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Abstract 

 

The structural efficiency of tall buildings significantly relies on the lateral stiffness of 

building and its resistance capacity against lateral loads. However, when the structure 

becomes taller and slender, the building responses under wind loads become more 

pivotal as it reduces structural stiffness of building. Therefore outrigger and belt truss 

structural systems that connect through the central core system and the most exterior 

columns in building are often introduced in high rise structures to provide adequate 

lateral stiffness in order to control the wind deflection and drift criteria in acceptable 

limits. Most research works are limited to building with outrigger systems of 

concrete material, consisting of simple square and rectangular shaped building plan 

layouts having vertical regularity. Only few studies were based on a single model 

under different patterns of outrigger structural systems to identify the optimum 

outrigger structural system when outrigger arrangements are varied. This study aims 

to bring a broader understanding of both conventional outrigger & virtual outrigger 

systems by identifying the most efficient lateral load resisting outrigger system for a 

reinforced concrete high rise building under different outrigger structural materials of 

concrete, steel and composite by comparing the performance for three different 

outrigger arrangements; only outriggers, only belt truss and combination of both 

outrigger and belt truss when subjected to wind loads while their positions remain 

constant for all the three cases. The structural performance was evaluated based on 

building frequency, wind induced lateral displacement at top storey and inter storey 

drift ratio and results demonstrate that addition of outriggers and belt trusses of 

different structural materials have significantly enhanced the structural performance 

of building against wind action and the best form of outrigger structural arrangement 

is varied based on each structure material. 

Keywords: Outriggers, Reinforced Concrete Building, Wind Load, Lateral   

Displacement, Inter Storey Drift 

 

 

 

 

 

 

 

 



v 
 

Acknowledgement 

 

First, I would like to express my sincere gratitude to the supervisor, Prof. (Mrs.) J. C. 

P. H. Gamage who has given the strong theoretical knowledge, immense guidance 

and support, which enabled to complete this dissertation successfully. Then I would 

like to take this opportunity to acknowledge Prof. (Mrs.) Chintha Jayasinghe, Head 

of Department of Civil Engineering, University of Moratuwa , Prof. S. A. S. 

Kulathilaka, former Head of Department of Civil Engineering, University of 

Moratuwa and Dr. H. M. Y. C. Mallikarachchi, Head of Building & Structural 

Engineering Division, University of Moratuwa  & Prof. I. R. A. Weerasekera, former 

Head of Building & Structural Engineering Division, University of Moratuwa, for 

providing this great opportunity for postgraduate students. Then I would like to 

extend my sincere thanks to Dr. K. Baskaran, the coordinator of the postgraduate 

research project for his valuable efforts and flexibility.  

Secondly, I would like to express my gratitude to Course Coordinators; Dr. H. M. Y. 

C. Mallikarachchi & Dr. H.D. Hidallana Gamage for the support and guidance 

offered by them. Then I would like to acknowledge all the lectures of Civil 

Engineering Department, University of Moratuwa, for giving a strong theoretical 

background and rendering their support and guidance in various ways to make this 

task a successful one.  

Finally, I owe my special appreciation to my family for giving me both spiritual and 

emotional support and my fellow colleagues of postgraduate batch & office who 

helped me in numerous ways to make this task a success. 

 

 

 

 

 

 

 

https://uom.lk/staff/Pushpakumari.HGJC.php
https://uom.lk/staff/Pushpakumari.HGJC.php
https://uom.lk/staff/Kulathilaka.SAS.php
https://uom.lk/staff/Kulathilaka.SAS.php
https://uom.lk/staff/Mallikarachchi.HMYC.php
https://uom.lk/staff/Weerasekera.IRA.php
https://uom.lk/staff/Baskaran.K.php
https://uom.lk/staff/Mallikarachchi.HMYC.php
https://uom.lk/staff/Mallikarachchi.HMYC.php
https://uom.lk/staff/Damruwan.HGH.php


vi 
 

Table of Contents 
Declaration ..................................................................................................................iii 

Abstract ....................................................................................................................... iv 

Acknowledgement ....................................................................................................... v 

List of Abbreviations .................................................................................................. x 

List of Appendices ...................................................................................................... xi 

1. INTRODUCTION ........................................................................................ 1 

1.1 Research Background .................................................................................... 1 

1.2 Objectives ...................................................................................................... 2 

1.3 Scope of Research ......................................................................................... 3 

1.4 Research Significance ................................................................................... 4 

1.5 Arrangement of the Dissertation ................................................................... 5 

2. LITERATURE REVIEW ............................................................................ 6 

2.1 Introduction ................................................................................................... 6 

2.2 Tall Buildings ................................................................................................ 6 

2.3 Structural Systems for Tall Buildings ........................................................... 8 

2.4 Outrigger Structural System ........................................................................ 10 

2.4.1 Structural Concept of Outriggers ............................................................. 11 

2.4.2 Advantages & Disadvantages of Outrigger Systems ............................... 13 

2.4.3 Types of Outrigger Systems .................................................................... 14 

2.4.3.1 Conventional Outrigger system ........................................................ 14 

2.4.3.2 Virtual Outrigger system .................................................................. 15 

2.4.4 Existing buildings with outriggers ........................................................... 16 

2.5 Review of Literature .................................................................................... 21 

2.6 Summary of Literature ................................................................................ 28 

2.7 Gaps in Literature ........................................................................................ 28 

3. METHODOLOGY ..................................................................................... 30 

3.1 Analytical Program ...................................................................................... 30 

3.2.1 Structural Model................................................................................... 30 

3.2.2 Design Loads ........................................................................................ 36 

3.2.3 Method of Analysis .............................................................................. 38 

4. RESULTS & DISCUSSION ...................................................................... 39 

4.1 Natural period & corresponding frequencies .............................................. 39 



vii 
 

4.2  Maximum wind induced lateral displacement ............................................. 41 

4.3  Maximum inter storey drift ......................................................................... 46 

5. CONCLUSION & RECOMMENDATIONS ........................................... 51 

5.1  Conclusion ................................................................................................... 51 

5.2  Recommendations ....................................................................................... 52 

REFERENCES .......................................................................................................... 53 

APPENDIX A: WIND LOAD CALCULATION ................................................... 56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

List of Figures 

 

Figure 2.1: Multi Level Outrigger & Belt Truss System ........................................... 11 

Figure 2.2: Outrigger structure displaced under lateral loading and resultant core 

moments ..................................................................................................................... 12 

Figure 2.3: (a) Tall building with Conventional Outriggers (b) Force transfer in 

Conventional Outrigger System ................................................................................. 14 

Figure 2.4: (a) Tall building with Virtual Outriggers (b) Force transfer from core to 

floor diaphragms (c) Force transfer from floor diaphragms to columns .................... 15 

Figure 2.5: (a) Burj Khalifa (b) Structural Plan of Outrigger System ....................... 17 

Figure 2.6: (a) Thaipei 101 (b) Outrigger Application .............................................. 18 

Figure 2.7: (a) Petronas Twin Towers (b) Outrigger Application ............................. 18 

Figure 2.8: (a) New York Times Tower (b) Structural Bracings System .................. 19 

Figure 2.9: (a) Tour de la Bourse (b) Outrigger Floor layout .................................... 20 

Figure 2.10:  U.S. Bank Center in Milwaukee, Wisconsin ........................................ 20 

Figure 3.1: Layout of structural floor plan from Level 1-Level 8 ............................. 31 

Figure 3.2: Layout of structural floor plan from Level 9-Level 55 ........................... 32 

Figure 3.3: ETABS 3D model of a typical structure .................................................. 38 

Figure 4.1: Maximum Storey Displacement for (a) X Direction (b) Y Direction for 

structural model without outriggers ........................................................................... 41 

Figure 4.2: Maximum Storey Displacement for (a) X Direction (b) Y Direction for 

outrigger structural model of concrete material ......................................................... 42 

Figure 4.3: Maximum Storey Displacement for (a) X Direction (b) Y Direction for 

outrigger structural model of steel material ............................................................... 43 

Figure 4.4: Maximum Storey Displacement for (a) X Direction (b) Y Direction for 

outrigger structural model of composite material ...................................................... 44 

Figure 4.5: Maximum Inter Storey Drift for (a) X Direction (b) Y Direction for 

structural model without outriggers ........................................................................... 46 

Figure 4.6: Maximum Inter Storey Drift for (a) X Direction (b) Y Direction for 

outrigger structural model of concrete material ......................................................... 47 

Figure 4.7: Maximum Inter Storey Drift for (a) X Direction (b) Y Direction for 

outrigger structural model of steel material ............................................................... 48 

Figure 4.8: Maximum Inter Storey Drift for (a) X Direction (b) Y Direction for 

outrigger structural model of composite material ...................................................... 49 

 

 

 

 

 



ix 
 

List of Tables 

 

Table 3.1: Structural model arrangement details ....................................................... 30 

Table 3.2: Model Arrangements ................................................................................ 33 

Table 3.3: Section properties & material properties .................................................. 36 

Table 3.4: SDead & live loads values ........................................................................ 37 

Table 4.1: Natural period & corresponding frequencies for structural model without 

outriggers and outrigger structure models of concrete, steel & composite materials 39 

Table 4.2: Maximum wind induced lateral displacement for structural model without 

outriggers ................................................................................................................... 41 

Table 4.3: Maximum wind induced lateral displacement for outrigger structural 

model of concrete material ......................................................................................... 42 

Table 4.4: Maximum wind induced lateral displacement for outrigger structural 

model of steel material ............................................................................................... 43 

Table 4.5: Maximum wind induced lateral displacement for outrigger structural 

model of composite material ...................................................................................... 44 

Table 4.6: Maximum wind induced inter storey drift for structural model without 

outriggers ................................................................................................................... 46 

Table 4.7: Maximum wind induced inter storey drift for outrigger structural model of 

concrete material ........................................................................................................ 47 

Table 4.8: Maximum wind induced inter storey drift for outrigger structural model of 

steel material .............................................................................................................. 48 

Table 4.9: Maximum wind induced inter storey drift for outrigger structural model of 

composite material ..................................................................................................... 49 

 

 

 

 

 

 

 

 

 

 

 



x 
 

List of Abbreviations  

 

Abbreviation   Description 

 

CTBUH  Council on Tall Building and Urban Habitat 

UAE  United Arab Emirates 

USA  United States of America 

RC   Reinforced Concrete 

3D   3 Dimensional 

MEP   Mechanical, Electrical & Plumbing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

List of Appendices 

 

Appendix  Description 

 

Appendix- A    Wind Loads Calculation 

 

 

 

 

 

 

 

  

 

 


