
Outrigger Design For High Rise Buildings -
The Key to Structural Stability

Have you ever wondered how those incredibly tall buildings manage to remain
standing despite strong winds and potential earthquakes? The answer lies in their
well-designed structural systems, particularly, the incorporation of outriggers. In
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this article, we will explore why outrigger design is essential for high-rise buildings
and how it contributes to their stability.

Understanding the Basics of Outrigger Design

Before diving into the specifics of outrigger design, let's clarify what exactly an
outrigger is. An outrigger is a structural element that extends from a tall building's
core to its perimeter, adding lateral stiffness and resisting horizontal forces.
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High-rise buildings are subject to various structural challenges, such as wind
pressure, seismic loads, and dynamic movement caused by occupants or
equipment. To ensure the stability and safety of these buildings, architects and
engineers incorporate outrigger systems into their designs.
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The outrigger system typically consists of horizontal framing elements, referred to
as outrigger beams, and vertical elements, referred to as belt trusses. These
components work together to distribute the lateral forces efficiently throughout the
building's structure.

Why Do High Rise Buildings Need Outriggers?

The primary purpose of outriggers in high-rise buildings is to enhance structural
stiffness and improve lateral stability. Here are some key reasons why outriggers
are crucial:

Improved Load Distribution: Outriggers help distribute the lateral wind
loads and gravitational forces more evenly, reducing localized stress on
individual structural components.

Reduced Structural Deformation: By effectively transferring the lateral
forces to the perimeter columns, outriggers minimize the building's
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deformation during high wind events or seismic activities.

Increased Torsional Resistance: Outrigger systems enhance a building's
torsional stiffness, preventing excessive rotational movements that can lead
to discomfort for occupants.

Enhanced Structural Performance: The inclusion of outriggers significantly
improves a building's ability to withstand various loading conditions,
increasing its overall structural performance and safety.

Key Design Considerations for Outriggers

Designing outriggers for high-rise buildings requires careful analysis and
consideration to ensure optimal performance. Some important design
considerations include:

Location and Configuration: Determining the optimal location and
configuration of outriggers is crucial to achieve the desired structural
performance. Different building heights and shapes may require varying
outrigger placements.

Material Selection: The choice of materials for outriggers plays a significant
role in their effectiveness. High-strength steel or reinforced concrete are
commonly used materials for their construction, considering their abilities to
withstand large loads and resist fatigue.

Horizontal vs. Diagonal Bracing: Building designers must decide whether
to use horizontal or diagonal bracing for their outrigger systems. Each
approach comes with its advantages and considerations, depending on the
specific project requirements.

Frequency Considerations: The natural frequency of the outrigger system
should be evaluated carefully to avoid resonance effects, which can lead to



excessive vibrations and discomfort for building occupants.

Construction Constraints: The construction process and logistics need to
be considered during the outrigger design phase to ensure practical and
cost-effective implementation.

Examples of Outrigger Design in Iconic High Rise Buildings

Many world-renowned high-rise buildings incorporate outrigger systems to ensure
their structural integrity and stability. Here are two notable examples:

Burj Khalifa, Dubai

The Burj Khalifa, the tallest building globally, utilizes the outrigger system to
enhance its stability. The outriggers are strategically located at different heights to
counteract the wind effects, especially at the top sections where the forces are
more significant. This design innovation allows the Burj Khalifa to withstand
extreme wind pressures.

John Hancock Center, Chicago

The John Hancock Center features an iconic X-shaped external bracing system
that acts as outriggers. This design not only serves a structural purpose but also
adds to the building's aesthetic appeal. The X-bracing enhances the building's
stiffness, ensures better lateral resistance, and gives it a unique architectural
identity.

Outrigger design is a critical aspect of high-rise building construction. By
incorporating outrigger systems, architects and engineers can effectively improve
the structural stability, enhance load distribution, and increase the overall safety
of tall buildings. As technology advances and construction techniques evolve, we



can expect to see further innovations in outrigger design, leading to more awe-
inspiring skyscrapers around the world.
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Outrigger systems are rigid horizontal structures designed to improve a building’s
stability and strength by connecting the building core or spine to distant columns,
much in the way an outrigger can prevent a canoe from overturning. Outriggers
have been used in tall, narrow buildings for nearly 500 years, but the basic design
principle dates back centuries.

In the 1980s, as buildings grew taller and more ambitious, outrigger systems
eclipsed tubular frames as the most popular structural approach for supertall
buildings. Designers embraced properly proportioned core-and-outrigger
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schemes as a method to offer far more perimeter flexibility and openness for tall
buildings than the perimeter moment or braced frames and bundled tubes that
preceded them. However, the outrigger system is not listed as a seismic lateral
load-resisting system in any code, and design parameters are not available,
despite the increasingly frequent use of the concept.

The Council on Tall Buildings and Urban Habitat’s Outrigger Working Group has
addressed the pressing need for design guidelines for outrigger systems with this
guide, a comprehensive overview of the use of outriggers in skyscrapers. This
guide offers detailed recommendations for analysis of outriggers within the lateral
load-resisting systems of tall buildings, for recognizing and addressing effects on
building behavior and for practical design solutions. It also highlights concerns
specific to the outrigger structural system such as differential column shortening
and construction sequence impacts. Several project examples are explored in
depth, illustrating the role of outrigger systems in tall building designs and
providing ideas for future projects.

The guide details the impact of outrigger systems on tall building designs, and
demonstrates ways in which the technology is continuously advancing to improve
the efficiency and stability of tall buildings around the world.
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