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This chapter presents the main concepts relevant to the design of composite steel-concrete
structures for the serviceability limit state associated with the time-dependent effects of
concrete caused by creep and shrinkage. After providing an overview of the verification of
the serviceability limit state requirements, attention is given to the calculation of the service
loads and their combinations. The key features associated with the limit states of deflection
and concrete cracking are then introduced to provide a summary of how the service condi-
tions can be incorporated into the design of a structure and its components. Finally, a clas-
sification of the different types of structures and their levels of sensitivity related to concrete
time effects are presented. This classification is used to give insight into the available sets of
recommended material models and analysis methodologies that can be used in design. The
serviceability limit state requirements presented in this chapter have been outlined with
reference to European, Australian and New Zealand, and American guidelines.

1.1 Background

Composite steel-concrete structures are widely used throughout the world for building
and bridge applications. One of the distinguishing features of this form of construction
is that the advantages of concrete and steel are combined to achieve stiffer and stronger
structural solutions than those exhibited by the two materials working independently.
The ability of the concrete and steel components to work together is commonly referred
to as composite action and the force transfer mechanisms at the basis of this behaviour
depend on the type of the structural component under consideration, such as a slab,
column or beam, and the type of connectors used to tie the two materials together. For
example, the composite action in composite beams is usually provided by means of me-
chanical devices, typically in the form of shear connectors, or in composite slabs by a
mechanical interlock produced at the concrete and steel interface by embossments or
indentations on the profiled steel sheeting. The peculiarities of the composite action ex-
hibited by each structural component are briefly introduced in the corresponding chap-


https://doi.org/10.2749/sed018.ch1

	Preface
	Table of Contents
	1 Introduction
	1.1 Background 
	1.2 Verification of the serviceability limit state requirements 
	1.3 Service design actions and their combinations 
	1.3.1 European service design combinations of actions
	1.3.2 Australian and New Zealand service design combinations of actions
	1.3.3 American service design combinations of actions

	1.4 Limit state of deflection 
	1.5 Limit state of cracking 
	1.6 Sensitivity levels of structures to time effects 
	1.7 References 

	2 Time-dependent behaviour of concrete
	2.1 Introduction  
	2.2 Constitutive models of concrete time effects in design codes  
	2.2.1 Concrete strain components 
	2.2.2 Creep 
	2.2.3 Shrinkage 
	2.2.4 Algebraic Methods to predict creep and shrinkage effects 
	2.2.5 Step-by-step procedure to predict creep and shrinkage effects 

	2.3 Multi-physics modelling  
	2.4 References 

	3 State-of-the-art review on the time-dependent behaviour of composite steel-concrete slabs
	3.1 Introduction 
	3.2 Time-dependent behaviour of the concrete 
	3.3 Time-dependent member behaviour 
	3.4 References 

	4 State-of-the-art review on the time-dependent behaviour of composite steel-concrete beams 
	4.1 Introduction 
	4.2 Time-dependent behaviour of the concrete 
	4.3 Time-dependent composite response 
	4.3.1 Flexural behaviour 
	4.3.2 Shear-lag effect 
	4.3.3 Shear deformability of the steel section 
	4.3.4 Prestressed concrete in composite beams 
	4.3.5 Influence of shrinkage on the composite flexural rigidity 
	4.3.6 Sequential casting of concrete slabs 
	4.3.7 Time-dependent buckling 
	4.3.8 Influence of time effects on the ultimate behaviour

	4.4 References 

	5 State-of-the-art review on the time-dependent behaviour of composite steel-concrete columns
	5.1 Introduction 
	5.2 Time-dependent behaviour of the concrete  
	5.2.1 Influence of the drying exposure conditions 
	5.2.2 Influence of the confinement effect in CFST columns 

	5.3 Time-dependent behaviour of CFST columns 
	5.3.1 Experimental and numerical investigation on CFST short columns subjected to sustained load
	5.3.2 Influence of time effects on the ultimate behaviour of CFST columns
	5.3.3 Combined effects of sustained loading and chloride corrosion on CFST columns 
	5.3.4 Time-dependent behaviour of expansive CFST columns 

	5.4 Time-dependent behaviour of CFDST columns  
	5.5 Time-dependent behaviour of concrete-encased composite columns 
	5.6 Influence of the time-dependent differential axial shortening of composite columns in buildings  
	5.7 Long-term effects on CFST members in arch bridge applications 
	5.8 References  

	6 Design specifications for the time-dependent behaviour of composite steel-concrete structures
	6.1 Introduction  
	6.2 Serviceability limit state of deflection  
	6.2.1 Overview
	6.2.2 Displacement limits based on European speci­fications 
	6.2.3 Displacement limits based on Australian and New Zealand specifications
	6.2.4 Displacement limits based on American specifications 

	6.3 Composite slabs  
	6.3.1 Overview 
	6.3.2 Refined methods 
	6.3.3 Simplified methods 
	6.3.4 Detailing requirements 
	6.3.5 Control of concrete cracking 

	6.4 Composite beams  
	6.4.1 Overview 
	6.4.2 Refined methods for building applications
	6.4.3 Simplified methods for building applications
	6.4.4 Control of concrete cracking for building appli­cations
	6.4.5 Additional service design requirements for bridge applications

	6.5 Composite columns  
	6.5.1 Verification for serviceability limit states 
	6.5.2 Verification for ultimate member capacity 

	6.6 References 

	7 Case studies considering the influence of the time-dependent behaviour of concrete on the serviceability limit state design of composite steel-concrete buildings
	7.1 Introduction 
	7.2 Influence of time effects on column shortening  
	7.2.1 Introduction
	7.2.2 Parametric study

	7.3 Service design of a composite floor for a commercial building in Sydney  
	7.3.1 Introduction
	7.3.2 Selection of the steel framing supporting the composite floor 
	7.3.3 Considerations on the structural analysis and service design 

	7.4 Quay Quarter Tower – Influence of time effects on concrete core and column deformations  
	7.4.1 Introduction
	7.4.2 Main features related to the service design of the building 

	7.5 References 

	8 Case studies considering the influence of the time-dependent behaviour of concrete on the servicea­bility limit state design of composite steel-concrete bridges 
	8.1 Introduction  
	8.2 Influence of time effects on the stress verification of the steel components of the Oxec II Bridge  
	8.2.1 Introduction
	8.2.2 Brief overview of the numerical model and time-dependent analysis
	8.2.3 Verification of the stresses induced in the steel section

	8.3 Influence of different steel-concrete cross-sectional arrangements on the time-dependent response of the Yalquincha Viaduct  
	8.3.1 Introduction
	8.3.2 Brief outline of the numerical model for the time-dependent analysis 
	8.3.3 Time-dependent stresses in the steel section
	8.3.4 Time-dependent stresses in concrete slabs
	8.3.5 Deck overall deflections and displacements at the end cross-sections

	8.4 Optimised slab casting of the Serra Cazzola Viaduct  
	8.4.1 Introduction
	8.4.2 Time-dependent analysis of the slab construction sequence
	8.4.3 Optimization of construction sequences

	8.5 References 




