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FOREWORD  
 
A key focus of the Construction Industry Transformation Map (ITM) is to champion widespread 
adoption of Design for Manufacturing and Assembly (DfMA) technologies. By moving construction 
activities from worksites to a controlled factory environment, projects can reap the benefits of higher 
productivity and quality. 
 
Advanced Precast Concrete System (APCS) is a key technology under the DfMA continuum. Building on 
the experience gained from adopting precast concrete in more than three decades, we are working 
closely with the industry to advance precast concrete designs and technologies for higher productivity 
and quality. 
 
This guidebook represents a joint collaboration between BCA and the industry, and serves to provide 
guidance on incorporating DfMA principles in the design, fabrication, and installation of APCS. Good 
practices on connection design and detailing, efficient automated production, and productive site 
installation are provided to practitioners adopting precast concrete systems. The guidebook also 
features projects in Singapore adopting precast concrete systems that reduce in-situ wet works. 
 
This guidebook is not meant to be a definitive publication on how connections for APCS must be 
designed, fabricated and installed. Practitioners are encouraged to use this guide to innovate and 
continually improve the system, so as to achieve higher productivity and quality. To obtain more 
comprehensive information and guidance, readers should seek professional advice from designers and 
suppliers of such connection systems. We gratefully acknowledge the contributions of key technical 
agencies and industry practitioners in the production of this guidebook and trust that the industry will 
find this publication useful. We welcome any contributions from readers to improve subsequent 
editions of this guide. 

 
Neo Choon Keong 

Deputy Chief Executive Officer 
Industry Development 
Building and Construction Authority 
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INTRODUCTION  
Precast Concrete (PC) construction was introduced in Singapore in the early 1980s for the public 
housing developments. This construction method was made prominent through the 1990s with 
increasingly advanced design and on-site practices, eventually becoming the preferred construction 
ƳŜǘƘƻŘ ƛƴ {ƛƴƎŀǇƻǊŜΩǎ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅΦ  
 
However, apart from embracing a more modular and systematic design in both structural and 
architectural works to improve site productivity and cost efficiency, the design techniques used in 
structural connection systems in local PC construction have seen little changes since the late 1990s.   
 
The concept of Design for Manufacturing and Assembly (DfMA) which emphasises the use of precast 
and prefabricated building components have been strongly advocated in the construction industry in 
recent years. The underlying principles of DfMA call for more efficient building design and construction 
detailing, especially in the area of PC connection designs, so as to minimise the amount of wet works 
on-site.  
 

PRECAST CONCRETE CONNECTIONS 
 
This guidebook will focus on the DfMA approach in PC connection designs. To achieve higher site 
productivity, the guidebook will focus on the following shift: 
 
 
 
 
 
 
 
 
 
 
 
The adoption of mechanical connection systems to connect structural components have been 
extensively adopted in Europe for some time and is envisaged to substantially reduce the amount of 
in-situ wet joints commonly adopted in local construction sites at present. This shift could potentially 
help to improve the site productivity by an average 2-3% per annum by 2020. 
 
Advanced Precast Concrete System (APCS) requires major concept modifications in structural 
connection design and detailing. It entails the adoption of mechanical connection systems to realise 
the maximum advantage of DfMA design principles in both offsite precast manufacturing and on-site 
assembly works. Figure 1 ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ƻŦ t/ ŎƻƴƴŜŎǘƛƻƴǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ ƻǳǊ ƛƴŘǳǎǘǊȅΩǎ 
context.  
  

MECHANICAL  

CONNECTION SYSTEMS 

IN-SITU WET CONCRETE JOINTS +  

LAPPING OF REINFORCEMENT BARS  

(REBAR) FOR STRUCTURAL CONTINUUM 
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Figure I : Various types of PC connections with highlight of DfMA alternatives 

 
The design approach incorporating DfMA principles in APCS for architectural and structural works will 
be shared in the subsequent chapters. The design approaches are based on various case studies of 
successfully completed projects in recent years.  
  
To facilitate the adoption of more efficient PC connection systems, the design and features of 
proprietary products1 by various suppliers are also introduced in this guidebook to provide better 
understanding.  It does not implicit endorsement of any product.  
 
Apart from sharing the basic fundamentals and considerations in PC connection designs (with 
reference to Eurocodes requirements), practical design examples and application considerations of 
proprietary connection systems are also included.  
 
Structural designers can further examine and evaluate the various proprietary connection systems by 
ǎŜŜƪƛƴƎ ǎǳǇǇƭƛŜǊǎΩ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘ ŀƴŘ ƎǳƛŘŀƴŎŜ ŦƻǊ ǊŜƭŜǾŀƴǘ ǇǊƻŘǳŎǘ ŀǇǇƭƛŎŀǘƛƻƴΦ  

  

                                                           
1 The inclusion of proprietary products by specific suppliers in this guide is purely for illustration purpose. This 
guide is not an endorsement of these products by BCA nor does BCA give any warranties, explicit or implied, 
regarding the availability of the products, information or services, efficacy of the products or services or 
warranties of merchantability, fitness for a particular purpose, title or non-infringement. The supplier/user 
must ensure that their products are safe for public use and comply with all relevant regulations and statutory 
requirements at all times. 

PC Connections 

In-situ wet 
connections  
(Conventional) 

Mechanical 
connections 
(DfMA 
Approach) 

Grouted 
sleeves 
connections 

Bolted 
connections 
with grouting 
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KEY FEATURES IN ADVANCED PRECAST 
CONCRETE SYSTEM (APCS)   

OUTCOME BASED APPROACH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

EASE OF ON-SITE ASSEMBLY  

IMPROVED SITE 
PRODUCTIVITY  

SHORTER FLOOR CYCLE  
no increase in the number of workers/mandays compared  to 
conventional pc construction 

BETTER QUALITY AND 

IMPROVED SAFETY during site execution 
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ACHIEVABLE (BUT NOT LIMITED TO) 

 

Less wet joints and cast in-situ pour strip between PC components 

  

 

Minimal or no temporary work / falsework  

  

 

Integrated PC components (e.g. integrated with architectural or 

mechanical, electrical and plumbing finishes) 

  

 

Larger PC components that would optimise crane usage 

  

 

Higher standardisation in structural design and connection detailing  

  

 

Simplified structural design and connection 

  

 

Wider adoption of automation in PC manufacturing  
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CHAPTER 1  
DESIGN BASIS FOR ADVANCED PRECAST 
CONCRETE SYSTEM (APCS) 
 

1.1 GENERAL 
 
1.1.1 In developing an APCS, the functional considerations, building aesthetics and design 

approaches must first be understood by the various building disciplines, before 

conceptualising and commencing design development to meet the project specifications.   

 
1.1.2 The APCS design must be coordinated with the specification for components manufacturing, 

construction planning and site work.  

 
 

 
 

 

 

 

 

 

 
   

 
 

  
 
 
 
 
 
Figure 1.1: Key factors for APCS Design 

  

APCS  

DESIGN  
Specification 

for 
Components 

Manufacturing  

Construction 
Planning  

Site Work  

= 

+ 

+ 
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1.2 THE UNDERLYING DESIGN APPROACH AND 
OBJECTIVES 
 

1.2.1 An efficient Precast Concrete (PC) construction design: 

¶ Commences on a modular architectural layout,  

¶ Adopt high degree of the PC components repetition with optimal standardisation in 
connection design,  

¶ Achieve economy in mass production and  

¶ Ease site assembly work. 
 
1.2.2 Figure 1.2 below shows a total design approach in PC components manufacturing and site 

work, to achieve high productivity. 

 
 

 
 
 
 
 
 
Figure 1.2: Total design approach in PC components manufacturing and site work to achieve high productivity 

 
 
1.2.3 Structural connection design and construction plays an important complementary role in the 

PC construction system. It influences the PC construction methodology at the manufacturing 

plant and site work.  It is also a factor to facilitate higher automation and resources 

optimisation in manufacturing and efficient erection of PC components.  

 
1.2.4 Higher productivity can be achieved through design standardisation in component type and 

profile design in PC manufacturing, as compared to traditional PC manufacturing with low 

automation in the production handling and dependence on semi-skilled labour. Hence, the 

developments in work details through innovative connection design is effective in maximising 

the advantages of automation in the manufacturing plant. 

 
  

Architecture and Structural Design 
Concept Initiation 

+ Proposed Site Construction Method 
and Planning

Work Details for Components 
Manufacturing 

Start Finalise 

Iterative refinements 

High emphasis to implement design-enabled simplification of  
all downstream work tasks. 
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1.2.5 Manufacturing automation using robotic technology with no manual intervention requires the 

following:  

¶ Work processes to be streamlined to enable the fully automated assembly of 

prefabricated components 

¶ Avoid complex detailing in connection design (for example in current in-situ joint design) 

The disadvantages of manual interventions are: 

¶ Extra time and labour input in the preparatory process 

¶ Holding up other downstream processes  

¶ Total automation become ineffective  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1.2.6 The potential enhancements and advantages offered in various work processes are strong 

reasons for using proprietary mechanical connection systems. The key in APCS design is 

applying the appropriate PC connection system. 

DESIGN  
a) Easier standardisation in the connection detailing. 
b) Simplification and faster in detailed calculation check process. 
c) Faster completion in selection of connection products to satisfy design force 

requirement. This can be done through the proprietary system suppliersΩ 
design software in which the designers can carry out quick design 

MANUFACTURING  
a) Faster preparatory process. For example, the quick fixing of connectors 

into a standard mould  
b) Minimal manual work in customised moulding. 
c) Time-saving in automated production lines. 

 
In contrast, the current in-situ connection details are not only complex, it also 
involves difficult customised moulding work and block-outs. These also include 
the manual fixing of many loose rebars at the connection.  

ASSEMBLY  
a) Quicker and simpler works at the site through reduction or elimination of 

temporary propping, scaffolding, and stability bracing works. 

b) Easier grouting work. 

c) Faster site erection with an unbraced tall column or wall installation and 

unpropped floor construction. In such design, the connectors also function 

as temporary erection seating support and leveller thus saving crane time 

and temporary shoring. Nevertheless, it is important to note that total 

system stability at temporary stage must not be neglected in all situations. 
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1.3 ARCHITECTURAL DESIGN ASPECT 
 
Architectural design is a process to create a built environment with functionality for human comfort 
and sustainability through art and engineering design. In an effective PC construction, the external 
facade design is generally achieved through optimal standardisation in the following: 
 

Shapes, Forms and 
Patterns 

a) Base steel mould with fibre-reinforced plastic (FRP) mould, 
rubber mould lining, cast-in tile and granite slab. 

 
b) They can come with an intentional break or non-continuity in 

groove line or pattern at the panel connection to avoid the issue 
of misalignment during erection. 

 

Textures Surface polished, off-form, sand blasted, rope and hammered, 
reconstituted stone, exposed aggregate, revealed, acid etched. 
 

Colours a) Coloured cement or natural aggregates, pigments. 
 

b) There could be inconsistency in colour due to varied base 
material supply sourced locally. 

 

Integration of Features Elevation design variations created by integrating add-on features to 
a standard flat or simple facade module base panel. 
 

Repetitions in Elements 
Profile and Section 

Curves and special features design with built-in repetitive 
characteristics, such as: 
a) Limiting types of common radii in curvature 
 
b) Simple and consistent recess for panel section standardisation  
 
These factors help to enable economical mould fabrication for 
practical precasting and construction. 
 

Modular Design a) Plan and elevation design using repetitive multi-bay, cluster and 
multi-floor sub-modular arrangements. 

 
b) It is to create variation with interesting combination and 

standardisation of key dimensions. 
 

Rotational (instead of 
mirrored) Modular 
Layout Design 

a) Repetitive clusters in a floor plan with asymmetric rotation is 
preferred instead of the mirrored layout design. 

 
b) The asymmetric rotation method can create more identical PC 

components. 
 
c) Mirrored PC components generally do not support mould 

sharing, resulting in higher costs. 
 

 

Examples of successful applications of the above design approaches in some Singapore projects are 
compiled in the subsequent sections. 
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EXAMPLES OF PRECAST CONCRETE CREATING 
ARCHITECTURAL UNIQUENESS IN SINGAPORE 
PROJECTS 
 
  

 EXAMPLE 1 ï USE OF ARCHITURAL FINISHES ON PC 
FACADE 

 

 

  

   

    

 

 

 

 

 

     

 

  

(Image courtesy of Greyform) 

(Image courtesy of Robin Village) 

(Image courtesy of Advan-TIS) 
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EXAMPLE 2  PROJECTION FEATURES USING ADD-ON 

INTEGRATION TO FAÇADE COMPONENT DESIGN  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trellis and sunshade features are separate add-on components integrated to a base standard façade 
panel 

 
  

(Image courtesy of Advan-TIS) 
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EXAMPLE 3  PROJECTION FEATURES USING REPEATED 

ADD-ON FEATURES MODULE IN ELEVATION DESIGN 
 

 

 

 

 

     
 

 

 

     

 
  

(Image courtesy of Advan-TIS) 

(Image courtesy of Advan-TIS) 
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EXAMPLE 4  RESIDENTIAL PROJECT USING REPETITIONS IN 

PC COMPONENT IN CHALLENGING CURVE PROFILE AND 
SECTION 
 

 

 ¶ Standardisation of 
curve radii in roof trellis 
and balconies to only a 
few types 

¶ Adopt common section 
profiles to increase in 
mould re-use 

 

 

  
 
  

(Image courtesy of Advan-TIS) 
 

(Image courtesy of Excel Precast) 
 

(Image courtesy of Excel Precast) 
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 EXAMPLE 5 ï RESIDENTIAL PROJECT USING 

STANDARDISED PC ROOF COMPONENT 3-D PROFILE AND 
SECTION APPLYING TO MULTI BLOCKS 

 

   
 

 

 

   
 

 

   

PC curved roof 
canopy feature 
beams are 
economised with 
use of standardised 
common radii and 
section in varying 
length combination 

    

 

 

 

 

 

 

 
(All images above courtesy of Advan-Tis) 
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EXAMPLE 6  INTERESTING MODULAR DESIGN IN ADMORE 7 

PROJECT USING REPEATED MULTI-FLOOR MODULES IN 
ELEVATION DESIGN 
 

 
   

 

Complex design features which 
are friendly to PC construction 
 
 
 
 
 

 
   

 
(All images above courtesy of Shimizu Corporation) 
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EXAMPLE 6 (CONTINUED) 
 

 
a) Typical floor layout is not mirrored. Instead, it uses the rotation of a common floor 

segment arrangement (from the front to the rear) to create repetition in its curvy design 

features. 

b) Similarly, the floor elevation modules are repeated after every fourth floor with mirror 

and protruding design components to create an interesting 3-D effect. 

 

 

 a) Multi-floor modules in 

a 4-storey stack in two 

main elevations 

design. 

b) Identical design 

features which are 

sometimes mirrored. 

c) Increased repetition 

enables economical 

use of PC technology.  

 

 

 

 
(All images above courtesy of Shimizu Corporation) 
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EXAMPLE 6 (CONTINUED) 

 
   
3-D forms and curved features can 
also be PC friendly when 
standardisation and modular concept 
are in-built into design. 
 
 
 

 

 
 

 

 

 

  

(Image courtesy Shimizu Corporation) 
 

 
 

 
(All images above courtesy of Shimizu Corporation) 
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EXAMPLE 6 (CONTINUED) 

 
 
                      
 

  

a) Additional glass fibre reinforced concrete (GRC) small panels (highlighted in green) are 

used at locations to help complete the smooth transition between PC components. 

b) Small feature elements such as louvres, are also done in GRC instead of PC for practical 

and overall effective cost reasons. 

c) Limitations in moulding and handling damages to delicate edge profiles in PC 

components can thus be overcome in such difficult areas. 

 

Note: Small GRC add-on is much more economical as compared to adding complex moulding 
requirement into the large PC panel 
 
 
(All images above courtesy of Shimizu Corporation) 
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EXAMPLE 7 ï SUPER TREE STRUCTURES CONSTRUCTION AT 
GARDEN BY THE BAY  
 

 

Super Tree Structures with segmented 
curved 3-D PC components. 

 
 
 
 

   

   
   

   

 
 
 

   

 
(All images above courtesy of Expand Corporation) 
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CHECKLIST - GOOD PRACTICE FOR ARCHITECTS TO 
ACHIEVE EFFICIENT PRECAST DESIGN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

  

Can the majority of main column gridlines be standardized? 
 

Can the floor layouts be designed using modular arrangements?  
Or can systematic clustering of largely similar units be achieved? 

Can add-on features to the base façade design or sub-modular arrangements  
be used to create interesting elevations? 

Can repetition in componentsΩ profiles, sections and surface features design  
in building components be achieved? 

Can shapes, textures or colors be incorporated into PC façade with sufficient  
standardisation? 

Can the design adopt highly repetitive characteristics? (Especially for curves  
and special 3-D features) 
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1.4 STRUCTURAL DESIGN ASPECT 
 

1.4.1 Structural System and Design 

 

Structural design has a direct impact on the ease of PC manufacturing and site erection works. The 
key consideration for structural system design solutions are: 
 
a) The architectural design basic layout arrangement and modular features should be in a gridline 

system, including the construction execution conditions. 
 
b) Simple structural system contributes to simpler design, work details and quicker construction 

with lesser components types and on-site connections. 

 

 

SUITABLE STRUCTURAL SYSTEM FOR VARIOUS BUILDING 
TYPES 

 

Commercial, institutional and industrial buildings 
(typical usage and loadings) 
 

Long span design 

High-rise residential building 
 

Shear or core walls and flat plates  

Medium/low -rise building A combination of shear or core walls and 
beam-column system with/without precast 
floor system 
 

 

1.4.2 Structural Model and Element Layout Design Considerations 

 

1.4.2.1 Structural analysis with the correct model assumption is important in establishing: 

a) PC components design 
b) Panelisation layout 
c) Site connection works details 
It may also dictate the construction sequence and methodology of structural frame erection. 
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1.4.2.2 The following are the considerations for a practical PC structural system and design: 

 
a) Clear identification of key stability vertical components. For example, shear or core walls 

to resist lateral forces, especially for medium / high-rise buildings. 
 

b) Correct modelling of connection boundary conditions for structural components. In some 
cases, modelling is also carried out with the intentional release of connection bending 
moment to facilitate simple connection design without moment transfer at selected non-
critical locations, and yet maintaining adequate overall system stability resistance.  

 

c) Reduce the requirement of moment connection at component joints as much as possible. 
This can also help in connection design to reduce constraints such as rebar congestion 
due to lapping requirement within the PC components or inside in-situ wet connection 
works.  It is important to note that hinge joint is generally not to be located at the building 
external frame due to the high probability of crack development which can contribute to 
water tightness problem. 

 
d) Suitable division of structural member into PC components and target for high 

standardisation in component types, section dimensions and profiles for ease of 
manufacturing and erection handling. 

 
e) Frame structure having simple floor structural system using long spanning one-way slab 

and main beam supported directly onto column with independent stability structural 
elements. 

 

1.4.3 Construction Considerations 

 

1.4.3.1 Structural PC component design may sometimes need to consider the temporary loads that 

act on the structure during site erection, lifting handling and transportation.  

 

1.4.3.2 The following are the PC design considerations for construction stage: 

 

a) Size and weight of PC components, and the corresponding available crane capacity at the 
site. This is to facilitate ease of delivery and erection lifting. 
 

b) Sequence of floor and superstructure erection, and its associated temporary stage 
stability.  
 

c) Forces acting at PC connection during erection before permanent connection. 
 

d) Design of self-supporting PC component to minimize or avoid temporary propping, 
shoring or bracing of tall vertical or long horizontal components at erection. 
 

e) Construction equipment weight on a partially erected structure. 
 

f) Other transient forces during erection, such as the operation of special heavy lift jack, 
tower crane tie-back or mobile crane movement on an incomplete structure.  
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TYPES OF STRUCTURAL SYSTEMS 
 
All semi or full PC structural systems need clear consideration for stability. It may take one of the 
following forms: 
a) Skeletal frames, i.e. Beam/Column/Slab (braced and unbraced) ς Refer to Figure 1.3 
b) Load-bearing walls, gable end and party walls with flat plate slab ς Refer to Figure 1.4 
c) External façade load bearing walls with precast or in-situ floor system ς Refer to Figure 1.5 
d) Cells or 3-D Box elements with column/beam frames ς Refer to Figure 1.6. The installation 

sequence is illustrated in Figure 1.7. 
e) A mixed system of the above  

 

 

 
 

Figure 1.3: Skeletal 
column-beam frame 
structure without 
stability provided by 
shear walls/core walls. 
This demands full 
moment connection 
design or cantilevered 
columns with fixed 
base/foundation 
Long spanning multi-
storey car parking 
structure 

 

 
Figure 1.4: Lateral stability 
provided by shear walls or 
core walls in lift and stair 
areas so as to minimise 
moment in columns for 
simple connection design 
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Figure 1.5: Precast external façade load 
bearing large panels with internal core-
wall and precast floor construction  

 

 

  
 

Figure 1.6: Cells or 3-D Box elements with column / beam frames  
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Figure 1.7: Proposed sequence of erection for PC components 
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CHECKLIST - GOOD PRACTICE FOR ENGINEERS TO 
ACHIEVE EFFICIENT PC SYSTEM DESIGN 
 

 
Can overall building stability be catered for with selected vertical components in 
fewer number? 

 

 
Can the number of floor components be minimised by employing longer spanning 
design to eliminate secondary beams?  

 

 
For simple connection design, can most minor column / wall components be 
designed with purely axial load without high bending moment transmission at the 
base? 

 

 
Can repetition in component types, profiles and sections be optimally achieved by 
high standardisation?  

 

 
Are the shape, size and weight of components sufficiently friendly for manufacturing, 
handling, transportation and erection?  

 

 
Can the components design enable unpropped / unbraced erection at site? 

 

 
Is connection design considered for easy fixing during PC manufacturing and fast 
assembly at site? 
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1.5 STRUCTURAL CONNECTIONS DESIGN ASPECT 
 

1.5.1 Approach in Connection Design  

 

Connection in PC construction must be designed to take the forces derived in the structural modelling. 

To achieve work efficiency, the design approach should consider the following aspects. 

 

Simplicity, standardisation in design and 
durability in service 

 Construction methodology of PC components 
during erection at site 

Sufficient standardisation in connection 
types, configuration and dimension details 

Ease of sub-component fixing during 
manufacturing 

Explore the use of suitable proprietary 
connection systems to simplify design 
process 

Fire resistance 

 Ease and speed of components assembly 

Good hand access for fixing work at the 
connection points 

Reduce and avoid wet connections 

 

1.5.2 Types of Connection Design  

 

1.5.2.1 Connections in PC construction shall perform the following two key functions:  

a) To ensure the final structural performance of the building  
b) To provide temporary support during component erection 
  

1.5.2.2 The following are the main types of components connection design. In general, the 

construction is via corbel / bracket seating, wet connection casting with starter rebar, grouted 

connector sleeve, plate welding and mechanical bolting (or proprietary system). 

 
a) Horizontal floor structural components 

i) Precast slab / Double-T / minor beam to main framing beam 
ii) Precast slab / stair flight / main beam to bearing wall/column 

 
b) Vertical structural components 

i) Base connection of wall or column  
ii) Column to column at splicing connection 

 
c) Cladding element connections in non-critical erection 

i) External façade to perimeter framing beam 
ii) Parapet or spandrel wall 

 
Special attention is required to ensure good accessibility at the connection points during 
erection. This is to enable quick securing of the PC components and ease of alignment. 
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1.5.3 Structural Connection Design Technical Considerations 

 
1.5.3.1 Performance-based design criteria of connection are to accomplish the prerequisite of 

strength, ductility, geometry tolerance, durability and fire-resistance. 

 
1.5.3.2 Connection type can be broadly classified by structural performance into the followings: 

a) Compressive connection 
b) Tensile connection 
c) Shear connection 
d) Coupling moment connection 

 
1.5.3.3 Basic understanding of the following is important for engineer to design and develop correct 

work details for the PC connection. 

a) Internal forces at the connection  
b) Structural response action in transmitting or distributing them beyond the connection 

area 
c) This is to ensure quality and final satisfactory performance of the in-service structure. 
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CHECKLIST ï DESIGN PRECAST CONNECTIONS 
 

 
SIMPLE CONNECTIONS 

 a) Can PC beam connection design be a simple shear connection without temporary 
seating? 

 
b) Can the connections enable quick vertical site installation with a simple vertical slot-

in or bearing / seating? 

 

 REPETITION 

 a) Can vertical and horizontal connections be standardised to just a few types? 
 

b) Is the position / layout of starter rebars or couplers standardised? 
 

c) Can the connection profile dimensions be standardised into limited types? 
 

d) Can the cost of mould be kept low without customisation in side form at connection 
areas? 

 

 FIXING DURING PRODUCTION 

 a) Are connectors and starter rebars friendly to install and easy to secure into the 
moulds without any cutting of slot openings or additional side forms to facilitate work 
automation? 

 

 REDUCE NUMBER OF PROTRUDING STARTER REBARS 

 a) Can the number of connecting rebars be standardised in layout configuration and be 
reduced with the use of larger size rebars to avoid congestion? 

 
b) Can a proprietary connection system be used without using protruding starter or 

lapping rebars? 
 
c) Can couplers or threaded inserts be used for site bolting or connecting starter rebars 

at connection? 
 
d) Can connection rebars which are laid on-site be minimised in PC components? 
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 PC CONNECTION WORKS ARE DIFFERENT FROM IN-SITU  

 a) Will the connection details allow for easy works execution on-site? 
 
b) Is it feasible to omit nominal redundant rebar continuity? 
 
c) Can a lesser number of rebar, but with larger size be used so as to avoid congestion and 

simplify installation work? 

 

 EFFECT OF CONNECTION DESIGN ON ERECTION 

 a) Can the proprietary connection systems be employed to enable quick site erection and 
to eliminate wet work? 
 

b) Can minimal falsework and self-supporting (or un-propped) erection be made possible 
by suitable usage of proprietary connection systems? 
 

 USE OF NON-CRITICAL EXTERNAL PC CLADDING ERECTION 

 a) Can external cladding façade be designed for non-critical installation after the 
completion of the main building frame to speed up construction? 

 
b) Can mechanical connectors be employed to facilitate fast fixing of cladding façade? 
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 ON-SITE CONNECTION WORKS 

 a) Depending on the size of gap and level of stress, has a suitable connection design been 
chosen for practical work? 
 

b) Are there too many starter rebars to be inserted into the PC connection sleeves 
simultaneously which resulted in slow erection? 
 

c) Can quicker bolting or threaded coupler be used instead of site welding? 
 

d) Can long starter rebars from PC components with lapping rebars laid on-site be 
replaced with couplers or to use grouted sleeves for connection? 
 

e) Are there too many starter bars or rebars which are laid on-site inside in the 
connections causing congestion especially with small connections dimension? 
 

f) Can connection grouting use highly flow-able pre-mix grout for quick filing under low 
gravity pressure head, to replace the high pressure grouting that requires strong 
formwork? (except for proprietary sleeve splice) 
 

g) Can final connection work details prevent ingress of water into joint and ensure long 
term durability? 

CONNECTION DESIGN USING 

 
CONNECTION DESIGN USING THE PROPRIETARY CONNECTOR 
SYSTEM 

 a) Has the joint design and detailing taken care of all the forces and in accordance to the 
analysis assumption? 
 

b) Are the buildability and required construction tolerances considered in the design? 
a)  
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SIMPLICITY  
Å Easy connection design in structural framing system. 

Å Adopt an efficient connection system, e.g. connector from the proprietary system 

 

REPETITION  
Å Connection design with few types and each involving standardised configurations and 

dimensions 

 

MINIMISE  
Å Reduce protruding starter rebars from PC components into connections  

Å Avoid in-situ wet casting connection 

 

SUMMARY OF DESIGN RECOMMENDATION FOR PC 

CONSTRUCTION STRUCTURAL CONNECTION 
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1.6 OTHER INNOVATIVE CONNECTION DESIGN AND 
CASE STUDY 

 

In recent years, builders are also embracing hybrid PC construction as an alternative structural system 
to achieve higher productivity. Examples include the adoption of Precast Column and Steel Structures 
(PCSS) at Yishun Community Hospital as well as the Lotus Root PC column connection system adopted 
in Skyline@Orchard (Residential Project) and CapitaGreen (Commercial Project). These methods use 
innovative modular component connections at the column and beam joints that simplify installation 
works on-site. 
 

  
 

 

 

 
Design Description: 
 
A hybrid PC column and steel structural system was adopted for typical floor construction for this 
ǇǊƻƧŜŎǘΦ Lƴ ǘƘƛǎ ƘȅōǊƛŘ ǎȅǎǘŜƳΣ t/ ŎƻƭǳƳƴǎ ŀǊŜ ƳŜǊƎŜŘ ǿƛǘƘ ǎǘŜŜƭ ōŜŀƳǎ ǘƻ ŦƻǊƳ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ 
structural frame, while the floor is constructed with concrete over steel decking.  
 
 

  
Figure 1.8: Installation of Steel Beam                          Figure 1.9: Installation of Bondek Floor 

 

CASE STUDY 1 ï PRECAST COLUMN AND STEEL 
STRUCTURES (PCSS) AT YISHUN COMMUNITY 

HOSPITAL 

 

 
(All images above courtesy of Kimly-Shimizu Joint Venture) 
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Figure 1.10: PCSS Column Detail                                 Figure 1.11: PCSS Head Detail 

 

 

By utilising such hybrid system, builders may potentially achieve as high as 25% productivity 
improvement when compared to conventional cast in-situ construction. The typical floor cycle 
schedule was reduced to just 9 days for each zone. The gross floor area for each floor was 
approximately 3624m2, and this was divided into four zones at about 906m2 per zone. 

 

Illustrations of the floor cycle work sequence: 
 

Day 1  
 
Setting out and PC columns 
installation 
 

 
 

Day 2  
 
Steel beam and staircase PC 
walls installation 

 
 

  

PCSS HEAD

PC COLUMN

CORRUGATED PIPE 
SLEEVES

SPLICE SLEEVES

PC COLUMN

STARTER BARS 

STEEL BEAM

PCSS HEAD

PC COLUMN

 

 
(All images above courtesy of Kimly-Shimizu Joint Venture) 
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Day 3  
 
Continue steel beam 
installation and 
commencement of metal 
decking floor installation 

 
 

Day 4 and 5  
 
Continue steel beam and 
metal decking floor 
installation 

 
 

Day 6  
 
Metal decking floor 
installation 

 
 

Day 7  
 
Metal decking floor 
installation and 
commencement of rebar 
installation 

 
 

  

 

 
(All images above courtesy of Kimly-Shimizu Joint Venture) 
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Day 8 
 
Continue rebar installation 

 
 

Day 9 
 
Inspection and concrete 
casting 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 
(All images above courtesy of Kimly-Shimizu Joint Venture) 
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Design Description 
 
The PC column and beam system was adopted for typical floor construction for this project. A PC 
column with protruding starter rebars at the top end was used to receive crosshead precast main 
beam with cast-ƛƴ ǎǇƭƛŎŜ ŎƻƴƴŜŎǘƻǊǎ ǘƻ ŦƻǊƳ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǎǘǊǳŎǘǳǊŀƭ ŦǊŀƳŜ. 
 
 

 

 

   
 Figure 1.12 (above): Lotus Root connection installation in progress.  

 

 

 

Figure 1.13 (left):  
Grouting of beam-column 
joint of Lotus Root 

 

 
 

CASE STUDY 2 ï LOTUS ROOT PRECAST COLUMN 
AND BEAM CONNECTION AT SKYLINE@ORCHARD 

BOULEVARD RESIDENTIAL PROJECT 

 

 
(All images above courtesy of Kajima Overseas Asia Pte Ltd.) 
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Lƴǎǘŀƭƭŀǘƛƻƴ ƻŦ tǊŜŎŀǎǘ /ƻƴŎǊŜǘŜ Ψ[ƻǘǳǎ wƻƻǘΩ System in a Project in Japan 
 

 

Figure 1.14 (left): A 
conventional precast 
joint with in-situ 
casting at column 
head 
 
Figure 1.15 (right): A 
Lotus Root precast 
joint without in -situ 
casting at column 
head 

 
   

  

  
Figure 1.16: Grouting of a column base with splice 
connector after completion of Lotus Root precast 
joint  

Figure 1.17: Site erection of a Lotus Root precast 
joint 

  

 
Figure 1.18: Site erection of a Lotus Root precast joint  

 

   

 
(All images above courtesy of Kajima Overseas Asia Pte Ltd.) 
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Kajima Overseas Asia Pte Ltd, in collaboration with Kajima Corporation (Japan), precaster, builder and 
Ŏƻƴǎǳƭǘŀƴǘǎ ŀŘƻǇǘŜŘ ǘƘŜ tǊŜŎŀǎǘ /ƻƴŎǊŜǘŜ Ψ[ƻǘǳǎ wƻƻǘΩ {ȅǎǘŜƳ ŦƻǊ ǘƘŜ {ƪȅƭƛƴŜϪhǊŎƘŀǊŘ .ƻǳƭŜǾŀǊŘ 
residential project. Floor cycle time was reduced from 12 days (if conventional PC construction was 
adopted) to 8 days. The general illustration of the activities during the 8-day floor cycle, are appended 
as below. The gross floor area for each floor was about 312 m2. 
 
Illustrations of the floor cycle work sequence: 
 

Day 1 
 
Site preparation ς survey set-out (after 
slab casting) 
 
Quality check and ensure the PC panels 
delivered to site are according to delivery 
order and approved shop drawings 

 
 

 
 

Day 2 
 
PC components (vertical) installation and 
grouting works 
 

 
 

  

 

 
(All images above courtesy of Kajima Overseas Asia Pte Ltd.) 
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Day 3 
 
Safety screen and loading platform jack-
up, slab table system form transfer 
 

 

 
 

Day 4 
 
Slab table system form setting out and 
formwork installation 
 

 

 
 

Day 5 
 
Perimeter PC beam installation, grouting 
works and slab formwork installation 
 

 

 
 

   
 

  
 

 
 

 
(All images above courtesy of Kajima Overseas Asia Pte Ltd.) 
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Day 6 and 7 
 
Slab reinforcement placing and fixing 

 

 
 

Day 8 
 
Slab concreting works 

 

 
 
 

  

 

 
(All images above courtesy of Kajima Overseas Asia Pte Ltd.) 
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Figure 1.19:  Erection of the Lotus Root system  

 

This system was adopted by Takenaka Corporation in the CapitaGreen commercial project for its mid-
to-high level structural system. By adopting the Lotus Root System, the project was able to achieve 6-
day floor cycle for each zone. The floor cycle is illustrated as below.  
 

 

Day 1 
 
PC beam installation 

  
 

Day 2 
 
Structural steel beam 
installation 

  
  

CASE STUDY 3 ï LOTUS ROOT PRECAST COLUMN 
AND BEAM CONNECTION AT CAPITAGREEN 
COMMERCIAL PROJECT 

 

 
(All images above courtesy of Takenaka Corporation) 
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Day 3, 4 
 
Structural steel deck / BRC 
installation 

 
 

Day 4 
 
Grouting of PC connection 
(beam and top of column) 

 
 

Day 5 
 
Grouting of PC connection 
(bottom of column) and PC 
column installation 

 
 

Day 6 
 
Slab casting 

 
 

 
 

 
 
 
 
 

 
(All images above courtesy of Takenaka Corporation) 
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CHAPTER 2  
DESIGN OF CONNECTIONS IN PRECAST 
CONCRETE SYSTEM 
 

2.1 GENERAL 
 

2.1.1 Design methods for joints in precast construction have been covered by various international 

technical journals and published academic research papers. Their recommendations are 

mostly derived from the following 

a) The load stress path distribution 
b) Structural mechanics  
c) Response behaviour of the connection systems 

 
2.1.2 For proprietary connection systems, the design theory used is often verified by product 

principal using dedicated laboratory tests or research programmes. This is carried out to 

assess the failure modes and safe structural capacity in the simulated application of the 

mechanical connector devices. 

 

2.1.3 This chapter aims to: 

 
 

 
 

 

 

 

 

 

 

 

¢ƘŜǎŜ ǇǊƛƴŎƛǇƭŜǎ ŀƴŘ ŘƛǎŎǳǎǎƛƻƴǎ ŀǊŜ ƳŜŀƴǘ ŦƻǊ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ŘŜǎƛƎƴŜǊǎΩ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ŀŘƻǇǘƛƻƴΦ  

 

  

1 Provide basic understanding on the general 

fundamental principles used in various precast 
connection designs.  

2 Include discussion on locally available and 

proprietary mechanical connection systems.  

 

 



CONNECTIONS FOR APCS / 41 

2.1.4 Some examples using proprietary mechanical connectors are illustrated as follows: 

 

A) CORBEL-CUM-BEAM END JOINT DETAILS USING 
CONCEALED MECHANICAL CONNECTORS 

 
Note: Designer shall include provisions to address any possible torsional rotational effect induced at 
joint caused by imbalanced or eccentric loads on the beams 
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B) COLUMN AND WALL CASE CONNECTIONS USING 
MECHANICAL STEEL CONNECTORS 
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C) PRECAST WALLS USING WIRE LOOP CONNECTOR 
 

 
 

 
 

 

D) STEEL HANGERS IN BEAMS 
 

    
 

  

Single-sided installation 
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E) RIGID BEAM-COLUMN CONNECTION 
 

   
 

 

 
 

 

2.1.5 Other design considerations in using mechanical connections 

  

As compared to the transfer of compression forces, the transfer of tension is inherently effective for 
bolted connection. In cases where column shoe connector is used as compression reinforcement, the 
bottom leveling nuts for erection and the top locking nuts with appropriate tightening will be required 
to ensure the effectiveness. 
 
Some connection design may need to consider torsional effect which often occurs during PC 
installation due to unbalanced erection loads. Mechanical connectors may be checked as a group 
similar to steel bolting design. Connector which acts singly will have limited torsional capacity and can 
ōŜ ŎǊƛǘƛŎŀƭ ŀǘ t/ ŜǊŜŎǘƛƻƴ ǎǘŀƎŜΦ !ǎ ǎǳŎƘΣ ǎǳǇǇƭƛŜǊΩǎ ŀŘǾƛŎŜ ǎƘƻǳƭŘ ŀƭǿŀȅǎ ōŜ ǎƻǳƎƘǘΦ 
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2.2 STRUCTURAL SYSTEM AND CONNECTION DESIGN 
CONCEPT 

 
2.2.1 Basic Considerations 

 

For PC buildings, structural designers are to ensure that global structural continuity is created by joints 
and connections between the assembled components. The connections which act as bridging links at 
the joint interface of the PC can affect the behaviour, structural integrity and robustness of the precast 
concrete buildings.  
 
PC joints are regions of high stress concentrations and are the weakest links in the structural system. 
The connections of these joints must be able to: 
a) Provide resistance to the design joint forces  
b) Remain ductile to withstand the joint deformations.  
 
The design of the connections must also be:  
a) Simple in fabrication 
b) Easy for erection  
c) Able to carry out final jointing on site  

 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
The material used for the connections must be: 
a) Stable and durable for the structure design life 
b) Chemically and physically compatible with the environment 
c) Able to offer good protection against adverse chemical and physical influences and of similar 

fire resistance 

 

  

SIMPLE 
CONNECTION 
DESIGN Concept 

EASIER WORK 
EXECUTION  and 
better in 
performance 
Quality 
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2.2.2 Load Paths Descriptions 

 

What are load paths? Continuous internal force direction in which each consecutive load 
passes through the interconnected PC members 
Start from the highest point of the structure and all the way to the 
foundation system 
The magnitude, direction and nature of loads (axial, bending, torsion) 
and sequence that the loads are being transferred from one member to 
another are also affected by the hierarchical nature of the structural 
members 
 

What should the 
designers check? 

Vertical and horizontal loads separately  
Superimposed the solutions in the development of the structural 
system 
 

What transfers the 
vertical loads? 

Floor slab is designed to support the imposed gravity loads (self-weight, 
finishes, partitions, services, imposed live loads) 
The load travels from the floor slab to the immediate beam that 
supports it 
The beam transmits the slab loads to its end which may connect to the 
main beam 
The main beam transmits the accumulated loads from the floor slab and 
beams to a connecting column/wall. 
The load then travels down to column/wall to the foundation that 
ultimately distributed into the ground.  
 

What about transfer of 
horizontal loads? 

It may not be so obvious as the load path/load transfer for vertical loads 
Wind, notional and earthquake loads act in a horizontal direction and 
are transferred through the floor diaphragms. It is an essential part of 
the stabilising system. 
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Figure 2.1 below illustrates the transfer of vertical and horizontal loads in a structure. 
 

                          
Figure 2.1: Load Paths and Transfer of Horizontal and Vertical Loads 

 

PC floors or roofs have considerable in plane stiffness once the PC members are connected. They are 
normally considered as being rigid diaphragm in design as shown in the Figure 2.2. The transfer of 
horizontal loads through the floor sub systems is shown in Figure 2.3. 

 

 
Figure 2.2: Floor Diaphragm Action for Transfer of Horizontal Loads    
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Figure 2.3: Transfer of Horizontal Loads in Floor Sub Systems 

 

The stabilising elements of precast buildings may comprise of the followings (Figure 2.4 to 2.6): 
a) Rigid moment frame of columns and beams (unbraced frames) 
b) Cantilever columns or walls 
c) Shear walls 
d) Lift and/or staircase cores 
e) Cross bracings of strategic column and beam frames 
f) Or a combination of the above 
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Figure 2.4:  Unbraced Frames 

 

 

   
     Figure 2.5: Braced Frame   Figure 2.6: Shear Wall 
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2.2.3 Accidental Loads 

 

A poorly designed and detailed PC building is susceptible to structural instability and possibly major 
collapse when subjected to accidental loads.  

 

What are accidental 
loads? 

These are loads which are not considered in the design. For example, 
explosion, collision impacts by vehicles or failing objects, local 
overloading, intense localised fire, errors in design or construction, 
unexpected localised foundation settlements and slight earth tremor. 
 

Why is it important to 
know? 

This is to ensure that the entire structure will not be jeopardised by the 
chain reaction progressive failure as a result of localised damage to a 
small portion of the structure. 
 

How to prevent 
progressive collapse? 

a) Design and remove every conceivable hazard expected to 
happen during the service life of the structure.  

b) It is not realistic to expect structural designers to have 
foreknowledge and to design the structure against the 
accidental loadings arising from these hazards. 

c) It should be guarded by strengthening or erecting barriers to 
protect vulnerable columns and walls against high probability of 
vehicular impact. 

 

What is the common 
method to enhance the 
structural stability and 
robustness? 

By providing reinforcement as structural ties. 
The structural ties are placed in the building structure in the following 
manners: 

a) Vertical direction from foundation to roof 
b) Horizontally across and around each floor 
c) All external and perimeter load bearing columns and walls are 

required to be anchored into the floors and beams. 
These are shown in Figure 2.7. 
 
Reinforcement provided in the columns, walls, beams and floors can 
form part of or whole of these ties as the ties are intended as a 
minimum and not as additional reinforcement to that required by 
design and analysis. 
 
If a building is divided by expansion joints into separate independent 
sections, each section is to have an independent typing system. 
 

What is the reference 
for design approaches 
and provisions of 
structural ties to 
prevent progressive 
collapse for buildings 
which are not designed 
to withstand accidental 
loads? 
 

SS EN 1992-1-2: 2008 clause 9.10. 
Singapore Annex NA to SS EN 1922-1-1:2008 (to be referred as EC2 and 
Singapore NA subsequently). 
 
Clause NA.4.2 in Singapore NA states that the provisions of EC2 are not 
sufficient in some respects. Structural designers should further refer to 
the details and design approaches stated in the non-contradictory 
complementary information in PD6687. 
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Figure 2.7: Structural Ties 
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2.2.4 Design of Ties 

 

The ties designed for the prevention of progressive collapse should be provided and detailed in PC 
structure. It is either wholly within the in-situ concrete topping or at connections of PC members. Also, 
mechanical connectors should be used in narrow PC joints where normal lapping of reinforcement is 
not feasible.    
 
From EC2 and the decisions in Singapore NA, the designs of horizontal and vertical ties are as follows: 

 

 
 

1. Horizontal Ties 
The basic tie force, Ft, on each floor or roof should be the lesser of: 
 
 Ft = 60 kN or (20 + 4 x number of storeys) in kN 
 
Horizontal ties should be provided at every floor regardless the height of a building in the form of 
(a) peripheral (b) internal and (c) column and wall ties. The resistance of the ties is stressed to the 
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ǎǘǊŜƴƎǘƘ ƛΦŜΦ ƳŀǘŜǊƛŀƭ ǇŀǊǘƛŀƭ ǎŀŦŜǘȅ ŦŀŎǘƻǊ ʴs=1 for reinforcement. 
 
-------------------------------------------------------------------------------------------------- 
a) Peripheral Ties 
Design tie force = Ft. Peripheral ties should be located within 1.2m from the edge of a building or 
within the perimeter walls and beams. Structures with internal edges such as atrium, courtyard, 
L- or U-shaped floor layout should have the peripheral ties detailed as shown in Fig 2.8. Ties should 
be anchored straight inwards on both sides at the re-entrant corner of the perimeter. 
 

 
Figure 2.8: Peripheral Ties  
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b) Internal Ties 
Internal ties force should be the greater of (in kN/m)  
 
Ft   or   [(gk + qk)/7.5] (lr/5) (Ft)  
 
Where,  
Ft    is the basic tie force 
(gk + qk)  is the sum of the average permanent and variable floor loads  
(in kN/m2)  
lr   is the greater distance between centres of vertical load bearing   
 elements in the direction of the ties being considered 
  
The ties are to be placed in orthogonal directions and may be spaced evenly across the floor or 
grouped within beams or walls as convenient with a maximum spacing of 1.5lr .  
 
-------------------------------------------------------------------------------------------------- 
c) Column and Wall Ties 
Edge or perimeter column and wall should be tied horizontally to the floor structure at each floor 
and roof. The horizontal tie force for the column and wall (Ftie,col and Ftie,fac respectively) should be 
the greater of: 
 
2Ft  Җ  όLs/2.5)Ft  or  
3% of the total design ultimate vertical load carried by the column or wall at that level 
 
Where, 
column tie force Ftie,col  in kN  
wall tie force Ftie,fac   in kN/m  
Is the floor to ceiling height  in metre 
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2. Vertical Ties 
Each load bearing column and wall should be tied continuously from foundation to roof for 
buildings of 5 storeys or more.  The design vertical tie force, considered as tension force, is equal 
to the maximum design ultimate load carried by the column or wall from any one storey or the 
roof. The ultimate vertical load is computed from expression 6.11b under clause 6.4.3.3 of SS EN 
1990:2002 Eurocode - Basis of structural design. The variable live load should be the realistic or 
quasi-permanent loading with appropriate ʌ2 factor for the building. 
 
The purpose of the vertical ties in wall and column is to: 

¶ Contribute and form part of a bridging system to span over damaged floor area 

¶ Limit the collapse of a floor in case of accidental loss of the column or wall below 
 
When effective vertical tie requirements are not complied or the horizontal ties on every floor and 
ǊƻƻŦ Řƻ ƴƻǘ ƘŀǾŜ ǎǳŦŦƛŎƛŜƴǘ ŀƴŎƘƻǊŀƎŜ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ǎǇŀƴΣ ŀ άŘŀƳŀƎŜŘέ ǎǘǊǳŎǘǳǊŜ ŀƴŀƭȅǎƛǎ 
may need to be carried out.   
 
Such an analysis includes: 
 
a) Key Elements 
άbƻƴ-ǊŜƳƻǾŀōƭŜέ ŜƭŜƳŜƴǘǎ ς the failure of which would cause the collapse of more than a limited 
portion of the structure close to the failed element. 
 
All other structural components and their connections that are vital to the stability of the key 
elements are also considered as key elements. 
 
To ensure non-removability of the elements, the element and its connections are designed to be 
able to withstand an ultimate design load or pressure of 34 kN/m2 applied from any direction to 
the projected area of the member. 
 
Key elements should be avoided as much as possible by revising the building layout within the 
architectural constraints. 
 
-------------------------------------------------------------------------------------------------- 
b) Alternative Load Paths 
In this analysis, the vertical load bearing element other than key elements is removed one at a 
time at each floor.  
 
The loads carried by the failed vertical element are transferred via catenary action in alternative 
load paths to other load bearing members.  
The loads carried by the failed vertical element should be computed as described previously. 
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Continuity of Ties 
 
Continuity of tie reinforcement can be achieved by the following:  
a) Lapping in PC components using enclosing links may be adopted as shown in Fig 2.9. 
b) Welding 
c) Mechanical devices such as couplers and anchors 

 

 
Figure 2.9: Tie Continuity by Lapping and Enclosing Links 
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Anchorage of Ties 
 
Internal floor ties are to be anchored to the peripheral ties as shown in Fig 2.10. 

 

 
Figure 2.10: Anchorage of Ties at Peripheral Ties 

 

Figure 2.11 illustrates the floor tie backs of corner column in both directions. The tie backs can be part 
of the main reinforcement in the perimeter beams that have been framed into the column.  
 
Because of compatibility between B and D regions, primary designs of the member must be performed 
first before using STM in the design of the D regions.  

 

 
Figure 2.11: Tie Backs for Edge Columns 

 

Continuity and anchorage of tie reinforcement in in-situ construction seldom poses any serious 
problems. Likewise, PC construction presents a more serious problem as continuity of the ties is to be 
maintained across the joint connection especially in simple and easily constructed joint.  In usual 
circumstances, ties should not be lapped in narrow joints between PC components and mechanical 
anchorage should be used in these cases.  

 

  



CONNECTIONS FOR APCS / 58 

 
 
The performance and behaviour of PC connections depend on the interaction of several components 
at the joint. The various joint components as illustrated in the Figure 2.12 consist of: 
a) Joint opening or gap between adjacent precast members 
b) Joint filler 
c) Connecting element across the joint opening and 
d) Connection zones 

 

 
Figure 2.12: Components of Structural Connection 

  

JOINT AND CONNECTION  
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What is the size of joint 
opening? 

Size of joint opening is determined by the following: 
a) Type of connection. 
b) Tolerance studies of PC components manufacturing, erection, 

method and working accessibility of connection. 
c) Aesthetic, fire and water tightness.  

 

What fills up the joint 
opening? 

a) Grout, mortar and concrete. 
b) άWƻƛƴǘ ŦƛƭƭŜǊέ ς various type of soft and hard bearing pads. 
c) Non-ǎǘǊǳŎǘǳǊŀƭ άƧƻƛƴǘ ŦƛƭƭŜǊέ ς silicone, polyurethane, rubber 

strips, foams, rock wools, resins or mastic. 

 

What is the difference 
between joint and 
connection? 

a) Joint is subjected to high concentration of forces when loaded.  
b) Connection is an integral part of the structural behaviour of 

connected members. It is an essential part in the connection 
design so that the forces originated at the joint can be safely 
transferred in the connection zones to the principle structural 
members. 

 

What are connection 
zones? 

a) Connection zones are joint surfaces which are influenced by the 
type of joint filling works and the force transfer ability across the 
joint. 

 

What are the 
connecting elements 
that transfer the forces 
across the joint? 

a) Tie bars, anchors, coupling devices, bolts or welded steel plates. 
b) These are anchored in the connection zones found at the end 

regions where the PC components meet. 
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2.3 STRUT AND TIE MODELLING AT CONNECTION 
 

2.3.1 B and D Regions 

 

The RC member can be classified into two distinct regions, which are namely the B and D regions as 
shown in Figure 2.13. 

 
Figure 2.13:  B and D Regions in Structural Member 

 

B-regions a) tŀǊǘǎ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ǿƘŜǊŜ ǘƘŜ .ŜǊƴƻƛƭƭƛ ƘȅǇƻǘƘŜǎƛǎ άtƭŀƴŜ ǎŜŎǘƛƻƴ ǊŜƳŀƛƴǎ 
ǇƭŀƴŜ ŀŦǘŜǊ ōŜƴŘƛƴƎΧέ ŀǇǇƭƛŜǎΦ  

b) Such a hypothesis allows for the flexural design of RC member, including 
ultimate flexural capacity, in the B-region to be based on linear strain variation 
over the depth of the member.   

 

D-regions Regions outside the B-ǊŜƎƛƻƴǎ ǿƘŜǊŜ ǘƘŜ ǳƴƛŦƻǊƳ ǎǘǊŜǎǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ άŘƛǎǘǳǊōŜŘέ 
ƻǊ άŘƛǎŎƻƴǘƛƴǳŜŘέ ŘǳŜ ǘƻΥ 
a) Presence of concentrated forces (loads and reactions)  
b) An abrupt change in the member geometry such as cross-section, presence of 

openings, bends, corners or other discontinuities.  
 

 

.ŀǎŜŘ ƻƴ {ǘΦ ±ŜǊƴŀƴǘΩǎ tǊƛƴŎƛǇƭŜ ǿƘŜǊŜ ά¢ƘŜ ƭƻŎŀƭƛǎŜŘ ŜŦŦŜŎǘǎ ŎŀǳǎŜŘ ōȅ ŀƴȅ ƭƻŀŘ ŀŎǘƛƴƎ ƻƴ ǘƘŜ ōƻŘȅ 
will dissipate or smooth out within regions that are sufficiently ŀǿŀȅ ŦǊƻƳ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ƭƻŀŘΧέΣ 
the transition of a plane section stress field in the B regions to a local stress field in the D regions could 
occur in a span of about 1.0 times the depth of the member on either side of the point of concentrated 
force or member geometry changes as illustrated in Figure 2.14.  
 
Figure 2.14 also shows the imposed loads and boundary forces which must be in equilibrium in the 
Strut and Tie Modelling (STM modelling).  
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Figure 2.14: Boundary and Boundary Forces in D region 

 

Designs of D-regions, which may be inaccurate, are conventionally based on: 
a) Rules of thumb 
b) Designer experience  
c) Empirical code provisions or guidelines  

 

The Strut and Tie Modelling (STM) would be the appropriate design for D region.  
 
STM is a unified approach that considers all load effects of moment, shear, compression and tension 
simultaneously. It is one of the most useful methods in the design of: 
a) Deep beams 
b) Beam-column joints 
c) Supporting brackets 
d) Corbels 
e) Beam half-joints 
f) Anchorage zones of post tensioned members and pile caps 
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2.3.2 The STM Model 

 

STM is a conceptual framework, as shown in Figure 2.15.  

 

The stress distribution in the D region at the ultimate limit state are idealised as an analogous truss 
system and comprises the following: 
a) Uniaxial compression struts, and  
b) Tension tie elements with transfer of the forces between struts and ties at intersecting zones 

or nodes 

 

In a real physical truss, the truss mechanism in STM model must be stable and in balance with external 
applied loads. The imposed load is then carried through the region to the supports.  

 

 
Figure 2.15: Description of Strut and Tie Model 

 

The components of STM model consists of (a) Ties, (b) Struts and (c) Nodes. 

 

a) Ties ¶ Tension elements which include links, longitudinal reinforcements, pre-stressing 
steel or both, plus a portion of the surrounding concrete concentric with the axis 
of the tie.  

¶ The surrounding concrete is not considered in resisting axial tension forces even 
though it reduces the tie elongation by tension stiffening effect, especially under 
service load. 
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b) Struts ¶ Compression chords which represent the resultants of the concrete compression 
fields.  

¶ These serve as the compression chord of a truss mechanism to resist moment and 
as diagonal struts to transfer shear to the supports.  

¶ Orientated parallel to the direction of initial cracking of the concrete.  

¶ May be reinforced by reinforcing steel to increase their compression capacity. 

 
Figure 2.16: Basic Type of Struts in a 2-D Member: (a) Prismatic, (b) Bottle-shaped, (c) Fan-
shaped 

 

¶ ά.ƻǘǘƭŜ-ǎƘŀǇŜŘέ {ǘǊǳǘ 
 
The typical shape formed when large surrounding concrete allows the struts to 
spread laterally at mid length. It may be idealised as an equivalent truss for a better 
appreciation of the flow of forces.  
 
The spreading and expansion of this strut produces tension stresses which may 
require transverse reinforcement as shown in the more elaborated strut model in 
EC2 as shown in Figure 2.17.  
 
For practical design purposes, the strut is often assumed to be prismatic with 
constant width along the length. 
 

 
Figure 2.17: Bottled-shaped Strut Model in EC2   
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¶ άCŀƴ-ǎƘŀǇŜŘέ {ǘǊǳǘ 

 

It is likely to occur in deep beam where an array of struts with varying inclination 
meet at or radiate from a single node. The flow of forces in this type of strut may 

be reduced to a simple truss system, as shown in the Figure 2.18. 

 
Figure 2.18: Fan-shaped Strut Model   

 

c) Nodes ¶ As analogous to joints in a truss, are localised zones where the axes of the struts, 
ties and concentrated forces intersect as well as forces are transferred between 
struts and ties.  

¶ Nodes essentially define the zones in which the forces in the struts and ties are to 
be anchored. 

¶ They can be classified by the type of forces being connected as shown in Figure 

2.19 where C and T are the compression and tensile forces respectively.  

 
Fig. 2.19: Basic Node Types 
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2.3.3 Design Strengths 

 

A. Design of Ties 

 

The ultimate tie capacity is given as:  
 

 
¢  Җ  !s fyd               fyd = fykκsɹ 

 
where   As      is the area of reinforcement   
  fyk    the ultimate strength of reinforcement and 
  sɹ    material safety factor for reinforcement (= 1.15) 
 

 

For the tie force to be effective, the reinforcement must be adequately anchored in the node by 
providing sufficient development length from the point beyond the extended nodal zone. 

 

B. Design of Struts 

 

The ultimate compression capacity of a concrete strut should be as follow: 
 

 
Fc Җ !c ̀ Rd,max 

 
ǿƘŜǊŜ             ˋRd,max  is the design strength of the concrete strut. 
 

 

R̀d,max  is given in EC2 for the following two conditions: 
 

i. Under Transverse Compressive Stress/No Transverse Stress:  

   ŰRd,max = f c  

 

 

ii. Transverse Tension/Cracked Compression Zone: 

R̀d,max Ґ лΦс ˄Ω Ŧcd 
 
where   ˄Ω = 1 ς fck/250 
 fcd Ґ ʰcc fck κcɹ 

 Ґ лΦрст όʰccҐмΦлΣ ʴc=1.5) 
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C. Design of Nodal Zones 

The ultimate compressive strength of a nodal zone can be taken as: 
 

i) CCC node 

 
 
 

R̀d,max   =  k1 ˄ Ω Ŧcd 

 =  0.567(1 ς fck/250) fck   
 

where k1 = 1.0,  
 ˄Ω Ґ м ς fck/250  
 fcd = 0.567fck 

ii) CCT node 

 
 

R̀d,max = k2 ˄ Ω Ŧcd 

 = 0.482 (1 ς fck/250) fck   
 
where k2 = 0.85,  
 ˄ΩҐмς fck/250,  
 fcd = 0.567fck 
 

iii) CTT node 

 

R̀dmax = k3 ˄ Ω Ŧcd 
 = 0.425 (1 ς fck/250) fck   

 
where k3 = 0.75,  
     ˄Ω Ґ м ς fck/250  
 fcd = 0.567fck 

 
9/н ŀƭƭƻǿǎ ˋRd,max to be increased 
by up to 10% for confined nodes or 
where all the angles between 
ǎǘǊǳǘǎ ŀƴŘ ǘƛŜǎ ŀǊŜ җ рр ŘŜƎǊŜŜǎ 
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2.3.4 Design Procedure 

 
The primary designs will determine the following: 
a) Boundary forces of the D region 
b) Selection and maintaining continuity of the primary reinforcing steel from the B region into 

and anchored within the D region 

 

 

 
 

 

 
  

 

 

The following guidelines may be adopted when choosing a suitable internal supporting truss 
model. 

 

a) The supporting truss model should be determinated. 
b) Boundary forces and section equivalent forces are applied at the nodes of the truss. The 

supporting truss must be in equilibrium with these forces as shown in Fig. 2.20. 
c) Tension in concrete is neglected. 
d) Strut and tie forces are uni-axial. 
e) Struts are orientated parallel to the expected axis of cracking. They must not overlap other 

struts. 
f) Ties may cross struts or other ties. 

 

¢ƘŜ ŀƴƎƭŜ ōŜǘǿŜŜƴ ŀ ǎǘǊǳǘ ŀƴŘ ŀ ǘƛŜ ǘƘŀǘΩǎ ƧƻƛƴŜŘ ŀǘ ŀ ƴƻŘŜ ǎƘƻǳƭŘ ƴƻǘ ōŜ ƭŜǎǎ ǘƘŀƴ нн ŘŜƎǊŜŜǎ όŎƻǘ 
ʻ Җ нΦрύΦ 

 

 
Figure 2.20: Equilibrium in Boundary Forces and Section Equivalent Force in Internal Supporting Truss 
System 

 

Step 1 - Define the D region concrete dimensions and calculate the ultimate 
design boundary forces from imposed loads  

 

Step 2 - Choose the basic internal supporting truss model and sketch to fit within 
the concrete dimension 
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The initial truss geometry may be set by geometric parameters such as bearing plate dimensions, 
centroids of struts and tie reinforcing steel layers that continue from the B into D regions.  
 
It is for this reason that the analysis and design of the B region must precede the STM design of 
the D region as mentioned earlier.  
 
Only after the initial truss system is established, the forces in the struts, ties and nodes can then 
be calculated. 
 
Steps to be taken after calculating the strut and tie forces are as follow. 

 

a) Determine the required area of tie reinforcing steel, select suitable bar sizes, bar spacing 
and layer of steel (in high steel content tie) in each of the ties. Establish the tie layout, 
dimensions and the resultant tie centroids. 
 

b) Determine the geometry i.e. width and depth of the struts and nodes so that the strut 
forces can be converted into compressive stresses. This should be followed by checking 
against the limiting stresses imposed from the code.  

 
It should be noted that for CCT and CTT nodes, the length of the node needs to include the 
full development anchorage development length of the ties.  

 
In cases where it is not possible, mechanical anchorage as alternative to straight or hooked 
bar should always be considered. 

 
c) Fit the ties, nodes and struts geometry into the concrete dimensions with the resultant 

strut and tie centroids that coincide with the initial assumed in the basic truss geometry. 

 

If the ties nodes and struts cannot fit into the concrete member dimensions, the truss model must 
be redrawn to allow the ties, struts and nodes to fit and the forces in the model re-calculated.  
 
Steps (a) to (c) above are repeated until all the truss components meet the allowable stress limits 
and fit within the concrete dimensions.  

 

Step 3 ς Establish the truss geometry 
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2.4 CONNECTION DESIGN EXAMPLES 
 

The designs of structural connections for easy manufacturing and site assembly are illustrated in 
subsequent sections.  
 
The jointing methods shown in the examples are selected from the usual practice in the industry. The 
main purpose is to demonstrate the principles and considerations that are involved in the design of a 
structural connection between various types of PC components. 
   
Alternative designs by specialist with proprietary products are presented at the end of individual 
design examples. This is a comparison with the current industry practice. The specialist design 
alternatives are illustrated in a summary format, and the designer may approach the specialist for 
detail calculations, if necessary. 

 

It should be noted that: 

 

a) The use of links or looped reinforcement in vertical joints between PC walls is not considered 
friendly to the manufacturing and site assembly. But it is included as a comparison to the 
alternative recessed wire loops method. 

 
b) There are equivalent connector products, available locally, to those shown in the specialist 

design alternatives. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

The inclusion of a particular product as example does not imply any favours or 
the superiority of them, but purely comparative illustration 
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DESIGN EXAMPLE 1  

Beam Half Joint  Design Principles  

 

Design the beam half joint shown in the figure below for: 

¶ Ultimate vertical reaction N = 500 kN 

¶ Horizontal force of H = 100 kN 

¶ Design concrete class C40/50  

¶ fyk = 500 N/mm2 for reinforcement bars 

¶ Concrete cover = 35mm to links 
 

 
 

Check the Bearing Stress 

 

bƻŘŜ ǘȅǇŜ ŦƻǊ ǘƘŜ ōŜŀǊƛƴƎ ƛǎ //¢Φ aŀȄƛƳǳƳ ŎƻƳǇǊŜǎǎƛǾŜ ōŜŀǊƛƴƎ ǎǘǊŜǎǎ ˋ Rd,max = k2 ˄Ω Ŧcd   where 
k2ҐлΦурΣ ǾΩҐм-fck /250, fcd = 0.567fck 

 

 

Ű Rd,max   =  0.85 x (1 ð 40/250) x 0.567 x 40   

  =  16.19 N/mm2 

 

Design bearing stress =  500 x 103/(100 x 350) 

  =  14.28 N/mm 2   <  16.19 N/mm 2 (OK) 
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Strut and Tie Model 

 

       
 

The tension ties, compressive struts and the nodes of an analogous strut and tie truss for the beam 
half joint are shown in the figure above.  
 
The D-region is assumed to be one-member depth plus the overlapping D region of the half joint i.e. 
150 + 700 = 850 mm as shown.  
 
¢ƘŜ ƻŦŦǎŜǘ ŦǊƻƳ ǘƘŜ ǊŜǎǳƭǘŀƴǘ ǊŜŀŎǘƛƻƴ ŀǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ǘƛŜ ʵ ƛǎΥ 
 

 

Ů = 50 x 100/500 

    = 10 mm 

 

 

The forces at the right end at section X are moment, axial tension force and shear force. 

 

 

Shear force N =  500 kN 

Moment M  =  500 x 0.8 + 100 x 0.05 = 405 kNm 

Axial tension H = 100 kN 
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The tension and compression forces in the truss at section X are: 
 

 C1 =  N/(sin45) 

=  707.1  kN 

 

About point K  C2 =  [ 405 ð C1 (cos45) x 0.1 - 100 x 0.575/2 ]/0.575 

=  567.4 kN 

 

 T =  C1 (cos45) + C2 + H 

= 500 + 567.4 + 100 

= 1167.4 kN 

 

Angles of inclination 

 

ŭ =  tan -1 [290/(Ů + 100 + 200)] 

=  43.090 

 

 Ȃ =  tan -1 ( 575/400 ) 

=  55.180 

 

 Ȇ =  tan -1 ( 290/198.2 ) 

=  55.640 

 

 

 

Strut Forces (+ tension, - compression) 
 

Member AB BD BE DE EG CD FH 

Force(kN) -731.9 -556.6 -220.0 -609.1 -567.4 -1168.8 -707.1 

 
Tie Forces 
 

Member AD BC CF EF FK 

Force(kN) 634.5 959.5 667.4 500.0 1167.4 

 

 

Design of Ties   
 
Required steel bar As = Tie force/(0.87 x fyk) 

Member AD BC CF EF FK 

Force(kN) 634.5 959.5 667.4 500.0 1167.4 

As (mm2) 1459 2206 1534 1149 2684 

Provide 3H25 6H16 4 H25 3H16 6H25 

Remarks Welded 
to angle 

Close links @ 
60 c/c 

Welded to 130 
x 25 thick plate 

Close links 
@100 c/c 

To be checked 
against mid span 
required steel area 
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Design of Struts 
 
The maximum design stress in the struts without transverse tension is as follows: 
 

 
ˋ Rd,max =  fcd 

 =  0.567fck  όchc Ґ лΦурΣ    ʴc = 1.5 ) 
 =  22.68 N/mm2 

 

      

Upon inspection, nodes A, B, D and E are CCT and while nodes C and F are CTT. The maximum design 
stress at the nodal zone edges is as follows: 
 

 
CCT (nodes A, B, D, E)  ˋ Rd,max  =  0.85 x (1-fck/250) x fcd  
     =  16.19  N/mm2 

 
CTT (nodes C, F)                ̀  Rd,max  =  0.75 x (1-fck/250) x fcd 
     =  14.29  N/mm2 

 

 

[ŜǘΩǎ assume conservatively that the maximum design stress in the struts is as follows: 
 

 
Struts AB, BD, BE, DE, EG ˋ Rd,max =  16.19  N/mm2 

 
Struts CD, FH   ˋ Rd,max =  14.29  N/mm2 

 

 

Strut Section 
 
Strut width   =   400 mm 
Strut thickness (mm) 

 

Member AB BD BE DE EG CD FH 

Force  -731.9 -556.6 -220.0 -609.1 -567.4 -1168.8 -707.1 

Ű Rd,max   16.19 14.29 

Strut 

thickness  

113.0 85.9 34.0 94.1 87.6 204.5 123.7 
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Check Nodal Zones 
 
The required minimum thickness of the nodal zone edge for nodes A to F is similar to the respective 
strut thickness above.  
 
Upon inspection, the critical nodal zones are nodes A, B and F.  
 
Referring to the figures below, the available nodal zone edge thickness is: 

 

     
 

 
 

 

Strut AB   node A                a  =  Ѝς x 100 
     =  141 mm      > 113.0 mm  (OK) 
 
  node B  a1 =  316 (sin43.090) 
     =  215.8 mm  > 113.0 mm  (OK) 
 
Strut FH node F  a =  216 (sin450) 
     =  152.7 mm  > 123.7 mm   (OK) 
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Final Reinforcement Details 

 

All reinforcement must be fully anchored beyond the nodes.  

 

To improve crack control and ductility, you will need to provide a minimum reinforcement of 0.5As, 
which is uniformly distributed at the half joint parallel to the bottom tie reinforcement. 

 

 
Minimum As =  0.5 x 1459 
  =  730 mm2    (Use 3 x H13 loops at 75 c/c) 
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DESIGN EXAMPLE 1  

Beam Half Joint  
Specialist Design 

Alternative  

 

Beam Half Joint Ą Selecting PC Beam Shoe (to be used with PCs Corbel) 
 
The load transfer mechanism of PC Beam Shoe under vertical and horizontal loading is shown in the 
figure below.  

 

 
 

PC Beam Shoes are pre-designed so that all components of the system have sufficient resistance 
against actions caused by external loads.  
 
These design values of resistances are shown in the table below. 

 

 
Design: 
Vertical shear force in connection:   VEd = 500 kN 
Horizontal tensile force in connection:  HEd = 100 kN 
 
Select beam shoe connector: 
Beam shoe     PC 5-H 
Shear resistance    VRd = 520 kN 
Tensile resistance    HRd = 104 kN 
 
VEd < VRd  Ą 500 kN < 520 kN 
HEd < HRd  Ą 100 kN < 104 kN 
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The following subjects must be verified from the technical manual of PC Beam Shoe: 
 
a) Minimum required cross section of the beam 
b) Positioning of the beam shoe in the beam 
c) Required supplementary reinforcement 
d) Other relevant instructions  
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DESIGN EXAMPLE 2 

RC Corbel  Design Principles  

 

Design a reinforced concrete corbel, as shown, to support: 

¶ Vertical load N = 500 kN  

¶ Ultimate horizontal force N = 100 kN 

¶ The corbel is framed flushed with 450x450 RC column 

¶ Design concrete class C40/50  

¶ fyk = 500 N/mm2 for reinforcement bars 

¶ Concrete cover = 35mm to links 
 

 
 

Check Bearing Stress 
 
bƻŘŜ ǘȅǇŜ ŦƻǊ ǘƘŜ ōŜŀǊƛƴƎ ƛǎ //¢Φ ¢ƘŜ ƳŀȄƛƳǳƳ ŎƻƳǇǊŜǎǎƛǾŜ ōŜŀǊƛƴƎ ǎǘǊŜǎǎ ˋ Rd,max = k2 ˄ Ω ŦŎŘ   ǿƘŜǊŜ 
k2ҐлΦурΣ ǾΩҐм-fck/250, fcd = 0.567fck 

 

 
ˋ Rd,max  =  0.85 x (1 ς 40/250) x 0.567 x 40   
 =  16.19 N/mm2 

 
Design bearing stress  = 500 x 103/(100 x 350) 
    = 14.28 N/mm2   <  16.19 N/mm2      (OK) 
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Strut and Tie Model 

 

 
 

The tension ties, compressive struts and the nodes of an analogous strut and tie truss for the corbel 
are shown in the figure above.  
 
Tension ties are shown as solid lines and compression strut forces as dashed lines. The forces are 
assumed acting at the centre line of the ties and struts.  

 

The offset from the resultant reaction at the level of the tie Ů is as follows: 

 

Ů = 50 x 100/500 

    = 10 mm 

 

The external forces at section X are determined as follows: 
 

Moment about node C 
C x (385-a) = 500 x (385 + 125 + 10) + 100 x (400 ς 50) 
  = 295 x 103 
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!ǘ ƴƻŘŜ 5Σ ŀ //¢ ƴƻŘŜ ǘȅǇŜΣ ǘƘŜ ƳŀȄƛƳǳƳ ŎƻƳǇǊŜǎǎƛǾŜ ōŜŀǊƛƴƎ ǎǘǊŜǎǎ ˋRd,max is as follows: 
 

R̀d,max =  16.19 N/mm2 

 
Compression force,  C = ˋ Rd,max x 2a x 450 
 R̀d,max x 2a x 450 x (385 -a) x 10-3 = 295 x 103 
                                  a x (385 -a) = (295 x 103) / (2 x 16.19 x 450 x 10-3) 
               a2 - 385a + 20.245 x 103 = 0 
 
Solving the equation, a  = 62.8 mm 
 
Angles of inclination,    h = tan -1 ( 350/197.8 ) 
    = 60.530 

 
    ̡ = tan -1 ( 350/322.2 ) 
    = 47.370 

 
(Note:  ¢ƘŜ ŀƴƎƭŜ ƻŦ ƛƴŎƭƛƴŀǘƛƻƴ ŦƻǊ ǘƘŜ ǎǘǊǳǘ ƛƴ ŀ ŎƻǊōŜƭ ƛǎ ƭƛƳƛǘŜŘ ǘƻ мΦл  Җ  ǘŀƴ ʻ  Җ нΦр Σ 
 i.e. 450  Җ  ʻ  Җ  су0 , EC2 Annex J.3) 
 

 

Strut Forces (+ tension, - compression) 
   

Member AD BD Compression C 

Force (kN) -574.3 -564.8  -915.1 

 

Design of Ties      

 

Required steel bar As = Tension force/(0.87 x fyk) 

Member AB BC CD 

Force (kN) +382.5 +415.5 +100.0 

As (mm2) 879 955 230 

Provide 5H16 5H16 2H10 (4 legs) 

Remarks  -  Continued from AB ties Bundled links 
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Design of Struts 
 
The maximum design stress in the struts without transverse tension: 

 

R̀d,max = fcd 
 = 0.567fck  όchc Ґ лΦурΣ    ʴc = 1.5 ) 
 = 22.68 N/mm2 

 

 
Upon inspection, nodes A, D are CCT and nodes B is CTT.  
 
The maximum design stress at the nodal zone edges: 
 

 
CCT nodes A, D  ˋ Rd,max = 0.85 x (1-fck/250) x fcd 
     = 16.19  N/mm2 

 
 
CTT node B   ˋ Rd,max = 0.75 x (1-fck/250) x fcd 
     = 14.29  N/mm2 

 
 

[ŜǘΩǎ ŀǎǎǳƳŜ ŎƻƴǎŜǊǾŀǘƛǾŜƭȅ ǘƘŀǘ ǘƘŜ ƳŀȄƛƳǳƳ ŘŜǎƛƎƴ ǎǘǊŜǎǎ ƛƴ ǘƘŜ ǎǘǊǳǘǎ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ 
 

 
Struts AD   ˋ Rd,max =  16.19  N/mm2 

 
Struts BD   ˋ Rd,max =  14.29  N/mm2 
 

 

Strut Section 
 
Strut width   =   450mm 
Strut thickness (mm) 
 

Member AD BD 

Force (kN) -574.3 -564.8 

ˋ Rd,max  ( N/mm2 ) 16.19 14.29 

Strut thickness (mm) 78.8 87.8 
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Check Nodal Zones 
 
The required minimum thickness of the nodal zone edge for nodes A to F is similar to the respective 
strut thickness above.   
 
By inspection, the critical nodal zones are located in nodes A, B and F.  
 
Referring to the figures below, the available nodal zone edge thickness is: 

 

 
 

 
Strut AD,  node A  =  100 (sin 60.530) 
    =  87.1 mm   > 78.8 mm (OK) 
 
  node D  = 125.6 (sin60.530) 
    =  109.3 mm   > 78.8  mm (OK) 
 

Strut BD, node B  = Ѝς x 64 
    =  90.5 mm   > 87.8  mm (OK) 
 
  node D  = 128.4 (sin47.370) 
    =  94.5 mm   > 87.8  mm   (OK) 
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Final Reinforcement Details 
 
All reinforcement must be fully anchored beyond the nodes.  
 
To improve crack control and ductility, you will need to provide a minimum reinforcement of 0.5As, 
which is uniformly distributed, at the half joint parallel to the bottom tie reinforcement. 

 

 
Minimum As = 0.5 x 879 
  = 440 mm2  Use 3H10 close links (6 legs) 
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DESIGN EXAMPLE 2 

RC Corbel  
Specialist Design 

Alternative  

 

Steel Corbel Ą Selecting Peikko® PCs Corbel (to be used with PC Beam Shoe) 
 
The load transfer mechanism of PCs Corbel under vertical and horizontal loading is shown in the figure 
below.  

 

 
 

PCs Corbels are pre-designed so that all components of the system have sufficient resistance against 
actions caused by external loads.  
 
The design values of resistances are shown in the table below. 

 

 
Design: 
Vertical shear force in connection:   VEd = 500 kN 
Horizontal tensile force in connection:  HEd = 100 kN 
 
Select corbel: 
Corbel     PCs 5 
Shear resistance   VRd = 520 kN 
Tensile resistance   HRd = 104 kN 
 
VEd < VRd  Ą 500 kN < 520 kN 
HEd < HRd  Ą 100 kN < 104 kN 
 

 

 
  


