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ABSTRACT 
 
Composite steel-concrete beams are increasingly becoming the most widely used method of construction for 
steel framed bridges, buildings and stadia. Some existing composite structures may not satisfy current load 
requirements and require retrofitting or strengthening to extend their design life and reduce the costs on 'new 
build'. Recent studies have shown that blind bolts can be utilised to retrofit/strengthen existing composite 
structures. Monitoring and evaluation of the efficacy of the retrofitting/strengthening strategies using blind bolts 
is a key aspect of structural health monitoring. In this paper, two series of tests have been carried out in 
laboratory to study the effects of different shear connection systems. Each series of tests includes three full-scale 
composite beams with different shear connection systems and one non-composite beam as comparison. One 
series of tests considered the service load behaviour using dynamic tests, whilst the second series of tests 
considered ultimate strength tests using static testing.  Both the service and strength tests revealed that headed 
shear studs can be replaced with blind bolting and achieve similar or improved stiffness or strength, hence 
rending the blind bolting suitable for both demountable and retrofitting purposes. 
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INTRODUCTION  
 
This paper will describe an innovative method to connect steel and concrete elements in steel framed structures. 
Composite steel-concrete beams are increasingly becoming the most widely used method of construction for 
steel framed bridges, buildings and stadia.  One of their major benefits is the restraint that the concrete slab 
provides against out-of plane buckling modes which are germane to unrestrained steel elements.  Typical 
examples include the Hawkesbury River Bridge; Star City Casino; and Olympic Stadium all in Sydney, 
Australia as illustrated in Figure 1.  

     
(a) Hawkesbury River  Bridge (b) Star City Casino   (c) Sydney Olympic Stadium 

Figure 1. Bridges, buildings and stadia which invoke composite steel-concrete beam members 
 

Current estimates in Australia have revealed that approximately 40% of landfill waste is directly attributed to 
building and construction, (Green Building Council Australia, 2009).  Methods for lowering this rate can be 
achieved through changes in construction materials, methods of construction and demolition.   This project will 
employ the use of innovative connectors between steel and concrete elements that will allow structures to be 
rehabilitated and made demountable. Considering the current economic challenges, deconstruction and 
rehabilitation an existing structure can be more cost effective than building a new facility. Steps that structural 
designers can take to maximise the potential for re-using steel infrastructure include using bolted connections in 
preference to welded joints and ensuring easy access to connections.  The practice of developing structures that 



consider their whole of life cycle from design, construction, operation, maintenance, renovation, and 
deconstruction are becoming more prominent. Therefore the application of blind bolts to new and existing 
construction is an innovative way for composite construction to be utilised.  According to the USA 2009 
Infrastructure Report Card, (American Society of Civil Engineers, 2009), approximately one in four rural 
bridges were deficient, whilst one in three urban bridges were deficient in 2008. These bridges may therefore 
require either replacement or retrofitting. Similar conditions also exist in Australia where the most recent 2005 
Australian Infrastructure Report Card rated Roads as C to D and Rail as C-, (Engineers Australia, 2005).   
 
Typical cross-sections for composite steel-concrete beam members are illustrated in Figure 2. These members 
are formed when the structural steel beam and the concrete slab are connected by mechanical connectors along 
the longitudinal direction at the interface of the two elements. Mechanical connectors are essential as they 
ensure composite action, thus from two different elements one new structural element is formed. Figure 3 shows 
three connectors, namely the headed stud shear connector and two types of blind bolt systems. Headed stud 
connectors are the most widely used shear connectors.  The main reason is that they provide high shear capacity 
and ductility. Moreover, they are cheap and easy to install to beams and other elements.  However, since they 
are welded they do not lend themselves to being utilised for structural rehabilitation and for structures to be 
made demountable.  The two types of blind bolts which are illustrated in Figure 3 do however lend themselves 
to being able to be used in new construction and hence able to be deployed in demountable structures.  
Furthermore, with pre-drilling of concrete and steel surfaces they can also be deployed in rehabilitation and can 
assist in developing composite action between steel beams and their overlying concrete slabs, (Kwon et al, 2009 
a, b).  Methods to assess the insitu behaviour of shear connection systems have been developed by Dilena and 
Morassi (2009) and Wang and Hao (2013) and this will also be addressed in this paper for a variety of shear 
connector systems. 

 

 
Figure 2. Composite beam types and their shear connection, (Uy and Liew, 2002) 



 
Figure 3. Headed shear studs and various blind bolts 

 
The use of blind bolts for new construction requires the understanding of the behaviour of the shear connectors 
and the parameters which influence the stiffness, strength and ductility.  Previous research has been undertaken 
by Mirza (2008) looking at the behaviour and design of the headed stud shear connectors on composite steel-
concrete composite beams. This research emphasised five major issues which included the effect of steel fibres 
as a strengthening system in composite steel-concrete beams Mirza and Uy (2009a), the effect of elevated 
temperatures on the behaviour of headed stud shear connectors for composite steel-concrete beams Mirza and 
Uy (2009b), the long term effects on the behaviour of composite steel-concrete beam Mirza and Uy (2010a), the 
effect of strain regimes on the behaviour of the composite steel-concrete beams Mirza and Uy (2010b), and the 
effect of the combination of tensile and shear loading on the behaviour of composite steel-concrete beams Mirza 
and Uy (2010c).  Headed stud shear connectors can be substituted with blind bolts because these bolts have the 
capability of being unbolted and bolted from one side, hence, demountable structures can be developed. Initial 
research has been carried out by Mirza, Uy and Patel (2010) which has considered the behavior of blind bolts 
for new construction, experimentally and analytically.  These tests were carried out on studs and bolts of 100 
mm length using the standard Eurocode 4 push test.  The nominal concrete compressive strength was 25 MPa 
and the steel bolts were of nominal strength 8.8 (ie 800 MPa ultimate, and 640 yield strength).  Figure 4 
illustrates some initial tests result which highlight the similar ultimate strength of these three connectors.  
Different stiffnesses are also observed which appear to be influenced by the size of the sleeve or collar.  
Ductilities of the blind bolts also appear reduced in comparison to that of a conventional headed shear stud.  The 
experimental work included verifying the capability of unbolting of blind bolts after 40% of the ultimate load 
had been applied, which would render the bolts suitable for being able to be used for demountable infrastructure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Load-slip tests for headed studs and blind bolts 
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This paper will highlight the service and strength behaviour of alternative shear connector systems using both 
dynamic and static testing methods. 
 
SERVICE LOAD BEHAVIOUR (DYNAMIC) 
 
In order to assess the service load behaviour of alternative shear connector systems, tests have been carried out 
on full scale beams and dynamic testing has been carried out to assess critical modes and flexural rigidities have 
been estimated from these results to assess the effects of different shear connector systems on the service load 
behaviour. 
 
Experimental Setup 
 
Three composite steel-concrete beams were designed with a partial shear connection of 70-80%. Three different 
shear connector types were used, shear stud (SS), Ajax bolt (AB), and Hollow bolt (HB). One non-composite 
(UC) steel-concrete beam was also tested for comparison. Each beam was supported at both ends with a 6m 
span, as shown in Figure 5. The steel beams were universal beam sections of 460UB 74.6. The concrete slab 
was 150mm thick and 1m wide.  Tests were carried out by using an impact hammer approach and mode shapes 
and subsequently flexural rigidities established, (Xia et al, 2007).  This was facilitated using about 50 
accelereomters and a high speed data acquisition system. 
 

 
Figure 5. Experimental setup for service load dynamic tests 

 
Estimation of Flexural Rigidity 
 
In order to compare the composite beams with different shear connection systems, the equivalent flexural 
rigidity of the beam is estimated from the fundamental frequencies.  These results illustrate that the blind bolt 
systems exhibit similar flexural rigidity for all range of loading as illustrated in Figure 6. 

 
Figure 6. Comparison of flexural rigidities 

 
 
 



ULTIMATE STRENGTH BEHAVIOUR (STATIC) 
 
In order to study the strength characteristics, the same beams used in the service load (dynamic) tests were 
tested to assess their ultimate strength behaviour and the effect that the alternative shear connectors would have 
on their behaviour. 
 
Experimental Programme 
 
Three identical composite beams were fabricated using three different shear connectors, conventional headed 
stud shear connectors, Blind Bolt 1 and Blind Bolt 2. A fourth beam sample with same dimensions but without 
shear connectors was also tested as a base line to compare the composite specimens. The beams were designed 
according to the relevant Australian Standards (Standards Australia 2327.1, 2003) in order to represent an actual 
secondary beam used in a high rise office building floor.  The beams were simply supported and two equal point 
loads were applied on spreader bars placed at 500 mm away from the midspan as illustrated in Figure 7.  Each 
beam was loaded in stages of 20%, 40%, 60% and 80% of their expected ultimate loads and finally loaded until 
the beams reached their maximum load carrying capacity. 
 

 
Figure 7. Loading setup and displacement sensor arrangement 

 

 
Figure 8. Comparison of load-deflection behaviour of different beams 

 
It is evident from the load-deflection results illustrated in Figure 8 that the alternative shear connectors using 
blind bolt illustrate similar stiffness as well as improved ultimate strength characteristics.  It is evident that the 
bolted systems exhibit high strength and ductility to the welded headed shear studs and thus, from a strength 
perspective illustrates excellent performance for demountable and retrofitting purposes.  The improved strength 
could have been due to premature weld fracture of the studs, which seems the more likely scenario. 
 



CONCLUSIONS AND FURTHER RESEARCH 
 
This paper has described alternative shear connection systems that are being proposed for use in steel-concrete 
composite infrastructure systems.  These systems can be used for demountable and retrofitting purposes.  The 
paper has illustrated that the service and strength behaviour of these systems is similar or significantly improved 
to that of welded headed shear studs.  Thus the utilisation of these bolt systems for demountable and retrofitting 
purposes does facilitate the use of structural health monitoring, as both the service and strength behaviour of 
these systems can be characterised.  These alternative shear connector systems will see increased utilisation in 
next generation infrastructure. 
 
This paper has summarised the behaviour of alternative shear connector systems in new construction for 
potential demountable construction applications.  The authors are carrying out research for these shear connector 
systems in retrofitting (i.e. stiffening and strengthening) purposes and further research results for these will be 
reported in future. 
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