipment that runs on fossil fuels and
pollutes the air. When the roof gets replaced, the old material is
taken to a landfill. And if we do not take care of the air conditioning
system properly, the fluids needed to run it can be harmful to the air
we breathe.

Let us think even bigger than a single component. As you may imagine,
larger buildings, like factories, require more maintenance than your
house because they have more components. If a factory has five
air conditioning units instead of one, how can the owners possibly
track when each air conditioning unit needs to be replaced? The
components that make up a building cannot last forever. All equipment
and materials break down over time. Eventually, some component
will be in such bad condition that it must be repaired or replaced.
However, each component has its own, unique life cycle. The air
conditioning parts may last 6 or 7 years, but the building’s roof
might last 20 years. Building owners collect data on each component
to see how long it usually lasts. Collecting data is the first step in
performing a life-cycle analysis, which helps keep maintenance and
repair tasks organized.

WHY MAINTAIN BUILDINGS WITH LIFE-CYCLE
ANALYSIS?

Life-cycle analysis is a methodical and scientific tool used to analyze
a building throughout its lifetime, in order to make decisions regarding
maintenance and repair [3, 4]. This definition sounds complicated,
but we will break it down. "Methodical” means that the life-cycle
analysis follows a clear set of steps that we can repeat over and
over. Being methodical is most important for big buildings with many
components. “Scientific” means that the process is backed by data
and research. Engineers have developed multiple ways to predict how
long a building will last and how much it will impact the environment.
Math equations make this possible. The phrase “throughoutits lifetime”
means we collect data on the condition of the building at multiple
times. We want to learn about the building’s condition at the beginning
of its life, the end of its life, and every point in between. We cannot
predict the exact time that a building will need maintenance, because
that depends on many factors. These factors include weather, how
much the building is used, and how much maintenance we do
[1]. However, by analyzing a lot of data, we can make reasonable
predictions. Finally, "make decisions” refers to why we chose to
conduct a life-cycle analysis. Typically, we use data to make decisions
on how to spend our money. We want to know when to repair each
component. Again, repairs can help buildings last longer and decrease
their impact on the environment. Repairs are costly, however, and
building owners also want to minimize their costs.
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Figure 2

(A) If no repairs are
completed, a house will
eventually fail. (B)
However, if repairs are
done before failure, the
house will last longer.
Maintenance and
repairs can increase the
house’s life, and some
repairs can reduce the
house's cost and
environmental impact.
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Figure 2

Figure 2A shows when a building component, like the roof, would
normally fail if no maintenance or repair work was done. The roof
goes from good condition to average condition to bad condition
over time. However, through proper life-cycle analysis, engineers can
estimate when components are most likely to fail. In Figure 2A, we
show a roof failing after a few years. We made this prediction based on
experience with many buildings, and most of those roofs failed around
the same time. With this knowledge, we can plan maintenance and
repair projects before the roof caves in completely. The most efficient
time to invest in repairs is before failure [1]. Because we know when
the roof is likely to fail, Figure 2B shows a repair being completed
before that failure time. The repair improves the building’s condition
right away. After the repair, the roof still goes from good condition to
average condition to bad condition. However, this happens at a later
time than in Figure 2A. Each maintenance or repair task can increase
the building’s life by a few months or even years. In the end, the roof’s
life cycle has been increased. Additionally, certain maintenance tasks
can also reduce the building’s environmental impact. For example,
we can trade out old, incandescent light bulbs for more efficient,
earth-friendly light-emitting diodes (LEDs). This task will decrease
the amount of energy needed to light the building. This is both
cost-effective and better for the environment.

Let us consider your house again. Your parents may clean the gutters
every fall, to remove the leaves and branches that collect. They could
clean the gutters every week, but that would take a lot of time. What if
your parents waited and only cleaned up once every 5 years? Then the
gutters could get clogged and your roof might start to leak. A leaky roof
is much more expensive to fix than cleaning the gutters. Plus, fixing the
roof would require you to dispose of shingles, wood, and nails, which is
bad for the environment. This example shows that there is a best time
to invest in maintenance and repair projects. Doing tasks too early is
wasteful. But, doing tasks too late can allow small problems to grow
into larger, more expensive problems. Analyzing data from a building
can help us estimate when components will fail. We also know that
the best time to complete a repair is just before the failure point. This
allows us to optimize the building’s performance and environmental
impact at the lowest cost possible.
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CONCLUSION

Building life-cycle analysis is a concept we use to take care of our
buildings. We analyze the building’s condition throughout its life in
order to pick the best time to invest in repair and maintenance tasks.
Investing at the right time helps the building last longer and minimize
its impact on the environment. This is simple for one component, but it
can get complicated quickly. Buildings have hundreds of components,
and each one has a different life expectancy. The life-cycle analysis
process provides clear steps to follow. By following these steps,
owners can decide on the best time to invest in their building.
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