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Abstract

Burj Dubai will be the tallest structure ever built, exceeding 610 meters (2,000 ft.) in height. This residential tower
required a highly integrated approach to the development of architectural and engineering systems. A primary
concern was developing the architectural mass (shape) to meet structural engineering requirements. In this paper,
the process of shaping the tower in order to mitigate wind effects and assist in resisting loads is discussed. In

addition, the building’s structural systems are presented and discussed.
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The Burj Dubai structure represents the state-of-the-art
in tall building design. Once completed, it will not
only be the world’s tallest building but the tallest man-
made structure ever created. From the project’s initial
concept design through construction, the combination
of several important technological innovations results
in a building of unprecedented height. The following is
a description of some of the innovative structural
design methods which enable the creation of a
superstructure that is both efficient and robust.

Designing the Wind

The primary concern in the engineering of tall
buildings is the effect of the wind on the building’s
structure. The shape of the Burj Dubai is the result of
collaboration between SOM’s architects and engineers
to vary the shape of the building along its height,
thereby minimizing wind forces on the building. In
effect, each uniquely-shaped section of the tower
causes the wind to behave differently, preventing it
from becoming organized and minimizing lateral
movement of the structure.

The modular, Y-shaped structure, with setbacks
along each of the three wings, was part of the original
concept design entered in an invited design
competition at the beginning of the project. From this
starting point, the SOM team refined the tower’s shape
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over several months of extensive wind tunnel tests.
Through these tests, the team determined the harmonic
frequency of wind gusts and eddies under various wind
conditions. This information was used to set targets for
the building’s natural frequencies, thereby “tuning” it
to minimize the effects of the wind.

Concurrent with the wind tunnel studies, the team
performed a detailed climatic study which considered
the unique meteorological conditions of the Dubai
wind climate. These studies considered both frequently
occurring and rare wind events to address occupant
comfort and building strength. Together, the wind
tunnel testing and climatic studies resulted in a highly
engineered solution that is appropriate for the Dubai
wind climate.

Buttressed Core System

As a residential tower, the Burj Dubai requires
floor plates with shallow lease spans that maximize the
amount of exterior window area (and therefore natural
light) in the living spaces. As a very tall tower, it
requires a wide footprint to provide sufficient stability
to resist high wind loads. The Y-shaped arrangement
of reinforced concrete shear walls around a central
hexagonal reinforced concrete core satisfies both of
these requirements. The resulting “buttressed core” is
an extremely efficient solution to the potentially
conflicting structural requirements of a supertall
residential tower.

Core walls in each wing are arranged in a 9-meter
module that matches the setbacks of the tower. This
allows the building to be shaped without transfers; the
columns in the nose of each setback sit directly on the
walls below. The result is an easily constructed system



that is significantly less expensive to build than one
requiring transfers.

The perimeter columns on the sides of each wing
match the width of the adjacent shear walls, thus
permitting them to be engaged by infill walls at each
mechanical level. This engagement of the perimeter
columns leads to high levels of structural efficiency in
resisting loads as well as a high degree of redundancy.

High Performance Concrete

The specified material and the configuration of the
structural elements utilize the high performance
concrete and formwork systems readily available in
Dubai. Very strong, high density concrete composed of
Portland cement in combination with silica fume, fly
ash, and ground granulated slag is available and results
in a structure which is stiff, strong and highly
constructible.

The mat utilizes C60 self-compacting self-
consolidating concrete (SCC). Advantages of this type
of concrete include the high uniformity of placed
concrete, ease of placement, elimination of vibration,
reduced bleed water and reduced labor. The mat was
placed in four sections in order to minimize thermal
effects.

The superstructure uses concrete strengths that
vary between C80 to C60 for the lateral system. Lower
concrete strengths are specified for the horizontal
framing. Higher strength concretes were considered
but since the structural system distributes the loads so
effectively, higher strength concrete was not required.

Foundations

The superstructure is supported by a large 3.7
meter thick reinforced concrete mat, which is in turn
supported by 1.5 meter diameter bored reinforced
concrete piles. The design of these elements is based
on extensive geotechnical and seismic investigations
and analysis. The high density and low permeability of
the concrete used for the foundations minimize the
detrimental effects of high chlorides and sulphate
content in the local ground water. The foundations are
further protected by waterproofing and cathodic
protection systems.

Conclusion

The Burj Dubai structure represents the state-of-
the-art in supertall buildings. It capitalizes on the latest
advances in wind engineering, structural engineering,
structural ~ systems, construction materials and
construction methods to result in a structure that goes
beyond anything that has been achieved before. The
tallest structure ever built, it realizes the aspirations of
mankind to reach to the sky.

Mg

Figure 1: Burj Dubai Rendering

CTBUH 2004 October 10~13, Seoul, Korea 1169



	Main
	Information
	Table of contents
	Search This CD-ROM
	Keynote Speech
	The World City, Seoul
	Tall Building Design: The Hong Kong Experience
	New Frontiers in High Rise Buildings : Integration and Technology
	A Simplistic or Holistic Approach to Structural Fire Engineering?
	Recent Activities on Earthquake Preparedness in Japan
	Strategies for Tall Urban Buildings
	What could be the Correct Design Focus for the Super Tall Building?
	Report on the mechanical and electrical technology of the latest tall buildings in Japan

	Technical Session
	Technical Session 1
	TS 1-1 Architecture-Habitability
	TS 1-1-1 The Purchase for Super-High-Rise Apartment Buildings
	TS 1-1-2 The Life Style of the Residents in a Super-High-Rise Apartment Building
	TS 1-1-3 The Fractal Characters of Chinese Fengshui Theory
	TS 1-1-4 The Influence of Urban Housing Forms on Medical Pathology
	TS 1-1-5 Tall Building Form Generation by Parametric Design Process

	TS 1-2 Building Service & Control System (1)
	TS 1-2-1 The Evaluation of Performance for the Application of a Heat Recovery Ventilator to High-Rise Apartments.
	TS 1-2-2 A General Survey on Lift Ride Quality at Public Buildings of the Hong Kong Special Administrative Region
	TS 1-2-3 Evacuation Elevator Systems Guideline

	TS 1-3 Structural System & Design
	TS 1-3-1 Living Tall Buildings
	TS 1-3-2 The Dongbu Securities Headquarters Building
	TS 1-3-3 Structural Analysis and Design of Transferred Shear Wall-Type Structure
	TS 1-3-4 Structural Design of the Tallest Concrete Residential Tower in Korea, the # Star City
	TS 1-3-5 The depth, width and floor height of a unit of super high-rise residences in Japan

	TS 1-4 Concrete Structures (1)
	TS 1-4-1 Punching Shear Behavior of RC Slab-Column Connections with Nonrectangular Columns
	TS 1-4-2 Development of High Durability of Reinforced Concrete Column by Using Prestress
	TS 1-4-3 A Study of Flat Plate Slab - Column Connections with Shear Plate In Tall Concrete Building Using Experimental and Nume
	TS 1-4-4 Shear Behavior of R/C Beams with Web Openings Reinforced by Prestressing Force
	TS 1-4-5 High-Rise Buildings in the Netherlands: Hybrid Structues and Pre-cast Concrete

	TS 1-5 Drift and Vibration Control (1)
	TS 1-5-1 Monitor Structure in Seismic Zone : Structural Health Monitoring
	TS 1-5-2 On the Emerging Role of GPS in Structural Health Monitoring
	TS 1-5-3 Lateral Drift Control of Tall Buildings Using Condensed Lateral Stiffness Matrix
	TS 1-5-4 Evaluation Techniques of Damping in Buildings
	TS 1-5-5 Characteristics of Tuned Liquid Column Dampers for a 76-Story Benchmark Building

	TS 1-6 Seismic Analysis of Structures
	TS 1-6-1 Developments in US Building Codes for Seismic-Resistant Steel Buildings
	TS 1-6-2 A Study on Pendulum Seismic Isolators for High-Rise Buildings
	TS 1-6-3 Seismic Model Test of a Hybrid High-rise Building in Shanghai
	TS 1-6-4 Structural Design of Base-Isolation system for Tall Building in Japan
	TS 1-6-5 Evaluating Procedures for Seismic Performance of Prefabricated High-Strength-Concrete Pile


	Technical Session 2
	TS 2-1 Architecture-Building Practice
	TS 2-1-1 Simulation Support for Sustainable Design of Buildings
	TS 2-1-2 An Analysis of Information Characteristics of Practicing Professionals for Planning and Designing the Super Tall Resid
	TS 2-1-3 Architectural Design Methodology for Tall Office Buildings based on Ecology
	TS 2-1-4 New Paradigms in High Rise Design
	TS 2-1-5 Potential of Vertical Forms: Learning Sustainability from Yemeni Tower Architecture

	TS 2-2 Building Service & Control System (2)
	TS 2-2-1 Study of multi-cool/heat Tubes Buried under Ground with Close Tube Arrangement
	TS 2-2-3 Characteristic and Evaluation of Floor Impact Sound for High-rise Apartment Buildings
	TS 2-2-4 Performance-based Design of Smoke Extraction for the Basketball Gymnasium of Wukesong Culture and Sports Center

	TS 2-3 Structural Analysis & Design in Practice
	TS 2-3-1 Structural Design and Construction of Hyundai Hyperion Project, Seoul Korea
	TS 2-3-2 Structural Design of Taipei 101, the World? Tallest Building
	TS 2-3-3 Structural Design of the 84 Storey World Tower in Sydney
	TS 2-3-4 High-rise Reinforced Concrete Building in Japan

	TS 2-4 Structural Analysis and Design Consideration (1)
	TS 2-4-1 Analytical Study of High-rise Steel Buildings in Case of Loss of Columns
	TS 2-4-2 Effects of Large Section Size and Fire Resistant Steel on Redundancy Improvement of Steel
	TS 2-4-3 Sensitivity on Load Carrying Capacity of Frameds to Member Disappearance
	TS 2-4-4 A Study on the Collapse Control Design Method for Steel High-Rise Building Structures
	TS 2-4-5 Thermal Deformation Analyses of High-Rise Steel Buildings

	TS 2-5 Concrete Structures (2)
	TS 2-5-1 Structural Design and Construction Method of the 54-story Housing Project “W-Comfort Towers”in Tokyo using Super High 
	TS 2-5-2 A Simplified Analysis Method of Shrinkage Stress on Concrete Slabs in a Multistory Building
	TS 2-5-3 Structural Performance of R/C Columns for High Rise Buildings Using Continuous  High Strength Hoops
	TS 2-5-4 Seismic Performance of RC Frame Retrofitted by Steel Plate Slit Damper
	TS 2-5-5 Optimal Combination Between Concrete Strength and Sets of Forms in High-Rise Building

	TS 2-6 Earthquake Resistance of Structures
	TS 2-6-1 Shaking Table Test of a Model of HWS Tall Building
	TS 2-6-2 Energy Balance-Based Seismic Response Design Methods for Base-Isolated Structure with Low Friction Elastic Sliding Bea
	TS 2-6-3 Post-Earthquake Damage Evaluation for R/C Buildings
	TS 2-6-4 Energy Dissipation Capacity of Reinforced Concrete Members
	TS 2-6-5 Practical Development of HMD and Application to High-Rise Buildings


	Technical Session 3
	TS 3-1 Architecture-Sustainability
	TS 3-1-1 Times Square Skyscrapers: Sustainability Reaching New Heights
	TS 3-1-2 A Study on the Satisfaction with Work Space in High-rise Office Building
	TS 3-1-3 Restoring Urban Sensibility: Returning Soul to Seoul
	TS 3-1-4 The Role of the Skyscraper in Shaping the Korean Central Business District
	TS 3-1-5 Time and Place - The Difference in Super-Tall High Rise Design
	TS 3-1-6 Analysis of POE of Living Environment in Super Multistory Houses(Focused on Tower Palace I Project, Seoul) 

	TS 3-2 Urban Planning & Design (1) 
	TS 3-2-1 Urbanization Characteristic of the Skyscraper
	TS 3-2-3 High Flown Architecture and Ascendancy of the Building
	TS 3-2-4 Understanding Urban Characteristics of Cities with Tall Buildings
	TS 3-2-5 Privatization of Downtown Public Spaces
	TS 3-2-6 Five MXD’s in Five Cities in China

	TS 3-3 Building Environment & Energy (1)
	TS 3-3-1 Prediction of Energy Consumption Based on the Floor Utilization of Multipurpose Commercial Buildings
	TS 3-3-2 Fixing of Glass Panes in Facades of Non-Standard Geometry by Use of Twisted Profiles
	TS 3-3-3 The EnTrakSystem: Supporting Energy Action Planning via the Internet
	TS 3-3-4 Utilization of the Deep Underground Space in Tokyo
	TS 3-3-5 Usage of Cold Bent Glass Panes as an Approximation for Doublecurved Surfaces

	TS 3-4 Drift and Vibration Control (2) 
	TS 3-4-1 Application of High Performance Concrete in Petronas Twin Tower, KLCC
	TS 3-4-2 Estimation of Modal Mass Using H∞ Optimal Model Reduction
	TS 3-4-3 Taipei 101 - Design and Construction of Tower and Pinnacle Tuned Mass Dampers
	TS 3-4-4 A Study on the Effective Lateral Drift Control of Super Tall Buildings in Korea
	TS 3-4-5 Structural Design of SK Euljiro Headquaters
	TS 3-4-6 Experimental Assessment of Floor Vibration Using iTECH Composite Beam

	TS 3-5 Wind Effects on Structures 
	TS 3-5-1 Effects of Aerodynamic Shaping on the Planning and Design of Tower Palace III, Seoul, Korea 
	TS 3-5-2 Wind Load Characteristics of 3-D Elliptic Section Cylinders
	TS 3-5-3 Control of Wind-Induced Acceleration Response of 46-Story R.C. Building Structure Using
	TS 3-5-4 Aeroelastic Response of Tall Building to Wind Loads Using TLD
	TS 3-5-5 Effects of Neighboring Building on Wind Loads 
	TS 3-5-6 Dynamic Properties of Tall Buildings in Korea

	TS 3-6 Steel Structures (1)
	TS 3-6-1 FEM Analysis on Structural Behavior of CFT Column to Flat Plate Slab Connection
	TS 3-6-2 Study on the Constitutive Relation of Structural Steel Under Multi-Axial Stress
	TS 3-6-3 Probabilistic Prediction and Field Measurement of Column Shortening for 41-storey Residential Building
	TS 3-6-4 Spring Effects of Reduced Beam Sections
	TS 3-6-5 Influence of Panel Zone Strength and Beam Web Connection Method on Seismic Performance of Reduced Beam Section Steel M

	TS 3-7 Fire Engineering (1) 
	TS 3-7-1 Comparison of Turbulence Models for the Simulation of Compartment Fire
	TS 3-7-2 Balancing Life Safety with the Historic Preservation of Tall Buildings
	TS 3-7-3 A Study for Fire Propagation Through Vision Part of Tall Building Analyzed by Computational Fluid Dynamic Modeling
	TS 3-7-4 A New Process to Improve Tall Buildings Heat Resistance and Security
	TS 3-7-5 An Experimental Study on the Engineering Properties of Deteriorated Concrete by Fire Damage


	Technical Session 4
	TS 4-1 Architecture-Preservation 
	TS 4-1-1 Learning from the Past - Tall Buildings and the Evolution of Old Cities
	TS 4-1-2 Highrise-Lowland
	TS 4-1-3 Quantitative Study of Architectural Design Factors for Tall Office Buildings
	TS 4-1-4 A Study of Carrying Historical Monuments without Dismantling into Pieces

	TS 4-2 Urban Planning and Design (2) 
	TS 4-2-1 The Tall Building in the City Fabric
	TS 4-2-2 The Moral Meaning of Contemporary Urban Planning
	TS 4-2-3 District Unit Plan in Seoul as New Approach for Urban Form and Density Control
	TS 4-2-4 Vertical Community : The Backdrop for Meaningful, Memorable Lives

	TS 4-3 Sustainable & Eco Architecture
	TS 4-3-1 Can Tall Building Be Sustainable?
	TS 4-3-2 Tower Buildings in Dubai - Are they Sustainable?
	TS 4-3-3 Study on the Environmental Cognition and Life Domains of Residents of Super-High-Rise Condominiums

	TS 4-4 Structural Systems and Cost Analysis
	TS 4-4-1 Integration of Design and Construction of the Tallest Building in Korea, Tower Palace III, Seoul, Korea
	TS 4-4-2 Structural Design of the new Chinese Culture University Gymnasium
	TS 4-4-3 Structural Quantity Analysis of Tall Buildings
	TS 4-4-4 Deformation Capacity of Composite Beam Determined by Rupture
	TS 4-4-5 An Evaluation on the Economics of Structural Floor Systems in Super Tall Building

	TS 4-5 Composite Structures 
	TS 4-5-1 Column Shortening of Concrete Cores and Composite Columns in a Tall Building
	TS 4-5-2 Flexural Capacity of the Encased (Slim Floor) Composite Beam with Deep Deck Plate
	TS 4-5-3 Structural Control of RC Buildings with Soft-First Story by HPFRCC Devices
	TS 4-5-4 Strucrural Design and Analysis of Trumpworld Marine

	TS 4-6 Management and Economics
	TS 4-6-1 The Reasonable Approach to Confirm the Best Alternative for Cladding on Tall Building by Applying Value Engineering Me
	TS 4-6-2 The Automated Building Construction System for High-Rised Steel Structure Building
	TS 4-6-3 Reform Measures of Korea? High-rise Buildings Construction Period
	TS 4-6-4 The Roles of Construction Management in Super High-Rise Building Projects

	TS 4-7 Fire Engineering (2)
	TS 4-7-1 A Study for Quantitative Fire Risk Assessment for Tall Building
	TS 4-7-2 Fire Engineering the Tallest Building in the Historic City of Manchester, UK
	TS 4-7-3 An Experimental Study on the Fire Resistance of Lightweight Polymer Concrete
	TS 4-7-4 Securing the Future


	Technical Session 5 
	TS 5-1 Architecture-Space Planning (1)
	TS 5-1-1 Space Efficiency in Multi-Use Tall Building
	TS 5-1-2 An Explorative Study for Space Analysis Techniques for Tall and Huge-Scale Buildings
	TS 5-1-3 Strategizing for a Better Tomorrow Today
	TS 5-1-4 Urban Design - Vancouver : Creating High Density Urban Neighbourhoods

	TS 5-2 Architecture-Space Planning (3)
	TS 5-2-1 Iconography, Identity, Commerce: Tall Buildings and Community
	TS 5-2-2 Public Space Planning of Mixed-Use Highrise Buildings -Focusing on the Use and Impact of Deck Structure
	TS 5-2-3 Elements of the Tall Building 2004
	TS 5-2-4 Managing Mixed-use Housings within Urban Design District in Seoul

	TS 5-3 Building Environment & Energy (2)
	TS 5-3-1 Overview on Indoor Thermal Environment and Air Quality Issues for Residential Buildings in Japan
	TS 5-3-2 Evaluation of Stack Effect According to the Shape of Entrance Hall in High-Rise Buildings
	TS 5-3-3 Natural Ventilation through a Double-Skin Facade

	TS 5-4 Structural Analysis and Design Consideration (2)
	TS 5-4-1 Use of Super Elements for An Efficient Analysis of High-Rise Building Structures
	TS 5-4-2 The Integration of Structure and Architecture in Tall Building Design
	TS 5-4-3 The Integration of Structure and Enclosure Systems in Tall Residential Buildings
	TS 5-4-4 Concrete Contribution to Shear Resistance by Different Crack Modeling

	TS 5-5 Construction Process & Design Code
	TS 5-5-1 Design Challenges of Tall Buildings and Implications on Construction Education
	TS 5-5-2 A Framework for Scheduling in High-Rise Building Construction
	TS 5-5-3 Up-Down Construction of Reinforced Concrete Tall Building
	TS 5-5-4 Introduction to the Korean Building Code(draft)

	TS 5-6 Steel Structure (2) 
	TS 5-6-1 A Study on the High Strength Steel for the Building Structure
	TS 5-6-2 New Ductile Steel Frames Limiting Damage to Connection Elements at the Bottom Flange of Beam-Ends part.3
	TS 5-6-3 Preliminary Experimental Test for the Behavior of Steel Plate Shear Walls in Super High-Rise Building Structures
	TS 5-6-4 Outrigger System Study for Tall Building Structure With Central Core and Square Floor Plate

	TS 5-7 Structural Safety & Design
	TS 5-7-1 Modal Identification and Model Updating for Better Controlled Structures
	TS 5-7-2 International Trends in Building Services Design
	TS 5-7-3 Evaluation of Time Dependent Deformation of Composite and Reinforced Concrete Vertical Members for the Tallest Buildin
	TS 5-7-4 Prediction of Creep and Shrinkage for Column Shortening of High-rise Buildings Using Neural Network



	Poster Session
	PS 01  A study on the Web-based Database of High-rise Buildings 
	PS 02  A Study on the Environment-appraisal Model of Green Space in Multi-family Housing      891
	PS 03  Evaluation of the Insulation Performance of Curtain Walls in High-rise Residential Buildings 
	PS 04  An Experimental Investigation of Environmental Noise for High-Rise Apartment in Urban Areas 
	PS 05  The Analysis on the Collapse of the Tallest Gothic Cathedral
	PS 06  The Control Methods for Radiant Floor Heating in High-Rise Residential Building
	PS 07  A Study on the Optimal Hot-water Distribution of Pipe Network for Radiant Floor Heating in High-rise Residential Buildin
	PS 08  Influence of Architectural Elements on Stack Effect Problems in Tall Residential Building
	PS 09  HOBEM: High-rise Office Building Evaluation Model
	PS 10  Smoke Characteristics in Kerosene Pool Fires
	PS 11  A Study on the Pressure Vent on a Gas Explosion in a Building
	PS 12  Damping Coefficients for Weak and Moderate Earthquake Ground Motions
	PS 13  Lateral Load Distribution Factor for Modal Pushover Analysis
	PS 14  Proper Orthogonal Decomposition Analysis of Dynamic Wind Pressures Acting on a Tall Chimney Model
	PS 15  Characteristics of the Across-Wind Fluctuating Force and Spectral Density of Rectangular High-Rise Buildings with Variou
	PS 16  A Study on the Characteristics of the Evaluation Methods for Wind-induced Responses and Forces
	PS 17  A Study on the Effects of Fire Whirl in High-rise Buildings
	PS 18  Simplified Analytical Model for Outrigger-Braced Structures Considering Transverse Shear Deformation
	PS 19  An Analytical Model for High-rise Wall-frame Building Structures
	PS 20  Retrofit of Existing Steel Moment Connections with Floor Slabs
	PS 21  Seismic Performance of Structures Connected by Viscoelastic Dampers
	PS 22  Torsional Behaviour of Concrete Filled Circular Steel Tube Column Considering Confinement Effect
	PS 23  The Quility Variation of Concrete According to High-Pressing Condition
	PS 24  Fully Integrated Composite Beams of High-rise Buildings
	PS 25  Optimization of Large-Scale Structures using Hybrid Genetic Algorithms
	PS 26  Drift Design Method for High-rise Buildings using Dynamic Resizing Algorithm
	PS 27  Stress Measuring of Structural Members using Long Gauge Fiber Optic Sensors
	PS 28  Monitoring of Structural Behavior of High-rise Buildings using GPS
	PS 29  Nonlinear Direct Spectrum Method for the Seismic Evaluation of Nonlinear Structures
	PS 30  A Study on the Evaluation Methods of Equivalent Design Wind Loads for Tall Buildings
	PS 31  Shear Response of Reinforced Concrete Columns with Different Axial Loads and Shear Span-to-depth Ratios
	PS 32  An Experimental Study on the Physical Properties by Compressive Strength Areas of Concrete at High Temperature
	PS 33  Discrete Optimization of Truss Structures using Harmony Search Meta-Heuristic Algorithm
	PS 34  Design and Implementation of an Integrated Structural Design System
	PS 35  Comparison of Seismic Evaluations for Multi-Story Steel Building with Buckling Restrained Braced System
	PS 36  A Study on a Proper Reduction Process of Indoor Air Pollutants in Newly-Constructed High-rise Multi-Family Houses

	Special Sessions for Super Tall Buildings
	SS 3  Building and Fire Safety: Responding to the World Trade Center Disaster
	SS 3  WTC Towers: Innovative Design Features and Structural Modeling
	SS 4. Millennium Tower 150-Story(Japan)
	SS 5. The Foundation Design for Two Super High-Rise Buildings in Hong Kong
	SS 5. Two International Finance Centre
	SS 6. The World's Tallest Building

	CD-ROM Help
	Exit

