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fib - Federation Internationale du Beton
42 National Member Groups, 
1000 corporate and 
individual members.

Mission:
“To develop at an 
international level the study 
of scientific and practical 
matters capable of 
advancing the technical, 
economic, aesthetic and 
environmental performance 
of concrete construction” 
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Commission 6 (COM6)
Prefabrication

Ten Commissions

COM6 – Main Aim

“To further the progress of 
precast structural concrete 
by promoting research and 
development 
internationally and 
transferring knowledge to 
practical design and 
construction ”

fib Organisation
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Commission 6 (COM6)
Prefabrication

Activities

• Stimulate and coordinate international R & D.
• Contribute to recommendations for Codes and Standards, e.g. 

Eurocode.
• Transfer knowledge of design and construction through 

technical bulletins.
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Commission 6 (COM6)
Prefabrication

Technical Bulletins

• Technical Report
• State of the Art Report
• Design Manual or Handbook
• Guide to Good Practice
• Recommendation
• Model Code

14 Bulletins by COM6 from 
Bulletin 6 in 2000 to Bulletin 88 
in 2018

5



6

Commission 6 (COM6)
Prefabrication

Membership

• Approximately 40 members
Balanced composition (academics, designers, producers, suppliers, contractors)

• Representing 18 countries
Australia (2), Belgium (1), Brazil (2), China (1), Finland (2), France (2), Germany (2),
Greece (1), India (2), Ireland (1), Italy (6), Japan (1), Netherlands (1), Poland (1),
Portugal (2), Spain (2), Switzerland (1), USA (7)
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Commission 6 (COM6)
Prefabrication

8 Active Task Groups

TG6.1 Prestressed hollow core floors
TG6.2 Quality control for precast concrete
TG6.3 Sustainability of structures with precast elements
TG6.4 Precast concrete towers for wind power generators 
TG6.5 Precast concrete bridges
TG6.6 Retrofitting of precast seismic structures
TG6.7 Precast concrete in tall buildings
TG6.9 Precast parking structures



Task Group TG6.7:Precast Concrete in Tall Buildings
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Terms of Reference:

“To develop a state of the art bulletin 
that will show how precast concrete can 
be effectively integrated into tall 
buildings using modern materials and 
techniques, drawing on the experience 
and expertise that is currently available 
in the global concrete industry”



Task Group TG6.7:Precast Concrete in Tall Buildings
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Target Audience

State of the Art Report: “An introduction to what 
is possible with precast concrete in tall buildings”
 Professionals
 Contractors
 Investors, Developers and Owners
 Users
 Public Bodies
 Producers
 Students



fib
Concrete in Tall Buildings

• TG1.6: Formed in 2009 and published Bulletin 73 in September 2014, 
state of the art report; structural design of concrete buildings up to 
300m tall.

• TG6.7: Formed in 2014, work now near completion for bulletin 
“Precast Concrete in Tall Buildings”, publication target mid 2020.
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Task Group TG6.7:Precast Concrete in Tall Buildings
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 Task Group Set up October 2014 (32 members, 
16 countries)

 Draft complete October 2019

 Review completion target-Early 2020

 Publication target-Mid 2020



Task Group TG6.7:Precast Concrete in Tall Buildings
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3) Integration of Precast Concrete into Mixed Construction
4) Precast Concrete Structural Systems
5) Floor Systems
6) Columns
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8) Stairs and Landings
9) External Façade and Claddings
10) Precast Concrete in Seismic Zones
11) Construction
12) Case Studies



Chapter 1 : Introduction
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 Background- Terms of reference, scope of document.

 What is a Tall Building? - Definition of “Tallness” and 
associated characteristics.

 The Application of Precast Concrete in Tall Buildings.



Chapter 1 : Introduction
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When is a Building Considered to be Tall?

Often it is quoted that a building is considered 
to be tall when its aspect ratio, height divided 
by smaller plan length, is greater than 5.

It is not generally as simple as that!

Tall 
Building?

Not a Tall 
Building?



Chapter 1 : Introduction
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Three recognised categories that can define a tall building:

 Height relative to context

 Proportion

 Different technologies relevant to “tallness” – Specialist 
vertical transport technologies, special wind bracing etc 
could lead to the building being defined as tall.



Chapter 1 : Introduction
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Example of height relative to 
context:
14 storey building in provincial context 
compared to 14 storey building in urban 
surroundings.

Example of proportion:
Slender building and large footprint 
buildings in urban landscape.

For this document lower limit for tall buildings is 14 storeys or 50m.



Chapter 1 : Introduction

Characteristics of Tall Buildings:

Often have relatively small footprint, normally because of high land values 
and restricted space.
Above basement and first couple of storeys occupancy tends to be either 

residential or office. Office buildings have a repetitive layout with open 
plan floors, residential buildings have many dividing walls that can often be 
structural.
For the structural engineer the relative magnitude of the lateral loading, 

wind and seismic, increases compared to vertical loading.
Cores are very important; they must accommodate the lifts, means of fire 

escape and provide structural stability
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Chapter 1 : Introduction
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Open Plan Office 
Layout with Edge 
Columns

Characteristics of Tall Buildings: Small Footprint

Residential Layout with 
Dividing Walls used as 
Part of the Structure 



Chapter 1 : Introduction
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Characteristics of Tall Buildings: Cost Premium

There is a cost premium for the structure from wind 
and other lateral forces due to “tallness”

 The prime reason for any building is to transfer vertical loads 
to the foundations.

 With increasing building height and slenderness lateral 
forces due to wind and earthquakes become more important

 The building structure has to be designed to provide 
sufficient stiffness for both lateral stability and the comfort of 
the inhabitants

 In taller buildings there is a consequent increasing cost as the 
height and slenderness increases

 The engineer’s challenge is to develop efficient and 
innovative structural systems that minimise the cost 
premium arising through “tallness” but also satisfy the 
building’s performance requirements.



Chapter 1 : Introduction

Characteristics of Tall Buildings: Essential Components

Cores, including stairs and landings
Floors
Other vertical components: Columns and walls
Façade

All these components can be provided in precast concrete

A solution can be delivered where the structural frame is part of the functional building, 
i.e. its walls, floors and facade, without the need for a separate structural frame.
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Chapter 2 :Benefits of Precast Concrete in Tall Buildings

The Benefits of Concrete:

High quality and low maintenance
Fire resistance
Strength
Temperature control and insulation
Acoustic separation
Durability
Visual flexibility
Sustainability
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Chapter 2 :Benefits of Precast Concrete in Tall Buildings

Extra Benefits through Use of Precast Concrete in Tall Buildings:

Reduction in floor cycle time (Time taken to construct single floor and 
supporting vertical elements).
Increased time certainty and improved completion dates
Less congestion at jobsite, fewer people and materials
Budget certainty and value for money: Not generally affected by site based 

risks.
Quality certainty as elements produced in advance of construction.
Providing complex components, often in relatively inaccessible locations
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Chapter 2 :Benefits of Precast Concrete in Tall Buildings
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Example: Battersea Power Station Residential Development, London
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Quality and Time Certainty

 A large residential development in central London 
with over 1000 apartments.

 Eight Blocks being built simultaneously with floor 
cycle times critical.

 Estimated that vertical elements in floor cycle per 
Block would take three days in precast and two weeks 
insitu, i.e. seven working days saving per floor. For 18 
floors this equates to 25 weeks time saving. 

 Each Block contains one escape core and a mock up 
was developed to test finish, fit and timing



Chapter 3: Integration of Precast Concrete into 
Mixed Construction

Possible Combinations:
• Slipformed cores with precast concrete stairs and landings
• Insitu cores with precast concrete columns, beams and slabs
• Precast columns and walls with insitu concrete floors
• Precast cores with insitu concrete floors
• Composite precast and insitu concrete floors
• Precast floor slabs with steel beams
• Insitu concrete or steel frames with precast concrete facades
• Precast concrete balconies with insitu and composite floors
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Chapter 3: Integration of Precast Concrete into 
Mixed Construction
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Dexia Tower, Brussels: Precast 
columns, beams and floors with 
insitu concrete tower

Example of precast concrete core walls, stairs 
and landings with insitu concrete floors



Chapter 3: Integration of Precast Concrete into 
Mixed Construction

Example of precast concrete biscuit slabs with void 
formers and insitu concrete topping

Precast hollowcore slabs supported by “Slimfor” 
steel beams that provide a flatslab finish.



Chapter 4: Precast Concrete Structural Systems

Frame Systems

Shear Wall Systems

Tube Systems
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Chapter 4: Precast Concrete Structural Systems
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Precast concrete moment resisting 
frames: Large section sizes may be 
needed for taller buildings.



Chapter 4: Precast Concrete Structural Systems

Walling Systems
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Shear Walls Coupled Shear Walls Tube in Tube System



Chapter 4: Precast Concrete Structural Systems

32Shear wall system 

Coupled Wall System



Chapter 4: Precast Concrete Structural Systems
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Tube in tube: Taller buildings 
possible due to greater 
structural composite depth. 
Regular shapes normally 
required.



Chapter 5: Floor Systems

Reinforced filigree slabs (Also known as shuttering slabs)

Voided reinforced slabs

Reinforced ribbed slabs

Prestressed plate flooring

Prestressed hollowcore flooring

Prestressed ribbed slabs (Single tees, double tees and channels)
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Chapter 5: Floor Systems
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Chapter 5: Floor Systems
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Example of precast beam with precast ribbed slabs

Post tensioning ducts fixed above precast 
filigree slab



Chapter 5: Floor Systems
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Reinforced concrete analogy for insitu 
topping acting as diaphragm

Simple examples of moment and shear 
force distributions through diaphragm



Chapter 6: Columns

Single storey columns of different cross section

38



Chapter 6: Columns

Multi storey columns

39Two storey round columns with corbels

Multi storey column with intermediate voids 
for insitu floor slab interface. 



Chapter 6: Columns

Connections

40
Column Shoes

Grouted Couplers
Grouted coupler 
with one end 
threaded

Coupled bars 
grouted into cast 
in tubes 

Ribbed steel tube, cast 
into column to receive 
connecting bar



Chapter 7: Walls

Applications:
Stair cores
Lift shafts
Service risers
Boundaries
Structural shear walls
Transfer structure
Non-structural partitions
Fire walls
Acoustic barriers
Façade support (See Chapter 9 for specific application to facades)
Thermal insulators; sandwich panels (See also Chapter 9)
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Chapter 7: Walls
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Flat solid walls Integrated Solid Wall



Chapter 7: Walls

43

lattice girder height

c = proper cover

c = proper cover

supporting reinforcement

transverse slab reinforcement
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positive slab reinforcement

negative slab reinforcement

connecting (wall) reinforcement

longitudinal reinforcement
with proper overlapping

15mm

precast plank floor

} proper anchorage length

Composite Twin Walls
(Also known as 
Double Wall)

Solid segments for shaft 
construction



Chapter 7: Walls
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Examples of Joints 
and Connections 
between Solid Wall 
Elements.



Chapter 7: Walls
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Automated Carousel Production for 
Precast Twin Wall 



Chapter 8: Stairs and Landings

All tall buildings require numerous stair flights and landings.

46

Simple flights spanning between transverse 
landings.



Chapter 8: Stairs and landings
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Helical flights inside a round 
tower.

Shapes and configurations 
that can be achieved:



Chapter 8: Stairs and Landings
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Sawtooth flights with invisible connections
Flights with dividing spine wall



Chapter 9: External Façade and Cladding

Types of External Precast Panels:

Single Leaf Panels: Provide a weather proof architectural envelope but perform 
no structural function. 

Sandwich Panels: Comprise two concrete leaves, or wythes, that are separated 
by an insulating core. The outer wythe provides the weatherproof skin and 
architectural finish. The inner wythe is loadbearing, and as a minimum provides 
support for itself and the outer wythe. It can also be designed to support the 
perimeter of the building and assist lateral stability (Tube systems). 
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Chapter 9: External Façade 
and Cladding
Panel Layouts
Finishes and Textures
Heat Transfer Control
Air Leakage Control
Condensation and Moisture Control
Water Leakage Control
Solar and ultra Violet Radiation
Noise Insulation
Fire Resistance and Control
Structural Design
Durability

50
Panel layout covering vertical and horizontal 
structural members



Chapter 9: External Façade and Cladding
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Precast Concrete Sandwich Panels 

Sandwich Panel Insulated with 
Mineral Wool in Finland



Chapter 9: External Façade and 
Cladding

52

Architectural Cladding with incorporated 
glazing 



Chapter 9: External Façade and Cladding
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Architectural Precast Concrete Used for Replicated Stone 
Finish



Chapter 9: External Façade 
and Cladding
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Precast Architectural Sandwich Panel used 
as Structural Part of Outer Tube 



Chapter 10: Precast Concrete in Seismic Zones

Design Methods

Traditional prescriptive force based design:  Fb = ks . m/R, elastic response analysis 
with force reduction factor R (Varies between 1 and 8). Not generally suitable for 
seismic design of tall buildings.

Performance based seismic design (PBSD): Focuses on inelastic behaviour and 
predicts member strains at the anticipated level of building drift. Preferred 
approach to seismic design of tall buildings. 
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Chapter 10: Precast Concrete in Seismic Zones

PBSD Example of Performance Criteria for Tall Buildings in Seismic Zones 
(CTUBH recommendations):

Frequent Earthquakes (95 year return): Should suffer little or no damage. 
Members must remain within their elastic range.
Rare Earthquakes (475 year return): Building may not be repairable but 

retains capacity to support gravity loads and some capacity to resist further 
lateral loading.
Very Rare Earthquakes (2475 year return): Heavy unrepairable damage but 

retains capacity to resist expected gravity load enabling evacuation of the 
building.

56



Chapter 10: Precast Concrete in Seismic Zones

Precast Concrete Elements and their Connections

Emulative Systems: The equivalent of its cast insitu monolithic version. Emulation 
of monolithic behaviour typically relies on the formation of plastic hinges to 
dissipate energy during an earthquake. 

Non-Emulative Systems: Use the unique properties of precast concrete elements 
interconnected predominantly by dry connections (Jointed precast). 
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Chapter 10: Precast Concrete in Seismic Zones

58

Emulative Connections

Damage at Plastic Hinge following 
Earthquake



Chapter 10: Precast 
Concrete in Seismic Zones
Non Emulative Connections
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Courtesy of  Ms. S. Nakaki

UnbondedUnbonded postpost--tensioned tensioned 
tendonstendons

NonNon--prestressed prestressed 
(mild) steel(mild) steel FiberFiber reinforced reinforced 

groutgrout padpad

 

Unbonded  
post-tensioned 
tendons 

Energy 
Dissipation 
Devices 

Jointed Ductile DRY connections assembled 
by post-tensioning techniques

Hybrid systems : combination of unbonded 
post-tensioning AND dissipaters

“Controlled Rocking” :
Reduced level of damage
Negligible residual (permanent) 
deformations



Chapter 10: Precast Concrete in Seismic Zones
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fib Bulletin 
(2003)

Damage



Chapter 10: Precast Concrete in Seismic Zones
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Examples of Energy dissipators



Chapter 10: Precast Concrete 
in Seismic Zones

62

12.12 The Paramount, San Francisco, California, USA

 Architectural precast 
façade and seismic 
bracing system

 39 storeys/128m
 Precast Hybrid 

Moment Resisting 
Frame uses central PT 
and top and bottom 
ductile mild steel bars 
for energy 
dissipation.



Chapter 11: Construction

Factors to be considered:

The site configuration and layout in relation to delivery, handling and 
storage of precast elements; pick up point from centre of lifting equipment, 
available short and long term storage areas.
Precast element shapes and weights.
Simplicity, speed and repetition of connection details
Temporary building and element stability.
Method of vertical and horizontal transport of precast elements
Consideration of finishes and access to complete them.
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Chapter 11: Construction

Site Configuration

Effect of adjoining properties and roads  
Crane location and capacity
Delivery and pick point
Sequence
On site storage
Off site storage
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Chapter 11: Construction
Precast Shape and Weight: Ideally 
simple, modular plain elements should 
be provided, but this is not always 
possible!
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Chapter 11: Construction

Connection Details:

Aim for simple and repetitive- Less risk of mistakes
Different types of connection to be minimised-The fewer the better
Horizontal connections are generally simpler than vertical connections
Horizontal jointing typically dominated by compressive forces-can be favourable 

to counter shear and bending effects
Vertical jointing dominated by shear and bending
Quality control-Ensure all joints properly completed. Grouts and bedding mortars 

to cover full required area, not just for strength purposes but also as barrier for 
fire, sound, air tightness etc
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Chapter 11: Construction

Temporary Building and Element Stability

The stability of individual elements before their connection to the building’s 
structural frame-Temporary propping and restraint
The overall stability of the partly completed building; with due regard given to 

the philosophy of the global structural analysis and the means of transferring the 
applied forces to the building’s foundations.
Contractor’s method statement to be consistent with precast engineer’s design 

approach
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Chapter 11: Construction

Vertical and horizontal transport of 
precast elements:

Vertical transport dominant in tall 
building construction
Traditionally tower cranes combine 

vertical and horizontal transport
Hoisting sheds can separate vertical 

and horizontal transport 
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Chapter 11: Construction
Hoisting Shed: Assembly mounted on top of building as it is 
constructed. It splits vertical and horizontal transport
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Chapter 11: Construction

Finishes: Minimise external finishes that are site applied. Architectural precast 
panels can include all external finishes and only require joint sealants on site.
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Chapter 12: Case Studies

There are 15 case studies from 12 different countries.
Case studies selected for this chapter will illustrate the benefits, 
applications and principles relating to precast concrete in tall buildings 
that have been described in the previous chapters. These are global 
examples that show innovation, modern techniques and the versatility 
related to this form of construction. 
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Chapter 12: Case Studies

12.2 Bella Sky Hotel, 
Copenhagen, Denmark; Hotel 
accommodation, 812 rooms, 
23 storeys, 76m high. Full 
building structure, mainly wall 
panels and hollowcore floors.
Winner of the fib Award for 

Outstanding Concrete 
Structures, 2014.
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Chapter 12: Case Studies

12.3 Dexia Tower, Brussels, 
Belgium; Offices, 37 storeys. 
Precast columns, beams and floor 
slabs with insitu central stability 
core.
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Chapter 12: Case Studies

12.4 Breaker Tower, Bahrain; Apartments, 
35 storeys, 165m high. Full building 
structure; wall panels, columns, beams and 
hollowcore floors
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Chapter 12: Case Studies

12.5 Urban Dock Park City Toyosu, 
Japan; Apartments, 52 storeys, 180m 
high. Also includes a second building 
of 32 storeys on same site. Seismic 
moment resisting frames using 
precast beams, columns and floors.
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Chapter 12: Case Studies

12.6 Deux Tours, Tokyo, 
Japan; Apartments, Two 
buildings that are each 52 
storeys, 180m high. 
Seismic moment resisting 
frames of precast columns 
(SQRIM), beams (SQRIM-
H) and hollowcore slabs
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Chapter 12: Case Studies
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 12.7 Tampere Tower Hotel, Helsinki, 
Finland; Hotel accommodation, 305 
rooms, 25 storeys, 88m tall. External 
architectural sandwich panels, internal 
load bearing partition walls



Chapter 12: Case Studies

12.8 BMX, Parcel A, Parque de 
Cidade, Sao Paulo, Brazil; Car parking, 
shopping centre, offices, hotel, 
apartments. 30 storey tower, 4 
storeys of shopping centre and 6 
storeys of car parking. Six storey 
basement precast structure and four 
storeys of shopping.
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Chapter 12: Case Studies

12.9 Conjunto Paragon, 
Santa Fe, Mexico; Hotel, 
29 storeys plus 7 
underground storeys. 
Building façade, 
comprising 520 curved 
and straight pieces, both 
concave and convex.
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Chapter 12: Case Studies
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 12.10 North Western Memorial 
Hospital, Chicago, Illinois, USA; 
Health care, 25 storeys. Building 
façade; Prestressed wall panels, 
insulated sandwich panels for levels 
above parking garage, non-insulated 
for lower garage floors. 



Chapter 12: Case Studies

12.11 Erasmus Medical Centre, Rotterdam, 
The Netherlands; Health care, 35 storeys, 
120m tall. Fully precast building; Insulated 
external sandwich panels, internal solid 
walls and hollowcore slabs. Hoisting shed 
used for construction.
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Chapter 12: Case Studies

12.12 The Paramount, San 
Francisco, California, USA; 
Retail, offices and parking,
Levels 1 to 8; Apartments from 
Level 8 upwards, 39 
storeys/128m. Architectural 
façade cladding and seismic 
bracing system.
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Chapter 12: Case Studies

12.13 Premier Tower, 
Melbourne, Australia; 
Hotel, retails and 
apartments, 78 storeys, 
249m high. Precast 
panels, columns and 
mega shell columns
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Chapter 12: Case Studies

12.14 Australia 108, Melbourne, Australia; 
Residential (1,105 Apartments), 100 
storeys, 317m high. Precast panels and 
columns.
When completed will be tallest building 

in Australia. 
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Chapter 12: Case Studies

12.15 Seismic Resistant 
Office Structure, 
Shanghai, China; Offices, 
18 storeys, 80m high. 
Beam and column frame, 
precast floors, with insitu 
concrete core. It is the first 
office building of this 
height to be framed in 
precast concrete in the 
city
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Chapter 12: Case Studies

12.16 Torre de Cristal, Madrid, Spain; 
Offices, 53 storeys, 250m high. 
Hollowcore floors throughout.
It ranked as the tallest building 

structure in Spain when completed in 
2008, and the fourth in the EU.
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Breaker Tower Bahrain
165 m precast concrete



Breaker Tower



Breaker Tower



Breaker Tower



Breaker Tower
• Showroom
• 5-storey parking garage
• 25 storeys with 4 app./ floor
• 4 storeys penthouses



Breaker Tower



Breaker Tower
• 29,800 m2 floor surface
• 4,2 m free storeys height !
• 35 storeys
• Entrance on the back side:



Breaker Tower
• Structural design 



Breaker Tower
• Torsion caused by eccentric lateral loads: 



Breaker Tower
• Precast concrete design 



Breaker Tower



Breaker Tower
• No traditional formwork
• Vertical hairpins
• Roughened / Shear key
• Bending tensile reinforcement



Breaker Tower



Breaker Tower



Breaker Tower
• 2 floors ahead produced in factory
• Construction 1 storey / 13 days:

• 7 days hollow core slabs, beams, stairs
• 6 days columns and shear wall panels

• Largest tower crane of the region:
• Capacity 24 ton on 43 meter
• 100 m. free above highest fastening point
• 168 m. high tower crane
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