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Abstract 

 

In modern urban environments, tall buildings are a common solution to space 

constraints and urban density challenges. The design of these structures, particularly 

their transfer floor systems, play a crucial role in their stability and performance under 

various loads. Transfer floors are structural elements that redistribute loads from 

columns or walls above to a different grid of columns or walls below, allowing for 

greater architectural flexibility and the incorporation of larger open spaces in the lower 

levels of buildings. This thesis presents a comprehensive comparison of transfer floors 

with transfer beams, Transfer plate, waffle slab transfer floor system and cellular slab 

transfer floor systems for a reinforced concrete tall building with 30 storeys, under 

gravity and wind loads. Finite element modelling and structural analysis software are 

employed to simulate and evaluate the global performance of each structure under 

specified loading conditions. The depth of the transfer floor, which is a significant 

portion of the overall cost is also compared in each structure. Furthermore, the ease of 

construction is also discussed for each type of transfer floor. In addition, the weight of 

each transfer floor is also evaluated and discussed in relevance to the cost. 

The results indicate differences in the behaviour and efficiency of each transfer floor 

system. The findings provide valuable insights into optimal design choices for 

engineers and architects aiming to enhance safety, functionality, cost-effectiveness and 

constructability of tall buildings. This research contributes to the ongoing 

developments in more efficient structural systems under different criteria in the design 

and construction of tall buildings with transfer floors 

. 

Keywords: Transfer Floors, Transfer Beams, Transfer Plate, Waffle Slab, Cellular 

Slab, Reinforced Concrete Building, Tall Buildings, Wind Load, Lateral   

Displacement, Inter Storey Drift, Constructability, Overall Depth, 

Concrete Weight. 

 

 



5 

 

 

Acknowledgement 

 

I extend my heartfelt gratitude to all those who supported and guided me throughout 

this thesis. Firstly, I am deeply thankful to my supervisor, Prof. M.T.R. Jayasinghe, 

for his invaluable expertise, patience, and encouragement. His lessons in structural 

engineering theory and industry standards, along with his insightful feedback and 

unwavering support, have been instrumental in the successful completion of this work. 

Furthermore, I hereby thank Prof. (Mrs.) Chintha Jayasinghe, the Head of the 

Department of Civil Engineering at the University of Moratuwa, and Prof. S. A. S. 

Kulathilaka, former Head of the Department of Civil Engineering at the same 

university. Additionally, I wish to acknowledge Dr. K. Baskaran, the coordinator of 

the postgraduate research project, for his continuous encouragement throughout this 

endeavour. I also thank Dr. H.G.H. Damruwan and Dr. Pasindu Weerasinghe, course 

coordinators of the post graduate degree programme in Structural Engineering at the 

University of Moratuwa, for the support given to complete this thesis.  

Furthermore, I would like to remember Late Eng.B.A.Dayananda for providing me 

with an initial suggestion to carry out this thesis. 

I would also like to extend my heartfelt thanks to all other lecturers of the postgraduate 

degree programme for Structural Engineering at the University of Moratuwa, whose 

teachings have been influential in shaping my understanding and approach to this 

research.  

To my family, I am immensely grateful, for their unwavering support, and 

encouragement which have been my constant source of strength. Thank you for always 

for providing me with the necessary support to pursue my academic endeavours. 

Lastly, I would like to thank my friends and colleagues, whose support has made this 

journey more enjoyable and fulfilling. Thank you all for your tremendous support and 

encouragement.  

 

 

 

 

 



6 

 

Table of Contents 
 

Declaration ...........................................................................................................................3 

Abstract ................................................................................................................................4 

Acknowledgement ................................................................................................................5 

List of Appendices..............................................................................................................11 

1. INTRODUCTION .................................................................................................12 

1.1 Background ......................................................................................................... 12 

1.2 Objectives ............................................................................................................ 14 

2. LITERATURE REVIEW.....................................................................................16 

2.1 Introduction ........................................................................................................ 16 

2.2 Tall Buildings ...................................................................................................... 16 

2.3 Structures with Transfer Floors ........................................................................ 20 

2.4 Structural Floor Types ....................................................................................... 25 

2.5 Construction of Transfer Floors ....................................................................... 29 

2.6 Summary of the Literature Review .................................................................. 32 

2.6.1 Tall Buildings ......................................................................................... 32 

2.6.2 Structures with Transfer Floors .............................................................. 33 

2.6.3 Structural Floor Types............................................................................ 34 

2.6.4 Construction of Transfer Floors ............................................................. 35 

2.7 Gaps in the Literature ........................................................................................ 36 

3. METHODOLOGY ...............................................................................................37 

3.1 Analytical Program ............................................................................................ 37 

3.2.1 Structural Model..................................................................................... 37 

3.2.2 Design Loads .......................................................................................... 48 

3.2.3 Method of Analysis ................................................................................ 51 

4. RESULTS ..............................................................................................................52 

4.1 Modal Results (Natural Period & Frequencies) .............................................. 52 

4.2         Lateral Deflections ............................................................................................. 57 

4.3 Maximum Inter Storey Drift ............................................................................. 69 

4.4         Overall Depth of the Transfer Floor ................................................................ 81 

4.5 Constructability .................................................................................................. 82 

4.6 Concrete Weight of the Transfer Floor ............................................................ 83 

5. CONCLUSION .....................................................................................................84 

6. FUTURE STUDIES ..............................................................................................91 

7. REFERENCES ......................................................................................................92 



7 

 

 
APPENDIX A: WIND LOAD CALCULATION 

APPENDIX B: VALIDATION OF SECTION SIZES OF STRUCTURAL ELEMENTS 

APPENDIX C: EVALUATION OF CONCRETE WEIGHT OF THE TRANSFER 

FLOOR SYSTEMS 

 

 

List of Figures 

 
Figure 1.1: Types of transfer floors considered ......................................................... 15 
Figure 2.1: Deflection in a shear configuration (Macginley & Choo, 2003) ............. 17 
Figure 2.2: Deflection in a bending configuration (Macginley & Choo, 2003) ........ 18 
Figure 2.3: Types of transfer structures – Beam, Truss, Inclined Strut, Plate and Arch 

& Cable (Ribeiro, Almeida, & Lobo, 2022) .............................................................. 24 
Figure 2.4: Materials Employed in each type of TS (Ribeiro, Almeida, & Lobo, 

2022) .......................................................................................................................... 24 
Figure 2.5: Year of completion vs main span for buildings with transfer floors 

(Ribeiro, Almeida, & Lobo, 2022) ............................................................................. 25 
Figure 2.5: Falsework at the construction of the Belcher’s Garden in Kennedy Town 

(Wong, 2020) ............................................................................................................. 30 
Figure 2.6: Falsework at the construction of the Olympian City in Tai Kwok Tsui  

(Wong, 2020) ............................................................................................................. 31 
Figure 2.7: Transfer floor construction of Residential Development project in To 

Kwa Wan (Wong, 2020) ............................................................................................ 31 
Figure 2.8: Falsework at the construction of Residential Development project in To 

Kwa Wan (Wong, 2020) ............................................................................................ 32 
Figure 3.1: Structural floor plan for Parking Floor levels .......................................... 37 
Figure 3.2: Structural floor plan for floors above the transfer floor .......................... 38 
Figures 3.3, 3.4: 3D views of the complete model and the transfer floor level of the 

model with transfer beams ......................................................................................... 39 
Figure 3.5: Plan view of the transfer floor level of the model with transfer beams ... 40 
Figure 3.6: Cross section of the transfer floor level of the model with ..................... 40 
transfer Beams ............................................................................................................ 40 
Figure 3.7, 3.8: 3D views of the complete model and the transfer floor level of the 

model with transfer plate ............................................................................................ 42 
Figure 3.9: Plan view of the transfer floor level of the model with transfer plate ..... 42 
Figure 3.10: Cross section of the transfer floor level of the model with ................... 43 
transfer Plate............................................................................................................... 43 
Figure 3.11, 3.12: 3D views of the complete model and the transfer floor level of the 

model with waffle slab transfer floor ......................................................................... 44 
Figure 3.13: Plan view of the transfer floor level of the model with waffle slab 

transfer floor ............................................................................................................... 44 
Figure 3.14: Cross section of the transfer floor level of the model with Waffle slab 

transfer floor ............................................................................................................... 45 



8 

 

Figures 3.15, 3.16: 3D views of the complete model and the transfer floor level of the 

model with Cellular slab transfer floor ...................................................................... 46 
Figure 3.17: Plan view of the transfer floor level of the model with Cellular slab 

transfer floor (Top and bottom) ................................................................................. 46 
Figure 3.18: Cross section of the transfer floor level of the model with Cellular slab 

transfer floor ............................................................................................................... 47 
Figure 3.19: Auto construction load case on ETABS ................................................ 49 
Figure 3.20: Envelope for dead loads on ETABS ...................................................... 50 
3.2.2.5 Load Combinations ........................................................................................ 50 
Figure 4.1: Modal directions – Structure with the Transfer Beams ........................... 52 
Figure 4.2: Modal directions – Structure with the Transfer Plate .............................. 53 
Figure 4.3: Modal directions – Structure with the Waffle Slab transfer floor ........... 54 
Figure 4.4: Modal directions – Structure with the cellular slab transfer floor ........... 55 
Figure 4.5: Maximum top displacement for SLS combination in +X wind direction – 

Model with Transfer Beams ....................................................................................... 58 
Figure 4.6: Maximum top displacement for SLS combination in -X wind direction – 

Model with Transfer Beams ....................................................................................... 58 
Figure 4.7: Maximum top displacement for SLS combination in +Y wind direction – 

Model with Transfer Beams ....................................................................................... 59 
Figure 4.8: Maximum top displacement for SLS combination in -Y wind direction – 

Model with Transfer Beams ....................................................................................... 59 
Figure 4.9: Maximum top displacement for SLS combination in +X wind direction – 

Model with the Transfer Plate .................................................................................... 60 
Figure 4.10: Maximum top displacement for SLS combination in -X wind direction – 

Model with the Transfer Plate .................................................................................... 61 
Figure 4.11: Maximum top displacement for SLS combination in +Y wind direction 

– Model with the Transfer Plate ................................................................................. 61 
Figure 4.12: Maximum top displacement for SLS combination in -Y wind direction – 

Model with the Transfer Plate .................................................................................... 62 
Figure 4.13: Maximum top displacement for SLS combination in +X wind direction 

– Model with the Waffle Slab transfer floor .............................................................. 63 
Figure 4.14: Maximum top displacement for SLS combination in -X wind direction – 

Model with the Waffle Slab transfer floor ................................................................. 63 
Figure 4.15: Maximum top displacement for SLS combination in +Y wind direction 

– Model with the Waffle Slab transfer floor .............................................................. 64 
Figure 4.16: Maximum top displacement for SLS combination in -Y wind direction – 

Model with the Waffle Slab transfer floor ................................................................. 64 
Figure 4.17: Maximum top displacement for SLS combination in +X wind direction 

– Model with the Cellular Slab transfer floor ............................................................ 65 
Figure 4.18: Maximum top displacement for SLS combination in -X wind direction – 

Model with the Cellular Slab transfer floor ............................................................... 66 
Figure 4.19: Maximum top displacement for SLS combination in +Y wind direction 

– Model with the Cellular Slab transfer floor ............................................................ 66 
Figure 4.20: Maximum top displacement for SLS combination in -Y wind direction – 

Model with the Cellular Slab transfer floor ............................................................... 67 
Figure 4.21: Inter storey drift for SLS combination in +X wind direction – Model 

with Transfer Beams .................................................................................................. 69 



9 

 

Figure 4.22: Inter storey drift for SLS combination in -X wind direction – Model 

with Transfer Beams .................................................................................................. 70 
Figure 4.23: Inter storey drift for SLS combination in +Y wind direction – Model 

with Transfer Beams .................................................................................................. 70 
Figure 4.24: Inter storey drift for SLS combination in -Y wind direction – Model 

with Transfer Beams .................................................................................................. 71 
Figure 4.25: Inter storey drift for SLS combination in +X wind direction – Model 

with the Transfer plate ............................................................................................... 72 
Figure 4.26: Inter storey drift for SLS combination in -X wind direction – Model 

with the Transfer plate ............................................................................................... 72 
Figure 4.27: Inter storey drift for SLS combination in +Y wind direction – Model 

with the Transfer Plate ............................................................................................... 73 
Figure 4.28: Inter storey drift for SLS combination in -Y wind direction – Model 

with the Transfer Plate ............................................................................................... 73 
Figure 4.29: Inter storey drift for SLS combination in +X wind direction – Model 

with Waffle Slab transfer floor .................................................................................. 74 
Figure 4.30: Inter storey drift for SLS combination in -X wind direction – Model 

with the Waffle Slab transfer floor............................................................................. 75 
Figure 4.31: Inter storey drift for SLS combination in +Y wind direction – Model 

with waffle slab transfer floor .................................................................................... 75 
Figure 4.32: Inter storey drift for SLS combination in -Y wind direction – Model 

with the Waffle Slab transfer floor............................................................................. 76 
Figure 4.33: Inter storey drift for SLS combination in +X wind direction – Model 

with the Cellular Slab transfer floor ........................................................................... 77 
Figure 4.34: Inter storey drift for SLS combination in -X wind direction – Model 

with the Cellular Slab transfer floor ........................................................................... 78 
Figure 4.35: Inter storey drift for SLS combination in +Y wind direction – Model 

with the Cellular Slab transfer floor ........................................................................... 78 
Figure 4.36: Inter storey drift for SLS combination in -Y wind direction – Model 

with the Cellular Slab transfer floor ........................................................................... 79 
Figure 5.1: Summary of Modal Periods ..................................................................... 84 
Figure 5.2: Summary of Lateral Displacement (X Direction) ................................... 85 
Figure 5.3: Summary of Lateral Displacement (Y Direction) ................................... 85 
Figure 5.4: Summary of Inter Storey Drift Ratios (X Direction) ............................... 86 
Figure 5.5: Summary of Inter Storey Drift Ratios (Y Direction) ............................... 86 
Figure 5.6: Summary of Overall Depth...................................................................... 87 
Figure 5.7: Summary of Concrete weight of transfer floor ........................................ 88 

 

 

 

 

 

 

 

 

 



10 

 

List of Tables 

 
Table 3.1: Storey details ............................................................................................. 39 
Table 3.2: Section sizes & materials – Structure with transfer beams ....................... 41 
Table 3.3: Section sizes & materials – Structure with transfer plate ......................... 43 
Table 3.4: Section sizes & materials – Structure with waffle slab transfer floor....... 45 
Table 3.5: Section sizes & materials – Structure with cellular slab transfer floor ..... 47 
Table 3.6: Assigned gravity loads .............................................................................. 48 
Table 3.7: Assigned gravity loads .............................................................................. 50 
Table 4.1: Modal results of the structural model with the Transfer Beams ............... 52 
Table 4.2: Modal results of the structural model with the Transfer Plate .................. 53 
Table 4.3: Modal results of the structural model with the Waffle Slab ..................... 54 
transfer floor ............................................................................................................... 54 
Table 4.4: Modal results of the structural model with the cellular slab ..................... 55 
transfer floor ............................................................................................................... 55 
Table 4.5: Summary of modal results for all four structures ..................................... 56 
Table 4.6: Maximum lateral deflection of the model with Transfer Beams .............. 57 
Table 4.7: Maximum lateral deflection of the model the with transfer plate ............. 60 
Table 4.8: Maximum lateral deflection of the model with the waffle slab ................ 62 
transfer floor ............................................................................................................... 62 
Table 4.9: Maximum lateral deflection of the model with the Cellular Slab transfer 

floor ............................................................................................................................ 65 
Table 4.10: Summary table for maximum lateral deflection of all structures ........... 68 
Table 4.11: Maximum wind induced inter storey drift for structural model with 

Transfer Beams .......................................................................................................... 69 
Table 4.12: Maximum wind induced inter storey drift for structural model with the 

Transfer Plate ............................................................................................................. 71 
Table 4.13: Maximum wind induced inter storey drift for structural model with the 

Waffle Slab transfer floor........................................................................................... 74 
Table 4.14: Maximum wind induced inter storey drift for structural model with the 

Cellular Slab Transfer Floor....................................................................................... 77 
Table 4.15: Summary of Maximum wind induced inter storey drift for all structures

 .................................................................................................................................... 79 
Table 4.16: Summary of floor depth in each transfer floor type ................................ 81 
Table 4.17: Concrete weight of each transfer floor type ............................................ 83 
Table 5.1: Summary of Modal Periods ...................................................................... 84 
Table 5.2: Summary of Maximum Lateral Deflection ............................................... 85 
Table 5.3: Summary of Maximum Inter Storey Drift Ratios ..................................... 86 
Table 5.4: Summary of Overall Floor Depths ............................................................ 87 
Table 5.5: Summary of Constructability .................................................................... 87 
Table 5.6: Summary of the Concrete weight of transfer floor ................................... 88 
 

 

 

 

 



11 

 

List of Appendices 

 

Appendix  Description 

 

Appendix- A    Wind Loads Calculation 

Appendix- B    Validation of Structural Element Sizes 

Appendix- C    Evaluation of Concrete Weight of the Transfer Floor Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


