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ABSTRACT 

A novel double-skin tubular arch (DSTA) bridge system is being developed at the University of 

Queensland as a collaborative effort of several organizations. This new bridge system builds on the 

existing research on hybrid double-skin tubular members (DSTMs) which consist of an outer FRP 

tube, an inner steel tube and a layer of concrete sandwiched between them. DSTA bridges are light-

weight, durable, of low-cost and rapid to construct, thus providing a highly attractive alternative to 

traditional bridge systems. This paper presents the design and construction of a full-scale DSTA 

bridge prototype in the laboratory. The design procedure based on existing design provisions for 

DSTCs is briefly presented. The construction process of the DSTA bridge, including the fabrication of 

steel and GFRP segments, assembly process, fabrication of joints and concrete casting, is described 

and discussed.  

1 INTRODUCTION 

A double-skin tubular arch (DSTA) bridge system has been developed, manufactured and tested at 

the University of Queensland (UQ) (Figure 1).  

 
Figure 1- DSTA bridge constructed at UQ 

A DSTA bridge system comprises a combination of DST beams (DSTBs), DST columns (DSTCs) and 

DST arches (DSTAs). Double-skin tubular members (DSTMs) consist of an inner steel tube, an outer 

fiber reinforced polymer (FRP) tube, and a concrete layer between (Figure 2).  

The two tubes also serve as stay-in-place formwork. DSTMs possess excellent performance in 

corrosion resistance, ductility, strength/weight ratio, ease of construction and reduction of embodied 

energy (Teng et al. 2007; Higginson 2014), making them an attractive alternative to traditional bridge 

structure concept. 

The behaviour of DSTCs has been studied extensively (Yu et al. 2006; Teng et al. 2007; Yu 2007; Yu 

et al. 2010a). In DSTCs, fibres of the FRP tubes are oriented close to the hoop direction, providing a 

confining pressure to the concrete annulus.  

A single-lane railway overpass bridge prototype was designed and fabricated at the UQ Structures 

Laboratory. The length and mass of the DSTA bridge were limited to 12.5m and 23 tonnes 
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respectively, to allow easy transportation to site on a standard heavy vehicle (National Heavy Vehicle 

Regulator, 2016) and lifting with a mobile crane (Terex, 2014).  This paper describes the design and 

fabrication of this full-scale DSTA bridge prototype. 

2 DESIGN AND CONSTRUCTION OF A DSTA 

2.1 Design Methodology 

A 3D view of the DSTA bridge is given in Figure 3a. The height of the DSTA bridge to the top surface 

of the DSTBs was 2.7m. The width of the bridge was selected that the center line distance between 

the two adjacent DSTB top chords is equal to the standard railway track gauge in Australia (1.435m).  

The design actions were determined according to AS5100.2 (2004), with a 1.2 dead load factor and a 

1.6 live load factor for the ultimate limit state, 1.0 for both the dead and the live load factors for the 

serviceability limit state, and a dynamic load allowance of 0.79. The ultimate loading applied to the 

DSTA bridge based on the 300LA railway traffic load (AS5100.2 2004) is summarised in Figure 2   

 
 

 

 

Figure 2- DSTA Bridge arrangement and loading configuration 

Design actions for the DSTMs were evaluated through linear and non-linear analysis. The critical axle 

load configuration was determined by applying moving loads as part of a linear analysis. The critical 

load configurations were then modelled in a nonlinear analysis.  

2.2 Construction Methodology 

Construction of the DSTA bridge can broadly be divided into four phases:  

(a) fabrication of steel and GFRP segments,  

(b) assembling GFRP segments and welding, and 

(c) sealing of GFRP tubes and concrete casting. 
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2.2.1 Fabrication of steel and GFRP segments 

Each arch was divided into segments (Figure 3).  

 
Figure 3 – Steel segments and GFRP sections 

The steel segments and the GFRP tubes were shipped to the UQ Structures Laboratory already cut to 

size. Once the steel tube segments arrived at UQ, shear studs were welded to the tubes to ensure 

composite action between the steel tube and the concrete annulus.  

2.2.2 Assembly of GFRP segments 

The GFRP segments were placed around the steel elements, and adjacent steel segments were 

welded together (Figure 4).  

Once lifted into position and attached to the strong floor at the UQ Structures Sab, the two sides of 

the DSTA bridge where connected to form the bridge.  

 

(a) Steel segment 1 (b) Placing column 
GFRP tube 

(c) GFRP placement 
for segment 1 
completed; aligning 
segment 2 

(d) GFRP placement for 
segment 2 completed; 
segments 1 and 2 welded 
together 

Figure 4 – Construction process  

2.2.3 Sealing of FRP tubes and concrete casting of arch and columns 

Two different techniques were used in fabricating the GFRP joints. All DSTA-DSTC joints and all 

DSTA-DSTA joints were made using pre-impregnated GFRP (pre-preg), and DSTC-DSTB-transverse 

and DSTC-DSTB joints were made using the wet-layup process. These two processes were used to 

assess the difficulties in the fabrication process and the differences in the quality of finished joints.  

A simple linear elastic finite element analysis was carried out to determine the stress trajectories of 

the GFRP-GFRP joint regions and hence the GFRP fibre.  

Once all arch and column GFRP tubes were connected and fully cured, concrete was cast into the 

annulus between the steel and the GFRP. Concrete pouring started from the two outer most columns 

of each DSTA and worked towards the mid-span.  
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Figure 5 - Concrete casting for arch and columns 

2.2.4 Assembly of FRP segments  

After the casting of concrete into DSTAs and DSTCs, the concrete was left to cure for 7 days. Then 

the I-beam acting as the top chord was removed and replaced with a steel RHS surrounded by GFRP. 

Welding of the steel was then carried out.  

2.2.5 Sealing of tubes and casting of beams 

The concrete was placed once all the GFRP joints were completed. Concrete casting was done using 

a pressure pump, from the top of DSTB sections starting from one end as shown in Figure 6. 10mm 

diameter weep holes were made (@ 1m spacing) at the top of the GFRP tube to allow air to escape 

during concrete casting.  

 
Figure 6 – Concrete casting process 

2.2.6 Construction quality 

2.2.6.1 GFRP joints 

Visual inspections were carried out to determine the quality of the bonded joints. Typical pre-preg 

joints are shown in Figure 7(a), while a typical wet-layup joint is shown in Figure 7(b).  

   
(a) DSTA-DSTC joint with pre-preg (b) DSTC-DSTB joint with 

wet-layup FRP 

(c) DSTA-DSTA joint with pre-

preg 

Figure 7- Different types of joints after curing 

During the loading test of the DSTA bridge, no signs of damage were observed in any of the joints 

and there was no evidence of any significant effect on the structural performance of the DSTA bridge  
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2.2.6.2 Concrete casting 
Video cameras were used inside the DSTAs between the GFRP tube and the steel tube to observe 

the concrete flow during concrete casting. These observations showed a good flow around the 

corners of the joints, and no visible air pockets were observed. Visual inspections from outside the 

semi-transparent GFRP tubes also identified no signs of air pockets.  

2.2.6.3 Overall construction time 
Fabrication of the steel segments and the FRP tubes were carried out in Guangzhou, China. Once the 

steel segments and the GFRP tubes arrived at the UQ Structures Laboratory in Australia, except for 

the welding of steel segments and shear studs, all the other construction works were carried out by an 

academic, a post-doctoral fellow, and several PhD and undergraduate students at UQ.  

3 CONCLUSION 

This paper has presented the design and construction of a full-scale novel hybrid double-skin tubular 

arch (DSTA) bridge prototype in a laboratory. This DSTA bridge system consisted of DST beams 

(DSTBs), DST columns (DSTCs) and DSTAs.  Loading on the bridge was determined based on the 

300LA railway traffic load as specified in the Australian bridge design code (AS5100.2 2004). Design 

of the DSTA, DSTB and DSTC members were carried out based on the procedure proposed by Yu 

and Teng (2011). Construction of the bridge was carried out in four phases: (a) fabrication of steel 

and GFRP segments, (b) assembly of GFRP segments around steel of arch and columns and 

welding, (c) sealing of GFRP tubes and concrete casting for the arch and columns, (d) assembly of 

GFRP segments around steel of beam segments and welding, and (e) sealing of GFRP tubes and 

concrete casting for the beams. For the fabrication of joints, two different processes (namely the wet-

layup and pre-preg processes) were used. 

The concrete mix design used was found to be suitable for casting of concrete in DSTA bridge 

sections, and no air voids were observed.  
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