

LIFESPAN

A Practical Resource and Energy Efficient
Solution to Today’s Urban Growth Challenges

Urban Bridge Infrastructure
In architectural, engineering, and city planning nomenclature, infrastructure is a term used to
describe essential facilities for cities and communities. It includes roads, bridges, mass-transit
systems, electrical lines, water lines, sewers, and fire and police stations. Such systems are essential
for the economic vitality of businesses and communities, the conservation of fuel and other natural
resources, and the comfort and safety of residents and visitors. Failure to maintain or replace aging
infrastructural elements can result in a diminished quality of life and even the erosion of the social
fabric, particularly in urban population centers.
Among the most vital elements of urban infrastructure are the bridges necessary for conveying
vehicles, pedestrians, mass transit systems, and utilities from source to destination. Historically, the
major cities of the world have been built upon waterways to facilitate shipping and transportation
needs. As the cities expand their borders, these waterways become barriers to growth, and bridges are
constructed to allow expansion to the opposite shore. In some cases, bridges that link city shorelines
number in the hundreds and even thousands. For example, there are over 400 bridges in the city of
Pittsburgh, PA and approximately 2,000 in New York, NY. While these spans provide a necessary
transportation and utility link however, they do little more to accommodate urban expansion.
Particularly in the United States but increasing throughout the world, replacement and
refurbishment of transportation infrastructures, and specifically bridges, is becoming a major
concern. With each failure, such as the 2007 Minneapolis, MN bridge collapse for example, this
issue becomes more and more apparent. It is currently estimated that nearly one in every four of the
nation’s 600,000 bridges are in need of major repair, and failure to renovate or replace these spans
puts lives in danger on a daily basis.
One of the primary goals of the current leadership in the United States is the upgrade, repair and
replacement of the nation’s eroding infrastructure including roads and bridges, not only to improve
transportation systems and increase safety, but also to generate employment opportunities and
stimulate the ailing economy. Likewise, emphasis of the administration is focused on more energy
and resource efficient utilization of current building technologies to produce a more resource-sensitive
and environmentally responsible focus for current and future development. As bridges are replaced or
upgraded and new crossings constructed under these policies, the opportunity arises to utilize new
structures in a smarter, more efficient manner that conserves natural resources and creates more
habitable & useable space while requiring less land for their construction, and even produces energy
through on-site renewable systems.

The Lifespan
 Concept
One of the goals of the Lifespan concept is to integrate two virtually unrelated urban structures –
the bridge and the high-rise – into a hybrid edifice capable of fulfilling requirements for both
transportation and mixed use (residential, commercial/community, and professional spaces) in such a
manner that by combining structures the resources required for construction are significantly reduced.
One of the major benefits derived from the utilization of the Lifespan concept is a more
efficient use of available land. As urban populations continue to grow at ever increasing rates,
ground on which to build structures to shelter the growing masses becomes more and more scarce.
Expansion beyond the city borders becomes inevitable, encroaching upon the rural landscape that
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was once used for agricultural, parkland, and recreational purposes. Suburban communities spring
up seemingly overnight to alleviate urban congestion, sprawling the city borders outward and
consuming thousands of acres of otherwise productive farmland or scenic countryside.
While vertical expansion in the form of high-rise development provides some relief from
horizontal growth, valuable land is still required for the structures and associated parking, utilities,
and other infrastructure. Technological limits also restrict the degree of practical expansion
skyward. By combining the structure required for bridge construction with that needed for mixeduse high-rise development, the result is a reduction of the impact upon the environment in terms of
both developable land and natural resources.
The bridge-building hybrid is by no means a new idea. Two classic examples of the utilization
of this concept are the Old London Bridge and the Ponte de Rialto in Venice.
Construction of the Old London Bridge began
in 1176 and took 33 years to complete. Its 19
arches supported up to 7 stories of houses, shops,
and stalls and its structure remained in use for 622
years. Nearly 200 businesses crowded the narrow
crossing with dwellings occupying the upper
floors, and water wheels were added to power
grain mills and water pumps. Due to the proximity
of the arches to each other, ships were unable to
access the remainder of the Thames River, and in
1831 it was dismantled and replaced it with a
crossing that was more amenable to water-borne
traffic.

Old London Bridge
The Ponte de Rialto which spans Venice’s
Grand Canal was completed in its present form
in 1591. Although it supports no residences, its
single span bears numerous shops in addition to
providing a pedestrian route across the canal.
Considered to be the oldest bridge crossing the
Grand Canal, it still functions as it did when it
was originally built as both a canal crossing and
a commercial building complex.

Ponte de Rialto
Not unlike its historic predecessors, the Lifespan building/bridge hybrid combines multi-use
development with a waterway crossing, but on a much larger scale made possible by current construction
technologies. The concept effectively combines the functions of a bridge structure with parking, working,
shopping, community, and living spaces, thereby housing all these activities along with conveyance of
vehicles and mass-transit systems without requiring any more land than a typical bridge crossing. The
name of the concept was derived from the fact that it merges the activities of everyday life within the
structure of a bridge span, and in so doing creates a semi-autonomous ‘urban neighborhood’ linking the
shorelines of cities’ waterways.
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The schematics that follow depict one possible application of the Lifespan concept as envisioned for
a typical urban setting. While delineating the optimal utilization of the idea, these drawings represent only
one possible scenario and many other combinations are possible, depending upon the market demands for
a particular urban center. For example, in areas where there is a deficit of commercial space and a surplus
of residential and/or professional space, the ratio of corresponding areas for each function may be adjusted
to favor a commercial application.

In this particular configuration, the structure is composed of two towers supported by four reinforced
concrete piers at each tower. The piers support a steel truss structure that serves as a framework for the
floors and curtain walls of the inhabited spaces as well as the concrete decks. Bridge decks tend to move
and vibrate through wind and traffic movement which could result in uncomfortable conditions for the
inhabitants, however by ‘floating’ the bridge decks within the primary structure and utilizing a tuned-mass
damping system, bridge deck movement is isolated from the inhabited spaces.

Bearing Point at Trusses

Bearing Point at Columns
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Professional Levels
Supported by the tower core above the bridge decks in this example are twenty floors of professional
space. A combination of enclosed and open office areas surrounds a central circulation and utility core
and open-air balconies flank the perimeter similar to a conventional high-rise. The inherent linear
configuration of these and other levels allow an abundance of natural light and ventilation to penetrate
each level. The arrangement of offices and workspaces would vary on each floor, depending upon the
specific tenants’ needs. At the three uppermost floors of each tower are penthouse suites, which may be
used for high-end restaurants, retail, or upscale apartments.
In the configuration shown, the total area of professional space is 368,600 square feet per tower, for an
overall total of 737,200 square feet.

Typical Professional Level

Typical Office Interior

Typical Office Balcony
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Expressway Level
On the uppermost bridge deck is the expressway level which provides four lanes of automobile
through-traffic as well as ramps to access the parking levels below. Surface parking is also facilitated
by this level, as well as pedestrian and bicycle lanes.

Expressway Level Perspective

Expressway Level

Parking & Mass Transit/Freight Levels
The next two bridge decks support the parking levels, each of which is accessed from the deck above
by ramp much like a typical urban parking structure. Beneath the lower parking level are suspended
utility chases to transport water, sewer, power, electrical, and communication lines from shore to shore as
well as to & from the Lifespan structure.
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Below the parking levels is the mass transit level, which facilitates the transportation of residents,
commuters, visitors, and freight to and from the Lifespan structure by light rail, bus, or whatever means
of mass transit is available in the area.

Mass Transit/
Freight Level

Mass Transit/Freight Level Interior
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Typical Parking Level

Parking Level Interior

Commercial/Community Levels
The functions to be housed within the five levels of commercial/community space include retail and
service-oriented businesses as well as civic, educational, congregational, and cultural activities. The
layout of each level is not unlike a typical suburban shopping center with a central corridor and flexibility
of size, shape, and configuration of individual spaces. The exterior walls have direct exposure to natural
light, ventilation and views, and allow the interior corridor to ‘borrow’ light through each space. At midspan, a five-story atrium creates a spacious central gathering area functioning as a town square and
facilitating social interaction. The location of the commercial/community levels is such that it also
provides a buffer between the noise of the bridge decks above and the residential levels below.

Atrium at Mid Span

In the configuration shown, the five
commercial/community levels total 403,000
square feet, in addition to 66,000 square feet
per each of two tower cores on the residential
levels, for a total of 535,000 square feet.

Commercial/Community Levels
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Residential Levels
Below the commercial levels are fourteen floors of residential space. Each one-, two-, and threebedroom unit is provided with abundant natural light, ventilation, privacy, and views of the traversed
waterway, affording a sense of place and enhanced quality of life for the occupants. At the core of each
residential level are convenience-type retail and service spaces, such as laundry facilities and small
markets.
In the depicted configuration, each tower supports 64 1-bedroom units, 77 2-bedroom units, and 92 3bedroom units, or approximately 1,500 individuals per 2-tower span.

2-Bedroom
Unit
1-Bedroom Unit

3-Bedroom Unit

Perspective of Main Living Space

Typical Residential Wing
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On-site Power Generation
Besides utilizing building resources in a more efficient manner, an additional feature of the
Lifespan concept is energy efficiency. Utilizing power generated on-site is more economical
than transporting it from remote locations due to inherent power losses in transmission from the
source to the end user. Infrastructure needed to transport power from off-site sources is also
expensive to install & maintain and causes stress upon the natural environment. A variety of
different methods are possible for the Lifespan structure to generate power on-site including:
-Wind turbines located at the tops of towers and bridge piers that drive electrical generators.
-Hydroelectric generators that convert river currents into useable energy.
-Tidal and wave generators that harness water fluctuations for power generation.
-Piezoelectric materials that convert compressive forces from traffic loads directly into electricity.
-Hydraulic piston systems that utilize inherent bridge deck motion to drive generators while
damping motion transfer to living spaces.
-Photovoltaic thin-film window glazing that converts sunlight directly into electricity.
Utilizing one or more of the systems listed above could potentially render the Lifespan structure
energy autonomous.
Wind Vanes

Hydraulic DamperDriven Turbines
Photovoltaic
Glazing

Water Turbines

Piezoelectric
Bridge Deck
Surfaces
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The ecological benefits of the Lifespan
 concept are manifold. Since the
structure would require no more land for construction than a typical bridge
crossing, its implementation would allow more area to be available for agriculture
and greenbelt use while providing living, working, commerce and parking spaces
for growing urban populations.

The multi-use aspect means that occupants would need to travel less, if at all, by
automobile to carry out daily activities, reducing or eliminating the amount of
traffic and associated pollutants released into the environment.
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Utilizing clean, on-site power generating systems, including water currents,
wind, solar, and even tidal & wave power where possible, could make
Lifespan
 structures partially or completely energy-autonomous.

As we progress into this century, we become painfully aware of our present
challenges, including the realities of population growth, diminishing land
resources, global warming, dwindling energy reserves, and other pressures of
urban expansion upon the environment.
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Our solutions must address each one of these concerns in a very practical manner,
yet we must not lose site of the human element as well.

We must also strive to maintain or enhance the essence of community within our
urban landscapes and create a social fabric that keeps pace with our advancing
technologies in an attractive and responsible manner while gracing the city skylines
of the world’s urban centers.
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We must create spaces in which to dwell, work, learn, and recreate which enhance
our quality of life while diminishing the impact of our growth upon the planet.

Lifespan
 was conceived with these concerns in mind, not as a futuristic ‘fantasy
project’, but as a solution that could be implemented today.
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