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Figure 25: Assembled composite bridge 

Figure 26: Installation of bridge deck 
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4. CONCLUSIONS 

Testing of the prototype quarter portion of the bridge deck indicates that Ihe 

design of bridge deck using readily avai lable, off· the-shelf pultruded glass and carbon 

FRP tubes can meet the necessary strength and deflection design criteria as defined in the 

AASHTO speci fications. 

The deflection and strain histories show linear e lastic bending and shear behavior 

with a slighdy non-linear envelope close to the fa ilure load. The deflections and strains 

are very symmetric up to the point of failure. The net central deflection ranged within the 

allowable limits of length/800. 

The fatigue test served as simple baseline indicator of the long-tenn durabili ty of 

the composite deck The sample showed almost no reduction in stiffness or strength after 

2 million cycles of fatigue loading in excess of the design wheel load. 

The failure load of 133.45 kN (30,000 Ib) was almost four times the design wheel 

load of 35.5 kN (8,000 Ib) for the quarter section of the bridge deck. The failure was 

caused due to the twisting of tubes in the fifth layer from top of the deck while at the 

same time almost no other form of distortion or failure was observed in any other layer of 

tubes. Damage accumulated gradually at higher load levels~ which is reflected in the 

deflection and strain histories. Ultimate fa ilure was non-catastrophic which is 

advantageous from a civil engineering point of view. 

The testing of quarter portion of the bridge deck m the laboratory provided 

valuable in formation to resolve certain manufacturing and design issues such as bonding 

between the tubes and number of layers of tubes to be used. Furthermore. the data 
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measured during the testing provided base line information by which to judge the bridge 

design and to compare later test data from the actual installed fu ll-size bridge deck. 

Based on results of the present research and of extensive laboratory tests on FRP 

tubes and their assemblies, all-composite bridge decks made of pultruded glass and 

carbon tubes are judged to be a suitable replacement fo r short span bridges made of 

conventional materials. Although this is not the most efficient design fo r an all­

composi te bridge deck. it does represent a unique opportunity to implement composites 

'in a vehicu lar bridge. 
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S. RECOMMENDATIONS 

A number of issues stili need to be invest igated for optimizing the present bridge 

design. The following are the recommendations based on the investigations conducted 

with in the scope of Ihis project: 

• The reason for fa il ure of the test sample was due to the twisting of tubes in the 

fifth layer of the deck sample. This twisting motion caused the tubes to lose their 

shape and also lead to cracking of the fibers along lhe edges of the tubes. To 

prevent thi s twisting motion and hence the cracking, pultruded tubes with 

improved transverse properties are required. 

• The ultimate load capacity of the deck can be increased by replacing the fifth 

layer of GFRP tubes, laid down tmnsverseiy to the direction of the traffic, with 

GFRP tubes running lengthwise along the deck. This will result in providing 

more strength and stiffness to the deck as the longitudinal tubes in the fift h layer 

will then be one of the main load bearing members. 

• In order fo r the all-FRP bridge deck to behave monolithically, adequate bonding 

• 

between the FRP tubes is necessary . To ensure this, fu rther investigation into the 

long tenn perfomlance is required with regard to the adhesive used for bonding 

the tubes. 

Durability results and sensor data from tests wi th li ve loads should be used to 

provide in rormation required for determining the cost-effective measures to be 

used in life-cycle planning, determining a maintenance strategy, and establishing 

guidelines for composite bridges for use in the Iransport'ation infrastructure. 
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