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ERRATA Page 

During the writing of this thesis, a cost value of the FRP deck was priced from Fiberline Composites 

AB. This value was approximately €11.27 (94.22 SEK) per kg of FRP deck – 5.3.4 (pg 57). However 

further consultation with Fiberline post completion of the thesis revealed that the wrong price was 

provided. The actual price is €805 (6730 SEK) per m2 of deck (including gluing to the steel plate). This 

obviously changes the final LCC of the FRP bridge in this thesis and therefore the economic 

comparison and final conclusion. The FRP bridge costing was redone with this new true price and the 

following results were outputted. 

Results 

The following results for total LCC costs were outputted with the new FRP price: 

 

Case FRP (Mkr) Concrete (Mkr) % 

Best Case FRP 3.170 3.94 -19.6 

Realistic Case FRP 3.423 3.86 -11.4 

Worst Case FRP 3.75 3.81 -1.7 

 

FRP comes out more cost effective than its concrete alternative in all three scenarios. Looking at the 

most realistic/average case, a saving of almost 12% on the concrete model is shown.  

The new corresponding Total Cost probability chart figure 5.9 (pg 69) is shown below as well.  

 

Conclusion 

Given the significant difference in the new results compared to the original ones, FRP is now found 

to more cost effective than its concrete alternative in every case scenario analysed.  This is now 

added to its already proven advantages in structural, environmental and work scheduling aspects. To 

conclude, this now makes FRP an extremely favourable material (in all aspects) for use in bridge 

construction when compared to conventional building materials.  
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Abstract 

When implementing a bridge design proposal, it is common that several alternatives be considered, 

each with a different material of construction. Traditional building materials used for the 

construction of bridges have mainly been concrete, steel, timber or aluminium. With all these 

materials options, maintenance and replacement costs throughout the lifespan of a bridge make up 

for a large proportion of their total life cycle costs. 

Fiber Reinforced Polymer (FRP) provides a new viable construction material, which can be 

implemented in bridge construction. This plastic based material has favourable material properties 

such a very high strength to weight ratio, high corrosion resistance and durability, as well as very low 

maintenance costs over its lifetime. 

In the feasibility analysis, a case study of an existing FRP deck bridge was taken and examined in 

three aspects: structural, economic and environmental. The bridge was also redesigned with a 

concrete deck solution, to provide a comparison to a conventional construction material. The results 

were found, in general to be favourable towards the FRP solution. From the structural analysis 

savings on deflection, support reactions and superstructure stresses were outputted. Economically, 

the composite material was found to have a substantial higher initial cost but much lower periodic 

maintenance costs than the concrete option. Finally the FRP bridge option displayed a lower 

construction time for the superstructure, at one third of that of concrete and an overall lower 

environmental impact, based on material production and the overall bridge construction process. 

Note: The following master thesis is an experimental research project and its figures or results 

should not be utilised in real life structural design, economic or environmental analyses.  

 

Keywords:  Fiber reinforced polymer, FRP, plastics, life cycle cost analysis, life cycle assessment, 

LUSAS, finite element analysis, Friedberg bridge. 
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Sammanfattning 

Vid genomförandet av ett förslag till en brokonstruktion, är det vanligt att flera alternativ övervägs, 

alla med olika konstruktionsmaterial. Traditionella byggnadsmaterial som används för byggandet av 

broar har främst varit betong, stål eller trä. Med alla dessa alternativ av material, kompenseras 

underhålls- och utbyteskostnader genom brons livslängd till stor del av kostnaden för brons totala 

livscykel.   

Fiberarmerad polymer (FRP) ger ett nytt livskraftig konstruktionsmaterial, som kan användas i 

brobyggande. Detta plastbaserade material har föredelaktiga materialegenskaper som en mycket 

hög hållfasthet i förhållande till vikt, hög korrosionsbeständighet och hållbarhet, även mycket låga 

underhållskostnader under dess livslängd. 

I förstudien, användes en fallstudie av en befintlig FRP brofarbana som analyserades i tre aspekter: 

strukturella, ekonomiska och miljömässiga. Bron var också omdesignad med en betongdäcklösning 

för att ge en jämförelse med ett konventionellt konstruktionsmaterial. Resultaten visade sig i 

allmänhet vara gynnsamma mot FRP-lösningen. Från den strukturella analysen erhölls minskningar 

på deformationen, stödreaktioner och överbyggnadsspänningar. Ekonomiskt, visade det 

sammansatta materialet en betydande högre initial kostnad, fast en mycket lägre periodisk 

underhållskostnad än den alternativa modellen. Slutligen visade FRP-broalternativet en lägre 

byggnadstid för överbyggnaden, en tredjedel av betongbyggnadstiden, och en totalt sett lägre 

miljöpåverkan, baserat på den materiella produktionen och den övergripande 

brobyggnadsprocessen. 

Obs: Följande examensarbete är ett experimentellt forskningsprojekt och dess siffror eller resultat 

inte bör användas i verklig konstruktion, ekonomiska eller miljömässiga analyser. 

 

Nyckelord: Fiber armerad polymer, FRP, plast, livscykelkostnader, livscykelanalys, LUSAS, finita 

element analys, Friedberg bro. 
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Glossary 

˚C  Degrees Celsius 

A  Area 

ADT  Average daily traffic 

Cn  Sum of all cash flows in year n 

Cuser  Sum of all user costs 

CTDC  Traffic delay costs 

CVOC  Vehicle operating costs 

CO2  Carbon dioxide 

d  diameter 

Ex  Elastic modulus 

fu  Ultimate tensile strength 

fy  Yielding strength 

fcck  Characteristic compressive strength concrete 

fctm  Characteristic tensile concrete 

F  Force 

FRP   Fiber Reinforced Polymer 

Gx  Shear modulus 

GPa  Giga Pascal 

I  Second moment of area 

KN  Kilo Newton 

Kr  Swedish kroner 

LCC  Life Cycle Cost 

LCA  Life Cycle Assessment 

LCI   Life Cycle Inventory 

LL   Live Loading 

Mkr  Million kroner (Swedish) 

MPa  Mega Pascal 

Nt  Number of days required to perform work 

n  Modular ratio 

NPV   Net Present value 

OT  hourly operating cost/truck 

OP  hourly operating cost/car 

P   Point load 

Ppm  parts per million 

rT  Percentage commercial vehicles 

RC  Reinforced concrete 

RP  Reinforced plastic 

r  Discount rate 

SW  Self Weight 

t*km  tonne * kilometre 

u  Deflection 

v  Poisson’s ratio 

vL  Shear flow 

w   Uniformly distributed load 

WT  hourly time value/truck 

WP  hourly time value /car 
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1. Introduction 
 

1.1 General 
 

Road and pedestrian bridges have conventionally been constructed out of steel and concrete and 

quite frequently a composite of both, to maximise applicability and possibility. There are of course 

some bridges constructed in timber and aluminium but these are quite limited in their usage. Over 

the past 20 years a new type of composite material has entered the market, bringing another 

buildable material into bridge construction. The material is called Fiber Reinforced Polymer (FRP) 

and is composed of a polymer matrix or resin, reinforced with fibers. These plastic type materials 

have been utilised successfully in the marine, aerospace and sporting goods industries for over the 

last 50 years but it is only recently that their advantages in the construction industry have become 

apparent. (Kendall, 2006) 

 

1.2 Aim and scope  
 

The purpose of this experimental research thesis is to evaluate the structural, economic and 

environmental implications of constructing a bridge from a FRP composite material. The material 

offers such benefits as an 80% weight reduction when compared to steel, virtually any structural 

shape is possible due to its manufacturing process and a substantially reduced Life Cycle Cost (LCC) 

due to its minimum maintenance requirements (Hoffard and Malvar, 2005).  A case study of a real 

life hybrid FRP/steel bridge is analysed. This bridge deck is then redesigned using reinforced 

concrete in place for the composite, thus giving a direct alternative comparison between outputted 

figures and results.  

Firstly the structural implications of having a FRP bridge deck are examined using modelling on a 

finite element software package.  A Life Cycle Cost Analysis is then carried out, where total lifespan 

costs and individual parameter costs are compared between the two material options. A 

construction schedule, displaying the possible time savings associated with composite bridges is 

drawn up as well a Life Cycle Assessment Analysis, which looks at the materials implications from an 

environmental perspective. 
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2 Fiber Reinforced Polymers 
 

2.1  General History 
 

A composite material combines two or more materials, creating a new homogenous, but unalloyed 

material, with advanced properties. Composites have been used throughout history and one of the 

earliest known uses could said to have been ‘wattle and daub’; a collection of twigs or timer laths 

coated with a clay type plaster. This was used to construct the roofs and walls of buildings of houses 

in the later part of the Stone Age. 

 

In more recent times reinforced concrete was introduced in the mid-19th century which 

revolutionised the way in which buildings and structures could be built. The composite material, 

which consisted of the combining actions of steel reinforcement resisting acting tensile forces and 

concrete resisting acting compressive forces, created a very powerful and versatile construction 

material. It is still the most popular construction material, along with structural steel, to this day. 

In the 20th century another very versatile type of composite material was brought into mass 

production: Fiber Reinforced Polymer. The material usually consists of a combination of 

reinforcement fibers (eg: glass, carbon) and a polymer resin matrix (eg: polyester). The functional 

aspect of FRP’s are quite similar to reinforced concrete , with the glass fibres acting as the 

reinforcement providing the majority of the tensile  strength resistance, while the resin surrounds 

the fibres providing restraint from buckling, durability and corrosive resistance to the composite 

system. However, unlike RC, FRP’s get both their compressive and tensile strength from the fibers 

only. 

Reinforced plastics (RP) existence first became noticeable in the 1940s, when their usage in the 

aeronautical industry soared. The lightweight but durable nature of RP’s provided savings on fuel 

consumption but also proved it could withstand fatigue and creep stress and varied environments 

(extreme temperature change etc.). In the 1950’s RP’s had reached the automotive industry. The 

Chevrolet Corvette was one of the first cases, with its body being moulded out of E-glass fibers (USA, 

1953). RP’s are used consistently in today’s worlds and a list of other industries and applications that 

repeatedly use them could continue endlessly (Rosato and Rosato, 2005). 

Figure 2.1 Wattle and daub (CPA, 2000) 
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2.2 FRP in the construction industry 
 

In the USA the construction industry is the biggest user of plastic products at 34%, reinforced and 

un-reinforced, using similar quantities as transportation. See Figure 2.1 (Rosato and Rosato, 2005). 

Currently FRP holds a 5% stake of the total materials used in the construction industry. However 

FRP’s real growth is expected to occur when their performance and advantages are fully understood 

by professionals and constructors, their properties included in widespread standards (Eurocode) and 

when their manufacturing price reaches reasonable levels on par with other conventional building 

materials such as steel and concrete. 

 

 

 

 

 

 

 

 

 

 

 

2.3 Materials 
 

FRP is composed mainly of 3 elements: reinforcement fibers, polymer matrix and additives. Each one 

has its own individual properties but when combined together they create a unique, composite 

material with advanced properties. The proportions to which these elements are combined vary 

depending upon composite usage, environment and cost. The reinforcement-to-matrix ratio or fiber 

volume fraction may be varied between 30 – 70% and respectively 70-30% by weight, with additives 

accounting for some 15-20% of the total weight. 

 

2.3.1 Reinforcement fibers 

 

The main role of reinforcement in composite materials is to add strength and stiffness to the 

mechanical properties of the profile.  It is the fibers that take the majority of the tensile and 

compressive stresses in FRP’s. A wide range of amorphous and crystalline materials can be used as 

34% 

33% 

14% 

10% 

9% 

USA Plastics Industry 

Building & construction

Transportation

Sports & appliances

Electrical & electronic

Other

Figure 2.1    USA plastics industry (reinforced & unreinforced) 
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the fiber. The most commonly used is glass fiber, of which there are 4 main types: E-glass, AR-glass, 

A-glass and high strength glass. Carbon fibre or Aramid fibers can be added to these glass fibers to 

give increased stiffness to the structure. In addition nylon and polyester fibers are also used for such 

purposes. In Table 2.1, the different types of glass fiber properties can be seen, as stated in the 

Reinforced Plastics Handbook by Rosato & Rosato (2005). The materials properties are most 

apparent when compared to steel fibers. The fibers have similar or even higher tensile strengths, 

with up to 20% of the weight.  

 

 Fiber/Grade Density (g cm-3) Tensile Strength 
(MPa) 

Carbon HT 1.8 3500 

Carbon IM 1.8 5300 

Carbon HM 1.8 3500 

Carbon UHM 2 2000 

Aramid LM 1.45 3600 

Aramd HM 1.45 3100 

Aramid UHM 1.47 3400 

E-glass 2.5 2400 

R-glass 2.5 3450 

Quartz glass 2.2 3700 

Aluminium 2.8 400 

Titanium 4.5 930 

Steel  (bulk) 7.8 620 

Steel (extruded) 7.8 2410 

Steel (stainless) 7.9 1450 
Table 2.1    Types of reinforcement fibers and their properties 

 

 

Glass fiber is produced by the continuous ‘spinning’ of molten glass filaments (between 9 & 23 

microns diameter), which is then grouped into bundles called strands and then these are usually 

combined to form thicker bundles called roving’s. The filaments are manufactured using a 

combination of low cost, widely available indigenous sands and various other minerals. When 

manufactured these fibers are extremely light and extremely strong. In Figure 2.2 and Figure 2.3 the 

different types of roving’s and mat/weaves used by GRP manufacturing company Fiberline can be 

seen (Fiberline Composites A/S, 2003).  Different loading types/cases, direction and magnitude call 

for different fiber layouts which conveniently can be customised for each profile.  
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2.3.2 Matrices 

 

Fibers are of little use unless they are restrained and binded together to make up a solid structural 

element that can withstand external loading. The matrix is the material which encases the fibers of 

FRP’s into rigid structure that helps restrain their movement, prevent buckling and also creates a 

durable and impervious structural material. The type of matrix determines properties such as 

electrical insulation, corrosion resistance and temperature resistance. The matrix also has to transfer 

stress from one fiber to another in a structural system.  Matrixes or resins generally are produced 

from crude oil and can be split into two main types: thermoplastics and thermosets. 

Thermoplastics 

Thermoplastics are at solid state material at room temperature and can be reshaped and recycled 

after formation. This solid state property does make it harder to impregnate the fibers, since the 

material has to be heated to the melting point and cooled again. Special tooling technique and 

equipment must be used for this procedure which makes it an expensive process. A distinct 

advantage of this type of resin is their increased impact resistance, which in some cases can be 10 

times that of thermosets.  Also since they are recyclable, FRP structures should be in theory 

recyclable after their lifespan. They are several different types including: polyolefins, polyamides, 

polysulphones and polyimides. 

Figure 2.2   Types of roving’s  

Figure 2.3: Types of mats/weaves 
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Thermosets  

Thermoplastics are naturally in a liquid state at room temperature which makes them very easy to 

work with, for example when impregnating the fibers. A catalytic chemical reaction (exothermic) is 

required to change the materials matter state from liquid to solid. Once catalysed, they cannot be 

reversed or reformed. Advantages are their ease of workability and low raw material cost.   The 

most common types of thermosets used in the construction industry today are the polyesters and 

the epoxides.  (Composite Plastics) 

Recycling 

As mentioned above it is possible to recycle thermoplastics. Shown below in Figure 2.4 is a graph of 

the degradation in the strength quality of thermoplastics after being recycled repeatedly, according 

to Rosato & Rosato, (2005). From the graph it can be seen that after one recycle the plastic holds 

upwards of 90% of its original tensile strength and upwards of 85% of its impact strength. 

 

 This ‘renewable’ property offers an interesting future for plastics as a construction material. In an 

every striving eco-friendly world the concept of a partially or fully recyclable structure or bridge 

(after it has served its life/purpose) is an interesting concept. Of course since RP’s are so relatively 

new in the construction industry this ideal remains to be seen.  

 

2.3.3 Additives  

 

According to The Reinforced Plastics Handbook, in addition to fibers and resin, additives form an 

important ingredient of FRP. An additive is a substance compounded into a plastic to modify its 

Figure 2.4  Effects on the strength of RP's from repeated recycling  
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characteristics. These additives can be substantial in quantity, some accounting for 15-20% of the 

total weight of the moulded component. Their purpose range from the simple addition of colour to 

the material, to modifying the aesthetic properties of the FRP, to more complex internal material 

property modifications.  Some additives and their functions are listed below: 

 

 Marble dust/silicon dioxide/alumino- silicate  -  enhance compressive strength 

 Antimony trioxide & alumina trihydrate  -  improve fire retardancy 

 Ultraviolet stabilizers     -  reduces UV degradation &  

discolouration 

 Thixotropes      -  thicken resin and reduce drainage 

 

2.4 Manufacturing Process 
 

There are many manufacturing process available to mass produce Fiber Reinforced polymer 

composites. The following is only a description of the main processes. 

 

Hand-lay/Contact Moulding 

The simplest of the process’s but nonetheless effective and the one on which the Reinforced Plastics 

composite industry was founded over 70 years ago. Since the process is manually operated it is very 

labour demanding and is only suitable for prototypes, short runs or large one piece components. The 

system consists of an open mould which had been created for the particular manufacturing piece 

required. The mould can be made from timber, steel, plastic or any readily available material, 

varying depending on the size and purpose of the proposed specimen. On top of this mould surface 

a release film is manually applied to assist in de-assembly. This is followed by multiple layers of 

reinforcement that are cut to suit (can be either chopped or full woven roving sheets) and resin.  

Figure 2.5   Hand-lay/Contact Moulding (CPA, 2000) 
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The resin is applied with a hand roller which makes the process very time consuming. Just before full 

curing, the component may be trimmed to shape and then released from the mould which is then 

cleaned and re-used again. Some other disadvantages of the method include: only one moulded face 

and poor weight/thickness control. (CPA, 2000) 

 

Spray/Project Lamination 

In Spray/Project Lamination, chopped fiber reinforcement and resin are applied simultaneously to 

mouldings in the form of a projected spray. While the thickness of the laminate is principally 

adjusted by the number of ‘passes’ of the spray gun, it is closely dependant on the operator. Caution 

has to be taken also with every pass to ensure the correct glass to resin ratio. 

 

 

Resin – Injection 

An injection method, which is also known as resin transfer moulding (RTM), or resin infusion. The 

system is made up matching male and female moulds (constructed either of composite or metal). Its 

composition is show below in Figure 2.7. Before casting the two mould pieces are separated, gel 

coated and the reinforcement fibers are positioned in on top of the male mould half. The female half 

is then added on top, the system is clamped together and the resin is injected using a pressure 

system. The process offers numerous advantages over the basic hand-lay and spray methods. Not 

only is the mould – tool surface replicated on both surfaces of the finished product, but also since is 

a closed mould technique, there is far better control of the resin: reinforcement ratio and therefore 

the section dimensions, thickness, weight and mechanical properties.  

The greatest advantage is the ability for this essentially very simple and inexpensive process to 

markedly improve production economies. Given a sufficient manufacturing volume, even involving 

quite massive components,  

Figure 2.6  Spray/Project Lamination Process (CPA, 2000) 



Chapter 2 – Fiber Reinforced Polymers 

9 
 

RTM can be semi-automated and use multiple tooling hence achieving production rates very 

competitive to other capital intensive, temperature based moulding techniques. 

 

 

Cold/Warm Press Moulding 

A method quite similar to the Resin Injection method, it employs the same male/female mould 

combination system but they can however be operated at temperatures up to 80°C. Moreover, the 

reinforcement and catalysed resin are placed in between the mould tools before the two are 

clamped together. Then using air or hydraulic press the moulds are combined and the finished shape 

if let to dry and cure. 

 

 

 

Figure 2.7  Resin Injection Process (CPA, 2000) 

Figure 2.8  Cold/Warm Press Moulding (CPA, 2000) 
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Vacuum Assisted Resin Transfer Moulding 

VARTM is a variation on resin transfer moulding (RTM). In this method the mould surface is set up as 

RTM with the reinforcement cut and placed in position as shown in Figure 2.9. A peel ply is placed as 

required to obtain the desired thickness of section. A vacuum bag is then placed over everything 

completely sealing off the system. A resin bath is attached to one end of the vacuum bag and a 

vacuum pump to the other. The resin is then sucked through the moulding by the pump, forming the 

desired section shape. The material is then left to dry and cure.  

 

Advantages: 

 Large components can be fabricated 

 Complex cross section components (impossible to design in steel/concrete) can be built. This 

is one of the main general advantages of FRP over conventional build materials 

 Lower tooling cost since only one mould face required. 

 

Disadvantages: 

 More expensive than its rival method pultrusion 

 Resins must be low in viscosity to be pulled along vacuum bag – possibly compromising 

mechanical propertied of finished composite 

 Several vacuums pumps needed if large sections being cast 

 

Pultrusion 

This process involves pulling rolls of material through a series of forming devices, a resin bath and 

heated dies to shape and cure the required composite shape into a solid structural member. It is a 

highly capital and material intensive process which is extremely efficient when a large quantities of 

Figure 2.9  Vacuum Resin Transfer Moulding (Hoffard & Malvar, 2005) 
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standard sections need to be produced. The manufacturing process can be seen below in Figure 

2.10.  

 

The process begins by reeling in the fiber rovings into the machine using a mechanical pulling system 

on the exit side of the machine. These rovings are then run through a resin bath before they enter 

the heated die. In here the fibers and resin are heated and formed to the required profile shape. On 

exit of the machine the lengths can be cut to customised lengths.  The profile shapes possible are 

endless with some typically manufactured ones shown below in Figure 2.11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11  Strongwell pultruded sections (Strongwell Products) 

Figure 2.10  Pultrusion Process (Strongwell Products) 



Chapter 2 – Fiber Reinforced Polymers 

12 
 

2.5 FRP Performance Properties 
 

In general the properties of FRP composites are dependent on: 

 Fiber properties 

 Matrix properties 

 Ratio of fiber to resin (Fiber Volume Fraction) 

 Geometry and orientation of fibers  

FRP composites are of course anisotropic with the strongest direction being in the direction of the 

fibers. 

 

2.5.1 Failure types  

 

The ultimate limit strength of a laminate is usually in terms of how much load it can stand before it 

suffers complete failure. The resin breaks down and the inner fiber reinforcements break, causing 

complete failure. However, before this ultimate failure occurs, a certain stress level will be reached 

where the resin will begin to crack/debond away from the fibers that are not aligned with the load 

direction. These cracks will then spread throughout the resin matrix creating voids. This is called 

“transverse micro-cracking” and is the beginning of the laminates failure process. As the ultimate 

strength of a laminate in tension is governed by the strength of the fibers, these micro – cracks do 

not immediately reduce the ultimate properties of the laminate. However, in a location near water 

or an environment containing moist air these cracks could allow the ingress of moisture into the 

resin, increasing the weight, reducing the stiffness and eventually dropping the ultimate properties. 

 

  

Figure 2.12  Stress strain relationship within FRP (GURIT) 
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2.5.2 Effects of different reinforcement layouts 

 

With each fiber layout comes its own stiffness and strength properties. In Figure 2.13 and Figure 

2.14 the effect of these various layouts on the FRP’s material characteristics can be seen. 

 

Figure 2.14  Effect of fiber layouts on material stress/strain ratio (Rosato & Rosato, 2005) 

 

 

 

 

Figure 2.13  Effect of fiber layouts on material performance and stiffness (Rosato & Rosato, 2005) 
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2.5.3  Fire Resistance 

 

The fire resistance properties of FRP composites are seen by many engineers as the single most 

critical technical barrier to the widespread use of the material in infrastructural applications. Until 

recently, only a handful of research groups have worked on this particular characteristic of FRP 

composites. The experimental testing for fire properties has not progressed as rapidly as that for the 

testing of the mechanical properties of composites. Excessive exposure to heat greatly affects the 

material properties and stiffness values of FRP’s.  The negative effect heat has on the degradation of 

the strength of composites compared to steel can be seen below in Figure 2.15. It is seen that FRP’s 

are more sharply affected by temperature increase than steel and completely lose all tensile yield 

stress at 1000˚ F (approx. 540 ˚C). 

 

According to Hollaway (2010), when exposed to high temperatures (300 – 500 °C), the polymer 

matrix will completely melt and release heat and toxic volatiles in turn. However when subjected to 

lower temperatures in the range (100 – 200 °C), the composite will soften, creep and distort and this 

often leads to buckling of load bearing FRP structures. This is clearly a strong disadvantageous aspect 

of FRP in construction and especially infrastructure and must be researched more in the future.  

The expansion of FRP composites is of course mainly dependant on the plastic resin, its type and its 

specific properties. As shown in  

Table 2.2, the coefficient of expansion for FRP is higher than that of steel or concrete; therefore in 

composite/hybrid uses of FRP with another material, a thermal analysis is an important aspect to be 

analysed.  It can also be noted that the coefficient varies with the fibre direction (fibre to resin ratio) 

as well. 

 

Figure 2.15  Strength vs temperature of steel and plastics (Rosato & Rosato, 2003) 
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Material FRP Concrete Steel 

Fibre direction (1/˚C) 17.9 x 10 -6 12 x 10 -6 10 - 13 x 10 -6 

Transverse direction (1/˚C) 18.4 x 10 -6  
 

Table 2.2 Material coefficients of thermal expansion (Shahrooz et al, 2007) 

 

Heat and cold resistance tests (Park et al, 2007) showed that the strength and stiffness of deck 

specimens rapidly decreased rapidly with increasing temperature, with almost no change seen in low 

sub-zero temperatures. FRP and steels material stiffness’ variation with temperature are shown in 

Figure 2.16. FRP is substantially more affected by heat than steel and loses all stiffness properties at 

around 200 ˚ C. 

 

 

Fiberline Composites profiles and their standard material properties are valid for a temperature 

range of -20 to +60. For temperatures above + 60, strength and stiffness values are decreased 

according to safety factors. (Fiberline Design Manual). 

 

 

 

Figure 2.16 Stiffness - temperature curves of FRP and steel at elevating temperatures 
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2.5.4 Permeability 

 

In FRP structures, it is the resin matrix that seals the composite and offers the reinforcement fibers 

protection from moisture ingress. However it is not 100% efficient at keeping out all moisture so 

additional measures need to be taken. Methods to improve permeability include: 

 Applying a thin (~3mm) polymer gel coating to the outer surface of FRP’s 

 Application of coupling agents (silanes and organo titanates), applied directly onto the fiber 

at the time of manufacture, which protect against moisture ingress.  

 

2.5.5 Creep and Stress Rupture 

 

Creep is the time dependant deformation of a material under a constant load. Since most of the 

reinforcement fibers exhibit near zero creep, the creep effect on composites if mainly denoted by 

the matrix. This in turn is influenced by a number of factors, to include: resin type, volume fraction 

of fibers (and hence resin volume fraction), orientation of fibers and bonding conditions. External 

factors such as temperature, loading, chemical action and moisture content also influence creep. 

Mainly though, the resistance to creep is dependent on the alignment of the fibers to match the 

direction of the external loading and hence minimise stress in the matrix. Other than carrying out 

creeps tests, there exists no analytical method to calculate creep behaviour for composites. 

 

2.5.6  Fatigue Strength 

 

In FRP’s fatigue is highly dependent on resin properties and laminate quality. Fatigue failure occurs 

progressively, beginning with fiber deboning and resin cracking. It is also worth noting that, unlike 

steel and metals, FRP structures can be prone to fatigue failure in both compression and tension. 

This area is still an un-researched detail of FRP’s and requires further testing, however, the general 

consensus amongst researchers is that fatigue failure in composites is generally caused by matrix 

damage, such as debonding and cracking. 

 

2.5.7  Corrosion  

 

Composites, when compared to conventional construction materials (reinforced concrete, steel, 

timber) possess a substantially higher resistance to corrosive chemical agents, making them an 

attractive solution when corrosion is a concern. For example, a comparative test was carried out by 

Russian composite manufacturer Apatech between a composite and reinforced concrete drainage 

channel, removing water from a roadway. Two years after installation the corresponding corrosive 

effects were clear, as shown below in Figure 2.17 (Apatech, 2002). The concrete channel was broken 
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and crumbled out while the composite channel had virtually no signs of disturbance, discolouration 

or surface texture disruption.   

 

2.6 FRP as a bridge deck material  
 

The history of fiber reinforced polymers in bridge design is still quite recent.  To current day, there 

are approximately 201 FRP bridges constructed in the world, 80 of them being made fully from FRP 

and the remainder from a FRP deck hybrid system (Potyrala, 2011).  

The first experiments with FRP composite bridges were carried out in China in the late 1970’s, with 

the fist FRP-deck bridge, the “Miyun Bridge” built in China in 1982. Then by the 1990’s interest in 

FRP as a construction material accelerated with the increased acceptance and demand for new 

technologies in the world. This led to a drop in costs for manufacturing FRP composites and more 

cases of FRP bridge construction began to come to light. Although FRP composites were first 

introduced into the market in Europe and Asia, the nation with the most funding and research put 

into their development has been by far the US, starting in the early 1990’s. This dominance of the 

market by the US continues in current day with 51% of all the worlds FRP bridges situated in North 

America - Figure 2.18 (Potyrala, 2011). 

 

 

 

 

 

 

 

 

Figure 2.17   Comparison of FRP composite channel and reinforced concrete channel 
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Figure 2.18 Total worldwide FRP bridges (full & hybrid decks) 



Chapter 2 – Fiber Reinforced Polymers 

18 
 

2.6.1 Manufacturer’s 

 

There are multiple commercial manufacturers worldwide who specialise in the design and 

manufacturing of FRP bridge decks, beams, slabs, columns and other engineering sections. In a 

European context, the two largest companies are Fiberline Composites A/S situated in Middelfart, 

Denmark and FiberCore® Europe, situated in Rotterdam, Holland. A lot of FRP road bridge projects 

throughout Europe have been designed and manufactured by Fiberline, while FiberCore have more 

of a monopoly in Holland and specialise in the design and manufacturing pedestrian bridges. There 

are also quite a notable number of FRP bridges built in Russia (10% of total) by ApATeCh  - Applied 

Advanced Technologies and in the U.K, by a range of different companies. In the U.S.A two of the 

biggest and most widely known are Strongwell, based in Virginia and Creative Pultrusions Inc. based 

in Pennsylvania.  

One of the main reasons why there aren’t many more of these companies is supply and demand. 

The high cost of manufacturing these composites and the low demand for their usage in a 

construction context, puts a barrier on the number of companies can make a profit manufacturing 

them. The number of FRP manufacturers will of course increase though as the awareness and 

practicalities of FRP become more aware to engineers and companies, making them more 

widespread used and hence decrease their cost even more. 

 

2.6.2 Deck Systems 

 

There are many different types of FRP deck solutions, each one having different geometric and 

physical properties and suitable for different uses. Figure 2.19 shows 5 typical bridge decks types, 

each from a different manufacturer. Each deck has had extensive research and testing, 

Figure 2.19 Various Types of FRP Bridge Decks (a) EZ-span system; (b) Superdeck system; (c) 
DuraSpan system; (d) Strongwell system (e) ASSET system (Qaleoby et al., 2007) 
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corresponding to current standards, carried out on them, before they were finally put on the market 

by these companies. 

 

2.6.3  Deck Panel Joint Systems 

 

An FRP bridge deck is composed of several sections of manufactured FRP sections joined together in 

some manner. The size of sections and mode of joining can vary depending on the design situation 

at hand. The connections between panels in decks are designed to efficiently transfer bending 

moment and shear forces, to incorporate thermal deformation and of course should have the ease 

of on-site installation. The panel joining systems can be split into two main groups, adhesively 

bonded and mechanically bonded as shown in Figure 2.20. A strong industrial glue or bonding agent 

is used to adhere the panels together in the former case, sometime with the help of a plate and a 

shear key is used for connection in the latter. 

A disadvantage of the adhesive connection is its difficulty of disassembly for repair which is an 

advantage the mechanical system has with the removable shear key. On the other hand, the 

mechanical shear key system is not as efficient as the adhesive in load transfer and cracking from 

dynamic cycle loading can be more of a problem.  

 

 

 

2.6.4 Deck/Girder Joint Systems 

 

With regard to hybrid systems, where a FRP deck is fastened to a steel girder to give composite 

action, again either mechanical or adhesive joining options are possible, with hybrid connections 

being a possibility as well. Hybrid connections usually involves the combination of concrete adhesive 

and shear studs as shown in Figure 2.21 (c). The deck-to-support connection is extremely important 

since it governs the overall behaviour of the formed superstructure.  The advantages of the adhesive 

and hybrid joints Figure 2.21 (b) & (c) are the increased ductility added to the superstructure (since 

Figure 2.20  Deck Panel Joint Systems (a) Adhesive bonding (b) Mechanical shear key (Zhou & Keller, 2005) 
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the FRP deck is brittle) and also a full composite connection is achieved. Some mechanical 

connections only provide a simply supported connection as shown in Figure 2.21 (a). 

 

2.6.5 Advantages of FRP 

 

Reduced Mass 

Typically FRP bridge decks are 10 – 20% lighter than their reinforced concrete equivalents. This 

weight reduction will save time and costs in multiple areas. Lighter pre-cast decks, means a quicker 

and easier installation with a smaller crane required to lift them. Furthermore, this will lead to 

reduced energy in transportation to site. The reduced weight also leads to a reduction in the size and 

cost of supporting or temporary structures, bearings and abutments/foundations. This can be 

especially effective with large scale bridges where self-weight is an issue and also in cases where 

foundation and supporting options are limited to a certain value, due to ground conditions or other 

such limitations. 

This is also an advantage in the rehabilitation of old bridges where dead load has to be kept to a 

minimum (due to poor foundations) or adding a cantilevered footpath onto a bridge, where less self-

weight means less support moment and stresses. 

 

 

Figure 2.21   Deck-to-girder connections for FRP bridge superstructures (a) 
Fastened connection (b) Bonded connected (c) Hybrid connection (d) Detailed 

deck-girder connection (Zhou & Keller, 2005) 
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Offsite Fabrication and on site modulation time 

Deck sections can be pre-fabricated and transported to site with ease. This improves the quality 

control aspect of bridge construction as every deck piece is guaranteed to comply with 

manufacturing specifications. This is dissimilar to in situ concrete for example where quality can vary 

from pour to pour. Furthermore the modular construction of the deck panels will significantly reduce 

build/installation times. There is no need for formwork, rebar laying and concrete pour as there is 

with an in situ deck. The manufacturing of the panels can take place concurrently with the 

substructure ground works on site. Furthermore this quick installation time will reduce traffic 

disruption and the need to closes and divert roadways. 

 

Superior Durability 

The corrosion of the encasing concrete and then the internal reinforcing steel is the main cause of 

deterioration of RC bridge decks. Rusting is a similar problem with structural steel decks which can 

be treated periodically but not fully solved by recurrent painting. The use road of road de – icing 

salts, which is particularly relevant to countries with colder climates, accelerates this negative 

decorating effect of superstructures.  Testing has shown that FRP’s are highly resistant to almost all 

known aggressive chemicals. This durable nature and superior resistance to atmospheric 

degradation is one of the main influencing factors in choosing FRP as a bridge construction material. 

This property is especially relevant for structures located in harsh environments, for example coastal 

bridge locations. 

 

Minimum maintenance & Life Cycle Cost  

FRP manufactures, claim that their products have a zero maintenance requirement throughout their 

lifespan.  All that is stated is cleaning as the only requirement. However since FRP usage in bridge 

design is relatively new, especially in heavily demanding road bridges, few case studies exist to prove 

this economic advantage. There are however some pedestrian and cycle bridges that can be looked 

at. For example: The Kolding pedestrian bridge in Denmark, which was constructed entirely out of 

FRP by Fiberline Composite, in 1997, to this date, has had zero maintenance required on it. This is of 

course only a pedestrian bridge with minimal trafficking but is situated in a coastal location and 

therefore is still a good example of the materials durable properties.  The predicted LCC savings of 

FRP bridges according to FiberCore Europe can be seen below in Figure 2.22. 
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Electrical properties 

Some forms of FRP (depending on the composition materials) can be electrically non-conductive. 

This can be an installation advantage, example if a bridging structure is located near hazardous 

power sources or power lines.   

 

Ability to mould complex forms 

Due to its multiple, versatile manufacturing methods, as previously described, the aesthetic 

possibilities of FRP decks and sections are endless.  Also using the Pultrusion process, a 

manufacturing line can be set up which can produce uniform sections rapidly and efficiently. With 

this shaping freedom supplied by FRP manufacturing methods and with more research, 

geometrically, more efficient solutions to structural problems could be found. Furthermore, as with 

other composites, the ability to choose where and how much reinforcement to place throughout the 

polymer material is possible. High and low stress regions can be designed with optimal 

reinforcement amounts, this again showing another economic benefit of FRP.    

 

Environmental 

According to Veltkamp (2012), FRP bridges have been proven to have up to 66% less of an 

environmental impact during their lifespan (production, construction & maintenance) when looking 

at a Life Cycle Analysis. Furthermore an environmental study has been carried out, comparing the 

energy consumption of a bridge built from 5 different material alternatives. The study was based on 

two separate usage groups, energy required on delivery and throughout maintenance. The former 

included factors such as energy consumed during manufacture of bridge components, 

Figure 2.20 Life Cycle Costs of different bridge types (FiberCore Europe) 
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transportation to site and also water and air pollution during installation. The latter dealt with 

painting, construction maintenance, replacement of bridge decks/components etc..   The results are 

shown below in Figure 2.21 and composites can be clearly seen as an environmental winner with 

less than half of the energy required compared to others.  

 

 

 

 

 

 

 

 

 

 

 

Recycling 

There currently exist resources where composite profiles can be fully recycled for use within cement 

manufacture. Fiberline Composites, have 100% recycling of all of their manufactured sections, where 

30% of the composite is used as an energy source and 70% as a raw material. Zajons is a German 

based company that works in co-operation with Fiberline to recycle its waste profiles, into the 

manufacturing of cement. A grinding mill reduces the composite to granulate, it is then blended with 

other recycled materials and finally used as a substitute fuel/raw material by Holcim, one of the 

world’s leading cement manufacturers. According to Fiberline, when recycling one thousand tonnes 

of Fiberline profiles in cement manufacture you save:  

 450 tonnes of coal    

 200 tonnes of chalk 

 200 tonnes of sand 

 150 tonnes of aluminium oxide 

And no dust, ash or other by products are formed in the process. 

 

 

 

 

Figure 2.21 Energy consumption (MJ) of different material type bridges (Ryszard, 2003) 
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2.6.6 Disadvantages of FRP  

 

Initial Cost 

Highway authorities responsible for the construction and maintenance of countries bridges, are 

always usually under some economic scarcity when dealing with the number of new bridges to be 

built and existing bridges to be upgraded. FRP bridges have a very high initial manufacturing cost 

which makes them quite a negative material option at a first impression. This deficiency of such a 

high initial funding always overshadows the projected life cycle cost savings that FRP bridges 

promise. Therefore, any decision to use such an expensive material must be based on specific 

project or client requirements. The initial cost of manufacturing for FRP profiles is substantially 

higher than that of conventional materials steel or concrete, so choosing to design a bridge from FRP 

is a difficult to justify initially by designers or engineers. The cost is expected to decrease as the 

material becomes more widespread used and awareness of its long term benefits are realised by 

engineers.   

 

Structural Instability 

Although a lighter deck will usually result in the reduction of the size and hence the cost of main 

girders and other superstructure and substructure features, the opposite can also be true. If the FRP 

deck system is not strong enough to act in composite action with the existing superstructure then 

the girders may have to be increased to make up for this stiffness deficiency, to prevent failure in 

lateral torsional bucking for instance. This may result in increased costs for the project and would 

deem the use of FRP impractical.  

Also, if due to the low weight of an FRP bridge, dynamic instability might be an issue, with regard to 

wind oscillation and resonance. This may require the addition of dampers or additional weights to 

increase the mass of the bridge and hence also the cost. 

 

Design Standards 

Even though there are several publications, manuals and books on the design procedures and 

properties of FRP structures in a Civil Engineering context, there is no universal widely used standard 

for engineers and its design procedures are not included in current standards such as Eurocode. This 

is a serious drawback to the possible usage of these composites in structural design. If the proper 

design properties and procedures are not included in current day standards, then engineers will of 

course opt for conventional materials instead, that they know are safe to use and have procedures 

outlined in current day standards. 
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Connections 

Shear connectors or bolts are commonly used to connect steel girders to FRP decks. The FRP deck is 

therefore penetrated and its durability, stiffness and resistance to horizontal braking forces are all 

affected. Constant research is being done on adhesive joint systems, which provide a smoother 

transition between beam and deck and therefore reduce stress concentrations.  However one 

problem associated with these adhesive type bonds, discussed by Keller and Schollmayer (2009) is 

the possible uplifting of the deck in a multi beam spanning system as shown in Figure 2.22. The 

occurrence of asymmetric loading can cause high peeling forces in these connections, which can lead 

to de-bonding of the deck from its supports. 

Railings 

Guard rails, which usually are present on most bridges, are usually fixed onto reinforced concrete 

parapets. They are cast into these for fixity but this aspect is counterproductive to the lightweight 

nature of FRP bridges. The parapets increase dead load and moreover the reinforcement in the 

concrete has to be fixed to the FRP by some means.  This often requires drilling holes and utilising 

expensive grout, which is firstly time consuming and secondly presents a durability weakness point 

in the structure.  

 

Creep & Fatigue 

Like most conventional construction materials, FRP composites are prone to creep under sustained 

long term loading. In FRP’s, almost all the creep occurs within the visco-elastic behaviour of the 

polymer resin, with minimum contribution from the glass fiber proportion.  Since creep is a function 

of the resin content, it is therefore also highly dependent on temperature and operating 

environment. Typically, maintaining stresses below appropriate working stress levels diminishes the 

occurrence of creep and its effects. 

There is very little information available on the fatigue effect of FRP composites in bridge 

engineering, so substantial further research is needed on this topic.  NCHRP (2006), however have 

shown acceptable fatigue limits values for FRP turbine blades. Cyclic loading data for the specimens 

showed failure occurring past 1 x 106 cycles. This was seen as an acceptable figure in the given 

context.  In most cases, FRP bridge decks would only be subjected to an on off traffic loading pattern 

so conditions would be less severe than that of a wind turbine and hence the respective failure 

cycles would be lower. 

Figure 2.22 Possible uplift due to peeling forces (Keller & Schollmayer, 2009) 
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Thermal effects 

Due to differing thermal expansion coefficients between resin and glass fiber, prolonged exposure to 

elevated temperatures can degrade composites, resulting in visible microcracking, blistering and air 

bubbles. These can in turn lead to reduced stiffness and increasing permeability and water ingress 

through the resin/fiber interface. The long term effects of elevated temperature are relatively 

unknown and require further research. (NCHRP, 2006) 

The freeze – thaw effect can also cause detrimental damage to FRP structures. It can cause 

microcracks, which in turn can coalesce to create cracks in the matrix and hence damage the entire 

structural system.  Also, the inevitable ingress of moisture caused from this action would contribute 

to substantially lowering of the shear strength of the material, as well as in some cases causing the 

resin to plasticize.  This freeze-thaw effect would be most critical for FRP structures situated in 

colder climate conditions. 

 

Radiation 

Polymers (resin) are very susceptible to UV radiation, with hardening of the matrix and colour 

change/loss of pigment being typical effects. Of course, thinner sections are affected much more 

than thicker ones in these scenarios. These effects are easily reduced and avoided by applying UV –

resistant coatings onto the composite or with the inclusion of special additives in the manufacturing 

process. 

 

Fire Resistance 

As previously discussed, fire resistance is probably one of the most negative aspects about FRP 

products, giving the fact that the resin component of FRP, as a product of oil, is undoubtedly 

combustible. This critical aspect has still been relatively under researched, however some tests have 

been carried out to present. Mouritz et.al (2006) studied the release of heat and other fire related 

properties of FRP composites, for example the release of toxic gases, and their decomposition rate 

under heat. The results are displayed in the following graphs in Figure 2.23. It can be noted that 

rapid decomposition of composites starts to occur after about 300°C and then at around 500°C, less 

than 10% of the structure survives. In graph (b) the relationship between the release of carbon 

dioxide and monoxide in relation to heat released (which is a function of the decomposition rate) is 

shown. Even though it has the lesser emissions quantity, carbon monoxide is a critical element here 

since its exposure can be lethal to humans (death occurring within 1hour at a concentration of 

1500ppm).  
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2.6.7 Design Literature 

 

As discussed there are no official specific standards or codes for the design of FRP structural 

sections; however some publications that are used are: 

 

EUROCOMP Design Guidelines and Handbook 

This publication is a practical design book, or more so guidelines for the construction industry which 

enables engineers to consider the use of plastic composites for structural applications.  It’s content 

and procedures are based on scientific information but the publication has no official status as a 

structural design standard. The design code contains sections for each aspect of FRP’s, including: 

material, section/member design, connection design, construction and workmanship and 

testing/quality control. It also comes with a handbook add on, which essentially supplements the 

design code by making it easier for the designer to follow the design procedures and methods. 

 

Departmental Standard BD90/05 (UK), Design Manual for FRP Bridges and Highway Structures 

A UK departmental standard collaborating: The Highways Agency (England), Scottish Executive, 

Welsh Assembly Government and The Department for regional Development Northern Ireland. It is a 

sub section of the Design Manual for Road and Bridges and contains general design procedures, 

definitions, formulas and material properties in relation to FRP structural design in bridges.  

 

Fiberline Design Manual 

 A structural design manual from Danish company Fiberline Composites, who design and 

manufacture fiber reinforced structural profiles, wind turbine components and window and facade 

Figure 2.23 a) Relationship between decomposition and temperature; b) carbon dioxide and monoxide release rates in 
relation to heat release rates of different composites (Mouritz et.al., 2006) 
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profiles. The manual contains design formulas, coefficients and profile tables for every type of FRP 

structural element as well as construction procedures and material properties. “The Fiberline Design 

Manual is a tool for architects, engineers and technicians to facilitate the design and construction of 

well-functioning structures using composite profiles” – Fiberline Design Manual. Calculations, partial 

coefficients and values contained in the manual are based on a combination of Eurocode, the 

EUROCOMP design code and Danish standards DS 456 (Dansk Ingeniörforening’s Code of Practice for 

Use of Glass Fiber Reinforced Unsaturated Polyester). It focuses mainly on the design specifications 

of their own profiles, which are all manufactured by the pultrusion process. It also contains material 

properties, coefficients, joints systems and profile tables. 

 

EN 13706-2:2002 

A Eurocode specification, solely applicable for load bearing pultuded profiles. It contains methods of 

testing and general requirements. The standard specifies the minimum requirements for the quality, 

tolerances, strength and surface of structural profiles. Shown in  

Table 2.3 is an excerpt.  

 

 

Table 2.3  Characteristic properties tested in EN 13706 

 

 



Chapter 2 – Fiber Reinforced Polymers 

29 
 

 

2.7 Notable FRP Bridges 
 

The following sections looks at some notable bridges constructed partially and fully from FRP 

composites in a European context. 

 

2.7.1 Road Bridges 

 

West Mill Bridge, UK  

  

The West Mill Bridge in Oxfordshire, UK was the first road traffic bridge to be built in Europe entirely 

from FRP. The bridges load carrying beams; side panelling and deck were all made from Fiber 

Reinforced Polymer. The cross section consists of 4 beams (520mm x 480mm) with 34 ASSET deck 

profiles glued together on top. It was assembled in a temporary factory set up on site.  

Designer: Mouchel Consulting, U.K 

Manufacturer: Fiberline Composites, Denmark 

Construction: Skanska UK 

 Year: 2002 

 Full FRP 

 Deck: ASSET profile, span 10m, width 6.8m 

 Total weight: 37 ton 

 Vehicles up to 46 ton 

Figure 2.24 Installation of West Mill Bridge, U.K 
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A27 road bridge Lunetten, Holland  

 

Designer: FiberCore Europe, Holland 

Manufacturer: FiberCore Europe, Holland 

Contractor: Heijmans, Holland 

 Year: 2012 

 FRP/steel hybrid 

 Span 140m, width 6.2m 

 72.8 ton weight saved on the deck 

 Carrying capacity: vehicles up to 60 ton 

 

2.7.2  Pedestrian Bridges 

 

Havenbrug Harbour Bridge, Holland 

Designer: FiberCore Europe, Holland 

Manufacturer: FiberCore Europe, Holland 

 Year: 2012 

 Full FRP design 

 Spans 19.4 & 12m, Width 1.52m 

 Craned into position in one lift 

Figure 2.26  FiberCore Europe InfraCore Inside Technology  

Figure 2.25 A27 Lunetten FRP hybrid bridge 
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Kolding Bridge, Denmark 

Designer: Ramböll Denmark/Fiberline Composites, Denmark 

Manufacturer: Fiberline Composites 

 Year: 1997 

 Spans, 27 & 13m, Width, 3.2m 

 First FRP pedestrian bridge to cross a railroad 

 Fitted with measuring devices 

 Expected life 100yrs 

 

 

Ref: Fiberline Composities A/S  

 

2.7.3 The Future of FRP in bridge engineering 

 

With FRP unique properties, especially its lightweight nature, the possibilities for it futures uses are 

endless.  Shown below in Figure 2.28 is an architect’s impression of the potential shapes and curves 

to which FRP could be moulded to and incorporated into a bridge design. (Kendall, 2010) 

 

 

 

 

 

Figure 2.28  The future of FRP in bridge engineering 

Figure 2.27 Fiberline bridge Kolding, Denmark  
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3 Case Study - Friedberg Bridge 
 

 

 

 

 

 

 

 

 

 

 

3.1 General  
 

A 20 meter free span frame bridge, comprising of two steel girders and covered with a multi cellular 

FRP deck (ASSET profile) and manufactured by Danish company Fiberline Composites. The bridge 

serves a small country lane and was built over the B3 highway at Friedberg, in the state of Hessen, 

Germany in 2008. The bridge was designed by the Stuttgart based Knippers Helbig Consulting 

Engineers while on site contracting was done by LS-Bau.  Hessen state highway authority is the client 

and owner of the bridge. 

 

3.2 Objective 
 

According to Knippers & Gabler (2008), in 2004 the German government spent €300m on 

maintenance for the bridges of the federal motorways only, owing approximately 40% of it for 

damages in concrete bridges, with the main problematic areas being corrosion of reinforcement, 

chloride contamination and cracking. In recent years, the Hessen Road and Traffic Authority have 

extended its view on life cycle costs and new technologies to help decrease these staggering periodic 

costs to a minimum. Given its above average volume of traffic, a motorway road in the state of 

Hessen was an apt location to show the long term economic benefits of these new technology FRP 

bridge decks. The Friedberg, FRP Bridge would become the first FRP/steel hybrid road bridge 

constructed in Europe. 

 

 

Figure 3.1  Friedberg Bridge (Fiberline Composites A/S) 
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3.3 Location & traffic  
 

The Friedberg Bridge crosses the B3 highway in Hessen, Germany. Hessen is one of the busiest states 

in terms of traffic volume, mainly due to the busy city hub of Frankfurt and its airport, the third 

busiest airport in Europe, located right in the middle. Friedberg is a small town located 40km north 

of Frankfurt. The traffic density on the B3 highway was one of the biggest reasons why The Hessen 

State Road Authority opted for the FRP deck solution. It provided a means to which to minimize the 

highway closure times during construction and hence prevent mass traffic disruption and road 

detouring.  

 

3.4  Geometry 
 

3.4.1  Cross section 

 

Looking at the cross section, the bridge is made up of a 5m wide, 225mm thick FRP ASSET deck 

transversely spanning onto 2 steel I girders, running longitudinally along the bridge span. The deck is 

adhesively bonded to the beams, by SikaDur bonding agents, creating full composite action between 

the two. The deck is split into a 3.5m roadway with 0.75m parapets, acting as footpaths, running on 

either side. 

 

 

 

Figure 3.2 Bridge Cross Section (Knippers & Gabler, 2008) 
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3.4.2 Longitudinal section 

 

 

 

Longitudinally the bridge geometry is shown in Figure 3.3. The two main bridge beams which are the 

main superstructure supporting the bridge deck, are tapered along the length, beginning with 

900mm at the supports to 625mm at midspan, creating a free span length of 20m. The beams/deck 

are resting on abutments at either end, where here the loads are then carried down to the 

foundations, measuring 7m in width. The overall height of the abutments can be estimated at 8.3m.  

The longitudinal steel girders are cast into the concrete abutments at either end, creating a frame 

type structure. The structure is then backfilled in to the levels seen in the figure. 

 

3.5 ASSET Deck Profile 
 

3.5.1 General 

 

The deck system used in the Friedberg bridge was Fiberline’s FBD600 ASSET profile. ASSET stands for 

Advanced Structural SystEms for Tomorrows Infrastructure and was a European Commission funded 

research and testing project, carried out from 1998 – 2002, that terminated with the production of 

an advanced composite bridge deck profile capable of withstanding standard bridge traffic loading. 

An isometric view of the proposed bridge solution from Knippers and Helbig is shown below in 

Figure 3.4. 

 

      

 

 

 

 

 

Figure 3.3  Longitudinal Section (Knippers & Gabler) 

Figure 3.4  Isometric view showing deck detail (Knippers et.al. 2009) 
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The ASSET profile consists of a trapezoidal cross section array of FRP plates, created by the 

pultrusion process. Typical dimensions can be seen in Figure 3.5. The web and flange plates each 

have different thicknesses and hence different material and structural properties. Their properties 

were of course maximised is the ASSET research program. Their adhesively bonded nature can also 

be seen in Figure 3.5. Sections are typically pultruded in 1-1.5m width and then bonded together as 

shown.  

 

3.5.2 Deck structural behaviour 

 

The structural behaviour of the FRP deck can be seen below in Figure 3.6. The load transferal from 

between the flange and the webs can be noted as truss action, with tensile and compressive forces 

in the diagonals. The components of these forces will create force couples along the flanges of the 

deck, hence resulting in local moments in the top and bottom flanges. 

 

These can be visualised in Figure 3.7. As a result of the force couple layout, the peak moments will 

be observed at the intersection between the flanges and webs - therefore these are the critical 

stress accumulation points in the deck structure.  

Figure 3.6  Force distribution 

Figure 3.7  Forces resulting from moment couple in deck 

Figure 3.5 ASSET dimensions and joining technique 
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3.5.2.1 Testing 

 

Since the ASSET profile was developed within the scope of an EU-research project, extensive load 

testing had been already carried out on it during its development process. The following refers to 

tests that were carried out at EPFL (École Polytechnique Fédérale De Lausanne), Switzerland.  

 

Adhesive testing 

For the tests of the adhesive joints, tension and shear tests were performed on small FRP test 

specimens, with the failure always occurring within the FRP material not the adhesive or the 

interlayer. A failed specimen is shown in Figure 3.8. 

 

 

 

 

 

 

Deck compressive testing 

The load bearing behaviour of the deck under compressive loading lateral to the pultrusion direction 

was tested. A 750 mm x 600 mm section of the deck was tested in an uptight position under central 

loading (Figure 3.9). The buckling appeared within the reinforcing layers of the overlap joint between 

the individual elements. An optimization of the cross section in these areas increased the 

compressive strength perpendicular to the direction of pultrusion. 

Figure 3.9 Compression testing of ASSET profile (Knippers et.al) 

Figure 3.8 Adhesive tensile testing 
(Knippers et.al , 2009) 

http://www.epfl.ch/index.en.html
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Composite action testing 

The composite action between the deck and girder was tested with inter-laminar failure occurring at 

the nodes of the tension loaded webs, due to local deflections of the stresses at these points (Figure 

3.9). 

 

Concentrated wheel load testing 

The concentrated wheel loads from traffic are critical for the thin walls of the FRP deck. However the 

polymer surfacing layer and the top flange of the FRP deck are assumed to be in composite action, 

so the total stress is distributed over a larger area. In every test the FRP deck failed before the 

polymer concrete. The specimens with a 30mm layer of polymer concrete were found to have 

double the load bearing capacity than the ones without. Thus, the polymer concrete layer plays an 

important role in the detail design of the bridge deck. 

Figure 3.11 Shear testing of ASSET deck with polymer concrete surfacing layer (SEI, 
2010) 

Figure 3.9 Composite action test of main girder according to EC4 
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3.5.3 Manufacturing & assembly 

 

The bridge deck was designed and manufactured by Fiberline Composites A/S, situated in 

Middelfart, Denmark. The ASSET deck was created using the pultrusion process and was partially 

glued together and assembled at Fiberline.  5m x 1.5 m courses were then transported to Germany 

to the assembly warehouse, which was located 20km from the bridge construction site. The 

warehouse allowed for protection against weathering and guaranteed optimal working conditions. 

The steel I beams were already welded and coated with protection on delivery to the assembly hall. 

The FRP deck segments were then grinded and cleaned before being glued together to form the 20m 

span and then finally to the girders. SikaDur 30 DUE and SikaDur 330 products were used to provide 

a full bonding connection. The parapets were then also glued on top of the deck and finally a 45mm 

thick layer of polymer concrete was applied onto the FRP deck. This assembly procedure was able to 

be carried out within one week. 

 

 

 

 

 

 

 

 

3.5.4 Transportation & Installation 

 

The bridge superstructure, now a single 20m combined unit, was transported to the building site on 

a low platform trailer. Early one morning, it was lifted onto the bridge abutments using two truck 

mounted cranes within two hours. The motorway was able to be kept open and all that was then left 

to do was fill in the areas near the abutment and install the railing. Some photos of the 

transportation and installation process can be seen in Figure 3.11.

Figure 3.10 Assembly of superstructure 

Figure 3.11 Transportation & Installation of superstructure 
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4   Structural Analysis 

4.1 General  
 

Two separate designs of the Friedberg bridge were carried out for the purpose of a comparative 

study, to evaluate FRP’s effect on the structural behaviour of the bridge. The first model was of the 

FRP deck as a structural solution, as it is in reality, bonded onto the 2 steel girders and connected 

into the concrete abutments.  The second and hypothetical design is of a reinforced concrete deck, 

with the same supporting superstructure underneath. It is assumed that shear studs provide the 

joining mechanism between the steel girder and the concrete slab in this model. 

 

4.2 Modelling on LUSAS 
 

The structural analysis was carried out on LUSAS (London University Stress Analysis Software), a 

popular finite element modelling software widely used by engineering consultants to design bridges, 

tunnels and other complex structures. 

 

4.2.1 Supporting structure 

 

The supporting structure for the two deck options were the same for both (Figure 4.1). It consisted 

of two steel I girders, modelled as 3 separate (2 flanges & 1 web) connected shells elements. Shell 

elements were chosen, over beams, to achieve full compatibility and load transfer with the deck 

shell elements, and hence model full composite action. Two cross beams measuring 500mm x 

2400mm x 50mm were placed at the third and two thirds locations along the lengths of the I girders 

providing  lateral stability to the structure. In reality these exist along the bridge but are smaller and 

weaker. They are necessary in the LUSAS model to prevent lateral torsional buckling and to aid in 

outputting accurate results in the static and dynamic analyses. 

 

Figure 4.1 LUSAS modelling of the support structure 



Chapter 4 – Structural Analysis 

40 
 

Girders 

The I girders dimensions are shown in Figure 4.2. They are representative of the actual dimensions, 

except that in reality the bridge girders are optimized for moment capacity by tapering them from 

900mm at the abutments to 625mm at midspan. Again, to simplify the problem and given the fact 

that a comparison only between the two deck systems was required; the girders were kept at a 

constant height of 900mm throughout. 

 

Boundary conditions 

The ends of the I girders are cast into concrete abutments, creating a fixed end reaction. The bridge 

therefore acts together with the abutments and foundations, as a rigid frame structure. The 

abutments were not modelled in LUSAS, as they are irrelevant to the purpose of the study.  Instead, 

to model these rigid connections, the ends of the girders shells were fully restrained, in moment and 

displacement, as shown in Figure 4.3. 

Figure 4.2 Steel girder dimensions 

Figure 4.3 Girder end restraints 
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Beam/deck interaction 

The two joining systems; adhesive bonding between the steel girders and the FRP deck and the steel 

stud connection between the steel girders and the reinforced concrete deck were modelled in the 

same manner in LUSAS. Since full rigid composite action is occurring in both, a tied mesh restraint 

was used to connect the top flange of the two girders to the underside of the concrete and FRP 

decks. The surfaces of the two deck options had to be split transversely, in order to provide a 

500mm clear surface to “adhere” to the top flange of the girder (500mm wide). Tied mesh restraint 

implies that any action the above surface experiences, will be fully transferred to the underlying one. 

 

Meshing 

A suitable deck mesh, with reference to the longitudinal direction, would have been around 200mm, 

since this is the distance between the diagonal webs in the FRP ASSET deck. A convergence check 

was carried out however to find a suitable size that would output accurate results but also had a 

reasonable CPU time. This was found to be 100mm and for simplicity an isotropic mesh was applied 

throughout the bridge structure.  

 

4.2.2 FRP Deck Model 

 

 

 

 

 

 

 

 

 

 

The FRP deck was modelled as multiple shell surfaces in LUSAS and then they were assigned their 

corresponding material properties and thickness’s. The deck was modelled using the characteristic 

properties of the ASSET profile provided by Fiberline composites A/S. The orthotropic nature of the 

deck can be seen in Figure 4.5 .  

Figure 4.4 FRP bridge isometric view 
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For simplicity the inner webs of the deck were given the same material properties, corresponding to 

an average value in between the inner and outer plates properties. The material properties for each 

plate are shown in Table 4.1. 

 

 

 

 

 

 

 

 

 

 

 

One point to note about the modelling of the deck profile is the sharpness of the corners between 

the flange and webs. The real deck has curved surfaces at these connection points, refer to Figure 

4.6. The modelling of the deck without these curved corners will results is a slightly higher stress 

accumulation at these points than in reality.  

 

 

 

 

Property Flange 
plates 

Outer web 
plates 

Inner web 
plates 

Elastic modulus Ex (MPa) 23000 17300 16500 

Elastic modulus Ey (MPa) 18000 22700 25600 

Shear modulus Gxy (MPa) 2600 3150 2000 

Shear modulus Gxz (MPa) 600 600 600 

Shear modulus Gyz (MPa) 600 600 600 

Poissons ratio vxy 0,3 0,3 0,3 

    

Tensile strength - x (MPa) 300 180 213 

Tensile strength - y (MPa) 220 255 255 

Table 4.1 FRP plate properties (Fiberline Composities A/S) 

Figure 4.5   ASSET component properties (Fiberline composites A/S) 
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The longitudinal and transverse sections of the FRP bridge model are shown in Figure 4.7 and Figure 

4.8 respectively. The FRP deck consisted of a 3,5 m wide single traffic lane with 0,75m wide parapets 

either side. As the speed limit on the roadway is limited to 50 km/hr. these parapets double as a 

kerb/edge beam system and as a walkway across the bridge for passengers. The parapets were 

modelled to the exact same dimensions as the main deck slab and were rigidly connected to it by 

means of a tied mesh. 

 

 

 

Figure 4.6 Comparison between deck modelled and reality 

Figure 4.7 FRP bridge longitudinal section 

Figure 4.8 FRP bridge cross section 
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4.2.3 Concrete Deck Model 

 

To acquire a comparison study, an alternative deck model was required and was chosen as 

reinforced concrete since steel girders with a concrete deck is the most common and efficient type 

of composite bridge structure.  

 

The transverse section of the concrete bridge used in the LUSAS modelling is shown below in Figure 

4.10. Typical reinforced concrete slabs for bridge deck are in the range 200 – 300mm depending on 

certain criteria, therefore a slab thickness of 225mm was assumed. Normally the bridge slab would 

taper from its thickest point, under the road lane, out to a thinner section at the parapets. This was 

simplified in the LUSAS model, just by decreasing the slab directly from 225mm to 175mm with a 

step. To make the two deck designs similar, in at least a operational manner, as much as possible, 

the same 3,5 m lane width with 0,75m parapets either side was chosen. No concrete edge beams are 

included in the LUSAS model but are included later in the LCC & LCA calculations. The idea was that 

the edge beam volume is represented by the excess concrete volume from the square slab step.  The 

longitudinal section of the concrete bridge is the same as the FRP solution.  

Figure 4.9 Concrete bridge isometric view 

Figure 4.10 Concrete bridge cross section 
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The LUSAS model is of course a simplification of reality for more ease of modelling. In reality the 

deck volume of concrete would be used in a more economical manner, optimising its underside 

shape and with the inclusion of edge beams.  One of these typical deck designs can be seen below in 

Figure 4.11. 

 

 

4.2.4 Loading 

 

Note: In accordance with Eurocode specifications, for all permanent and variable loads a factor of 

safety/coefficient of 1.35 was used for ultimate limit state calculations and 1.0 for serviceability limit 

state. 

 

Traffic loading 

The traffic loading was applied the bridge according to Eurocode (EN 1991-2 Traffic loads on 

bridges). This consists of the loading types and their quantities shown below in Table 4.2. 

 

 

 

 

 

 

 

 

Load Type Load UNIT Detail 

Pedestrian 5 KN/m2 Parapet area 

Live Deck Lane 1 9 KN/m2 Deck area 

Live Deck Lane 2 2,5 KN/m2 Deck area 

Table 4.2 Eurcode Traffic Loading 

Figure 4.11 Typical concrete deck cross section 
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The bridge deck, which has common cross section dimensions for both models, was then divided up 

into lanes with a parapet/footpath either side. The traffic loads or live loads were then applied to 

the deck, in their respective positions, as shown in Figure 4.12. The uniform live loading is designed 

to output a worst case torsional bending case, with one side having a lighter load than the other. 

 

 

 

Moving Load 

To model an industrial vehicle moving along the bridge,  LUSAS moving load function was utilised. 

This is where a load arrangement, in this case mimicking a vehicles axle loading, can be inputted and 

moved along a reference line. Using Eurocode specifications (EN 1991 – 2 Traffic loads on bridges) 

the arrangement shown in Figure 4.13 was assembled. In each black square shown, a wheel load, 

equivalent to 150KN, was applied. The load was then moved along the bridge along the moving load 

line - set of centre for worst torsional moment.   

 

 

Figure 4.12 Transverse traffic loading diagram according to Eurocode 

Figure 4.13 LUSAS moving load function dimensions 
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Load Combination 

These loads were then combined using LUSAS’s load combination function to find the worst case 

loading positions for different outputs (i.e. max moment, deflection etc...). Due to the simplistic 

nature of the bridge this was obviously achieved by placing the moving vehicle load at midspan 

longitudinally along the bridge and combining it with all UDL transverse loads, as in Figure 4.14. 

 

 

 

4.3 Results 
 

4.3.1 Figure Verifications 

 

The first results that were verified from the LUSAS models were the end reactions of each bridge 

design. The outputted values were compared against simple hand calculations, that were carried out 

on excel spreadsheets. The values were checked in two loadcases, self-weight only acting on the 

structures (Table 4.3) and self-weight combined with worst case traffic loading case (Table 4.4). 

 

Concrete FRP 

Reaction LUSAS Hand % difference LUSAS Hand % difference 

R1 (KN) 202 201.5 0.25 70.65 70.14 0.72 

R2 (KN) 202 201.5 0.25 70.65 70.14 0.72 

R3 (KN) 202 201.5 0.25 70.65 70.14 0.72 

R4 (KN) 202 201.5 0.25 70.65 70.14 0.72 

Table 4.3 End reaction verifications, self-weight loadcase  

Figure 4.14 Longitudinal worst case vehicle load position 
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From both cases a very small difference was seen between the LUSAS figures and the excel 

spreadsheets figures. 

 

4.3.2 End Reactions 

 

Once the LUSAS outputs results were verified, a comparison was then able to be made between the 

concrete end reactions and the FRP end reactions. Due to the low density of the FRP deck, the 

reactions were reduced by 65% compared to concrete in self-weight and by 25% in the critical 

loadcase scenario. The results are tabled below (Table 4.5).  

 

4.3.3 Deflections 

 

From LUSAS contour plots (Appendix B) the maximum deflection was found to occur at midspan, off-

centre due to the moving vehicle loading, for both models. Note:  this analysis was designed at 

serviceability limit state, therefore all the loading was inputted at with a load safety 

factor/coefficient = 1.0.  

 

Loadcase Concrete FRP % Reduction 

Self-Weight (mm) 5.07 1.98 60.9 

Self-Weight  & Live Loading (mm) 18 17.38 3.4 
Table 4.6 Deflections at midspan 

Concrete FRP 

Reaction LUSAS Hand % difference LUSAS Hand % difference 

R1 (KN) 793 785 1.01 617 608 1.46 

R2 (KN) 647 648 0.15 468 471 0.64 

R3 (KN) 638 648 1.57 458 471 2.84 

R4 (KN) 789 785 0.51 602 608 1.00 

Table 4.4 End reaction verification, SW & live loading loadcase 

Loadcase Concrete FRP Difference % 

Self –weight (KN) 202 70 132 65 

SW & Live Loading (KN) 717 536 180.5 25 

Table 4.5 End reaction comparison for loadcases  
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It can be seen that due the very low material self-weight of FRP, it saved up to 60% in maximum 

deflection values when compare to the concrete model. Hand calculations were also done to verify 

the self – weight output values from LUSAS. This can be found in Appendix B. All values are deemed 

satisfactory when compared to such limiting figures as: 

    

   
     =      

   
      

 

4.3.4 Girder Stresses 

 

The maximum tensile stresses at the extreme fibers of the I girders (i.e. @ top and bottom flanges) 

were checked on LUSAS. These are located at the points of maximum bending tension, therefore at 

the bottom flange in midspan for the maximum sagging moments and at the top flange at the 

support for the maximum hogging moments. These results are shown in Table 4.7 below. 

 

 At Support At Midspan 

 Self-Weight SW & Live Loading Self-Weight SW & Live Loading 

Concrete (MPa) 62 270 17 101 

FRP (MPa) 21 210 6 88 

% reduction 66 22 65 13 
Table 4.7 Maximum girder stresses  

 

These values were all below the tensile yield strength of the chosen steel grade (S355 steel). To 

verify the LUSAS stress outputs, hand calculations were again carried out. An excel spreadsheet was 

set up to calculate the composite section properties of the two bridges designs and then output final 

stresses. Verification results at particularly chosen nodes in the LUSAS model, compared to their 

hand calculated equivalent, can be found in Appendix B. There are of course inaccuracies but this is 

due to mass simplifications and experimental error.  

The composite stress profile graphs outputted from LUSAS can also be found in Appendix B. The 

position of the neutral axis can be read from these and the differences between the FRP and 

Concrete profiles seen. 

 

4.3.5 FRP deck plate stresses 

 

The maximum stresses in the FRP deck plates (flanges and webs) were checked against their limiting 

values. As shown below in Table 4.8, the observed stress values in the plates were substantially 

under their limiting values from Table 4.1. In the worst case, the safety factor of the flange plate was 

still 5. Refer to Appendix B for the LUSAS contour plots of maximum FRP shell stresses. 
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Property Flange Plates Web Plates 

Max Stress x direction (MPa) 64 17 

Tensile Strength (MPa) 300 213 

Safety factor 5 13 

Max Stress y direction (MPa) 78 7 

Tensile Strength (MPa) 220 255 

Safety factor 3 36 
 

 Table 4.8 Critical tensile stresses in the FRP plates  

 

4.3.6 Dynamic analysis 

 

A basic dynamic analysis was carried out with a comparison of both models eigenvalues and mode 

shapes from LUSAS. The mode shapes of both models can be found in Appendix B. The results of the 

mode shape frequencies are shown in Table 4.9. 

 

 

 

Table 4.9 Mode shape frequencies (Hz) 

These results of course reflect the relationship:  

                        √
 

 
                            where:  k = stiffness;  m = mass 

The FRP design has a much lower mass than concrete therefore a higher natural frequency and 

subsequent ones as well. It can be note that both models have the same first and second type mode 

shape, torsional and vertical respectively, but then begin to differ as the frequencies get higher. 

There is a slight discrepancy in mode 3 however, where there is a torsional mode for FRP very near 

its second mode. This does not exist in the concrete model where its mode 3 is horizontal.  

The high presence of torsional failure modes in both models, seemingly more so the FRP one could 

be explained with inadequate lateral stability provided in the LUSAS model.  Two thin intermediate 

“cross plates”, were implemented in the bridge model and thought to be substantial for such a short 

span bridge. 

Mode Concrete FRP 

1 7.42 (tors) 10.06 (tors) 

2 8.4 (vert) 13.17 (vert) 

3 15.46 (trans) 13.54 (tors) 

4 16.52 (tors) 18.98 (trans) 

5 17.87 (vert) 20.06 (trans) 

6 18.87 (trans) 21.87 (tors) 

Bending Modes 

tors = torsional  

vert = vertical 

trans = transversal 
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5 Life Cycle Cost Analysis 
 

5.1  Life Cycle Cost Analysis 
 

Bridge’s, in general, are normally planned to have a service life of between 80-120years, varying 

depending factors such as location, function, cost, traffic density and several more. The main cost 

involved in bridge construction is of course the initial design and build of the structure and this is 

paid by the owner. However costs also occur during the life of the bridge and these can be on the 

owner, user or society in general.  

 

5.1.1 The cost hierarchy 

 

The cost hierarchy contained in a Life Cycle Cost Analysis can be seen below in Figure 5.1. It shows 

the distribution of different costs and their bearer, from a bridges construction through to its 

demolition.  

 

Figure 5.1 LCC hierarchy 

 

The agency cost is the cost applicable to the owner of the bridge. They have to pay all initial costs of 

planning and design, construction as well as the bridges periodic O&M costs over its lifespan. The 

cost of disposing the bridge at its end of life is also included under agency costs.  

User costs are all costs incurred by the user of the bridge. Bridges are public use property and 

therefore their operation/condition status, affects the public who use it. Costs here include traffic 

delay and vehicle operating costs due to roadworks on a bridge or motorists having to use a detour 
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route instead, hence increasing their travel time.  Accident costs are also included here, which brings 

into question the costs incurred by the loss of life in accidents.  

Finally society costs are represented by aesthetic and cultural value and environmental impact. The 

former is associated with the association of citizens with a bridge as a monument or cultural icon or 

does the bridge fit in with the aesthetic surroundings. The latter is the bridges effect on the 

environment which is covered later in a life cycle assessment analysis. (Chapter 6) 

 

5.2  LCC Analysis Method – Net Present Value Method 

5.2.1  General 

 

The next step in the feasibility analysis of the FRP bridge was a Life Cycle Cost analysis to assess the 

economic impact of this new technology material against the classic steel/concrete composite 

solution.  FRP bridges manufacturers and designers claim that their bridges have zero maintenance 

costs over their lifetime. All they require is regular cleaning and standard overlay applications at 

regular intervals. This is still quite an unknown though, since this type of bridge is relatively new (last 

20 yrs), so the full effect over their entire lifespan had yet to be observed. For the purpose of this 

research thesis, some hypothetical maintenance situations were accounted for and will be discussed 

in later sections. 

 

5.2.2  Net Present Value Method 

 

Giving the large time span of most bridge life cycle cost analyses (up to 100yrs), the time value of 

money and how it fluctuates year after year is one of the most critical elements of LCC. The most 

common way of solving this and comparing past, present and future costs, is to use the Net Present 

Value (NPV) method. Here a discount rate is used to account for the “time value of money” and 

calculate all costs to present day values. The following equation is used to calculate the bridge 

owner costs (Sundquist & Karoumi, 2009): 

Owner Cost 

     ∑
  

(   ) 

 

   

                                                        

Where:  

  NPV  life cycle cost at present value 

  n year considered 

        sum of all cash flows in year n 

  r the discount rate 

  L service life span   
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Bridge User Costs 

The user costs for bridge are mainly - traffic delay costs, additional vehicle operating costs and 

related accident costs. However for the bridge in question, the accident costs were omitted. This is 

mainly for simplicity, but also, due to the low speed limit (50km/hr.) on the bridge road, short span 

and single lane capacity of the bridge, it is improbable that any substantial traffic accidents, 

accounting for serious damage to people or vehicles, will occur during the lifetime of the bridge. 

The user cost formula can therefore be expressed as: 

                                                  

Where: 

                            

                              

 

Traffic delay cost 

Traffic delay costs involve an increase in travel time through the bridge, or an increased distance as a 

result of a detour, due to work occurring on the bridge. This can either be at the construction stage 

or during maintenance throughout the bridges lifespan. The traffic delay cost can be calculated from 

the equation below. 

 

      ∑ 

 

   

               (     (    )  ) 
 

(   ) 
                                 

 

Where:  

 T  is the travel time delay for one vehicle in the case of a work zone (hours) 

      is the average daily traffic at time t (vehicles/day) 

    is the number of days needed to perform the work at time t (day) 

    is the percentage of trucks from all ADT 

    is the hourly time value for one truck 

    is the hourly time value for one passenger car 

 L is the alternative expected life span 
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Vehicle operation cost 

Vehicle operation cost is the additional cost occurred to operate a vehicle, due to increase travel 

time resulting from traffic delays or a detour. This includes fuel, engine oil, lubrication, maintenance 

and depreciation. The vehicle operation cost can be calculated from the following equation: 

 

      ∑ 

 

   

               (     (    )  ) 
 

(   ) 
                                 

Where:  

     is the average hourly operating cost for one truck including its goods operation 

     is the average hourly operating cost for one passenger car 

 

 

5.2.3  LCC Simplifications 

 

As a direct comparison between town separate materials was the required end product of this 

paper, some aspects of the LCC analysis were omitted. It was unnecessary to include all fine details 

that would be included in a total LCC analysis. The results are still valid as these minor details were 

omitted from both the concrete and the FRP designs.  

Discount rate 

The discount rate was taken as 4% throughout, which is a simplification. There are many factors that 

affect the value of the discount rate but were excluded. The real interest rate, taking all factors into 

account would be called “calculation interest rate”.  

Traffic growth rate 

Due to factors such as population growth and economic prosperity, the traffic volume on bridges can 

increase with each year. For a full analysis, future or predicted ADT should be obtained and 

accounted for. 

Accident costs 

As stated previously, these were deemed improbable given the road conditions and therefore their 

effect on the total LCC would be minimal. 

Failure Cost 

Probabilistic analysis of failure of the bridge models. Excluded for both. 
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5.3  LCC Inputs and Parameters 
 

5.3.1  Raw materials 

 

Concrete Model 

Unit cost for concrete, steel reinforcement and structural steel were taken from Wikells 

Sektionsfakta 10’/11’, pricing book for housing construction in Sweden.  

FRP Model 

The Unit manufacturing cost of Fiberline’s ASSET profile was found from direct contact with the 

company. The unit price was 11.27 EUR/kg. 

 

5.3.2 Construction 

 

The calculating of construction rates and prices is one of the most difficult parts of Life Cycle Cost 

Analyses. This is because costs vary greatly from contractor to contractor, from the size of the 

project and of course from country to country. Therefore due to lack of reliable data for construction 

costs of either a reinforced concrete deck bridge or a FRP bridge, a simplification  was made. The 

construction cost for both options was assumed as a percentage of the overall material cost. This 

started at 30% but was varied in the sensitivity analysis. Of course though, the 

construction/installation cost of the FRP deck bridge would be much less than that of the concrete 

bridge but this figure was assumed to include also: the cost of transporting the FRP deck from the 

factory in Denmark to the assembly site in Germany, the cost of bonding and assembling the deck to 

the steel girders and the costs of the two truck mounted cranes needed to install the structure on 

site. 

 

5.3.3 Inspections 

 

Bridge inspection regulations vary from country to country. There are 4 main types of bridge 

inspections when discussing the matter in a Swedish context.  The following are the scope and 

details of bridge inspections in Sweden. (Trafikverket, 2013) 

 

Yearly Inspection 

This annual inspection is quite brief and is mainly to verify that the maintenance of the bridge has 

been correctly carried out.  
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General Inspection 

Inspection carried out every 3 years on most of the bridge elements other than underwater 

elements. The purpose is to check for structural damages, (ie: cracks, faults) and also to follow up on 

the previous main inspection carried out and assess damage that was not fixed at that point. 

Main Inspection 

A thorough structural inspection of the entire bridge, carried out every 6 years, designed to detect 

and assess deficiencies that may affect the structure or function of road safety within a decade. 

Inspection examples are: crack inspection, chloride and carbonation in concrete, corrosion of 

reinforcement, bearings and seals. 

Special Inspection  

Special inspection made on request if a particular element of the bridge is required to be examined 

in detail or measurements need to be taken (e.g.: underwater inspection of the foundations). 

Specialists can be required to perform the measurements/inspections. 

The types of inspections, with their respective intervals and approximate costs are shown in Table 

5.1. 

 

 

 

 

 

 

Since these inspection costs and intervals are independent of bridge type, at least for the purpose of 

this study, they were kept constant for both the concrete and FRP design options. 

 

5.3.4  Maintenance Activities 

 

The actions shown below in  

Table 5.2 are the maintenance activities for the concrete bridge, FRP bridge and also those common 

to both. The common costs are unnecessary in the general comparative cost between the two 

design options but were included for the sake of outputting a more realistic figure for the total 

bridge cost. The costs (except FRP) are taken from Trafikverket’s manual on bridge maintenance 

while the intervals have been averaged and aggregated from multiple papers and theses. It is 

difficult to put fixed intervals on these activities since they are very dependent on the bridge type, 

location, and governing body. 

Type Performed every (yrs) Cost (kr) 

Yearly  Inspection (Översiktlig inpektion) 1 1000 

General Inspection (Allmän inpektion) 3 5000 

Main Inspection (Huvud inpektion) 6 10000 

Special Inspection (Särskildinspektion) when required - 

Table 5.1 Bridge inspections frequency and cost (Trafikverket, 2013) (costs: multiple sources) 
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Task Performed every (yrs) Unit Cost (kr/unit) 

Common activities    

Cleaning of bridge structure 1 m2 250 

Beam repainting 20 m2 1700 

Railing repainting 15 m 1400 

Railing replacement 50 m 3100 

Wearing course replacement 10 m2 800 

Concrete Bridge    

Concrete deck repair > 30-70mm 25 m2 2200 

Edge beam sealing 10 m 330 

Edge beam reparation > 30-70mm 15 m2 5800 

Edge beam replacement 30-50 m 10800 

FRP Bridge    

FRP Deck Joint Repairs vary m 318 

Parapet Replacement vary m 6360 

 

Table 5.2 Bridge maintenance & replacement actions (Trafikverket, 2013) (intervals: multiple sources) 

 

For the concrete model, typical values of necessary maintenance activities were chosen. The most 

critical element to the total periodic cost of the concrete model is the replacement of the edge beam 

With regard the FRP costing, Fiberline’s unit manufacturing price (11.27 EUR/kg) and an assumed 

fraction of this price (5%) were chosen for the parapet replacement and FRP deck joint repair 

respectively. As mentioned previously the maintenance of FRP bridges is still quite at quite an 

unknown quantity and therefore in the analysis of this aspect, a sensitivity analysis was carried out. 

The intervals of these two activities were varied in order to calculate lower and higher end values of 

maintenance during the bridges lifespan. 

 

5.3.5 Sensitivity analysis 

 

A sensitivity analysis was carried out on both the FRP model and the concrete model. For the 

concrete model, the edge beam replacement intervals were the only intervals varied as the other 

activities would not greatly affect the comparative costs as much as the replacements would. The 

FRP model was modified by means of varying the maintenance criteria that are relatively uncertain 

in reality. This resulted in 3 scenarios giving lower, upper and middle bound results for the bridge’s 

overall cost. 

The following were the 3 scenarios decided upon: 
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FRP Case 1 – best case scenario 

FRP Model: 

 10% construction costs of FRP bridge deck 

 25% reduction on abutments & foundation  

 18% reduction on steel girder area 

 No accidents on the bridge → no parapet replacement over lifespan 

 No deck joint repairs 

Concrete Model: 

 Concrete model – highest cost – (edge beam intervals every 30yrs) 

 

This case is the most favourable towards FRP. Both initial and periodic costs were reduced. The 10% 

of construction cost is a lower estimation of the concrete models 30%. Since there is very little on 

site operations required to install the prefabricated FRP deck, this can be a reasonable estimate. The 

10% also includes the labour costs to assemble and bond the deck and girders together off site. The 

% reductions in the abutment/foundation area and steel girder area come directly from the previous 

structural analysis results. The lightweight nature of the FRP resulted in a 25% reduction on the end 

reactions (Table 4.5), when compared to the concrete model, which theoretically using basic     
 

 
   

theory, could result in a required foundation/support area of 25% less. Refer to Appendix B. The 18% 

less steel area was an averaged value from the outputted support and midspan girder stresses of the 

FRP model in comparison to the concrete one (Table 4.7). 

The periodic costs were also modified. Since the road speed on the bridge is limited to 50 km/hr and 

it is only one lane, it is possible that no accidents will occur on it through its lifespan. Referring to a 

direct specification of multiple FRP composite manufacturers, no maintenance is needed on these 

bridge types; therefore no deck repairs were included in this case.  

The concrete model was at its highest cost possible by using the lowest edge beam interval at 30yrs. 

 

FRP Case 2 – average/realistic case scenario 

FRP Model: 

 20% construction costs of FRP bridge deck 

 15% reduction on abutments & foundation 

 10% reduction on steel girder area 

 1 accident every 20yrs → replacing 2m of parapet each time 

 Repairing 5m of FRP deck joints every 20yrs 
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Concrete Model: 

 Concrete model – intermediate cost – (edge beam intervals every 40yrs) 

This scenario is the closest and most probable to reality. The 20% construction cost is a lower bound 

value of the concrete models 30%. Giving the substantially higher material cost of FRP, this 20% is 

justifiably lower than 30% for concrete. The 15% reduction on abutments & foundation was reduced 

from the LUSAS output of 25%. This is to account for the fact that probably only the foundation size 

can be reduced and not the abutment. The abutment size depends more on the geometry of the 

structure and load eccentricities for example and therefore a full reduction is deemed to be un-

feasible.  

Note:  A full structural analysis of the entire bridge structure system would of course be necessary 

before any of these reductions could be implemented in reality.  

The reduction on the steel girder beams was reduced from 18% to 10%, accounting for a safety 

margin and inaccuracies. Lateral stability may also become an issue when the girder size is reduced 

too much. 

Finally the periodic costs are looked at and modified. One accident every 20yrs was decided as a 

probable frequency with 2m of the parapet being damaged and in need of replacement each time. 

With the bonding system used in the FRP deck the parapets can be easily cut out and new ones 

placed, with mainly only the manufacturing costs of the ASSET deck as head cost here.  5 metres of 

deck joint/cracks/flaws repair were also accounted for at a frequency of 20yrs. Giving the low 

assumed cost of the repair, this quantity and repair frequency are reasonable. Also the unknown 

long term properties of FRP, in fatigue for example, justify these repair assumptions.  

The concrete was at its intermediate cost, with edge beam replacement intervals of 40yrs. 

 

FRP Case 3 – worst possible case scenario 

FRP Model: 

 30% construction costs of FRP bridge deck 

 0% reduction on abutments & foundation  

 0% reduction on steel girder area 

 1 accidents every 10yrs → replacing 2m of parapet each time 

 Repairing 10m of FRP deck joints every 20yrs 

Concrete model: 

 Concrete model – lowest cost – (edge beam intervals every 50yrs) 

 

This case is the most negative case regarding FRP and provides an upper bound limit for its FRP cost. 

The construction costs were equalled to the concrete models at 30%. Note: this includes the off-site 
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assembly/bonding costs of the FRP deck and girders. Both the area of abutments/foundations and 

the steel girder were given 0% reduction making both models the same.  

With regard the periodic costs the accident rate was increased to 1 accident every 10 years with 2 

metres of parapet replaced each time and the deck repair increased to 10m every 20 years.  

The concrete model was at its lowest cost, with an edge beam replacement interval of 50yrs. 

 

5.4 Results 
 

5.4.1 Concrete Model 

 

The concrete model is the control model for this study. In the following tables the LCC results for the 

concrete model are shown, for each cost case. 

Case 1 – Lowest cost 

Case 1 depicted the lowest possible cost for the concrete bridge model. This entailed: 

 Edge beam replacement every 50yrs (ie: 1 replacement over lifespan) 

 

Element Cost (kr) % Total 

Material Cost 1615051 42.4 

Contractor Cost 484515 12.7 

   
Construction User costs 184800 4.8 

   
Investment Sub Total 2284366 59.9 

   
Inspection Cost 81048 2.1 

Maintenance Cost 1441165 37.8 

Maintenance User Cost 2518 0.1 

Demolition 4157 0.1 

   
Periodic Sub Total 1541549 40.1 

   
Total LCC 3813254 100.0 

 3.813 Mkr  
Table 5.3 Concrete Model Case 1 LCC summary 

 

It is worth noting a couple of points from this table of the concrete models costs. Firstly, the 

construction user costs make up a substantial percentage of the overall LCC at almost 5 %.  This is 

due to the fact that a total of 14 days were allowed for the installation and pouring of the concrete 
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deck in the concrete bridge model (Appendix C). To allow for this construction work, the motorway 

passing under the bridge was closed and diverted with a detour, causing the stated traffic and 

operating delay costs.  

Secondly it can be seen that the lifespan maintenance user and demolition cost were all quite 

negligible quantities in the calculation as shown by their 0.1 percentage contribution to the overall 

total. Maintenance costs are the largest contributor to the concrete models overall LCC total at 

almost 38% in this case. 

 

Case 2 – Intermediate cost 

Case 2 calculated an intermediate cost for the concrete model. This entailed 

 Edge beam replaced every 40 years  (twice in bridges lifespan) 

 

Element Cost (kr) % Total 

Material Cost 1615051 41.8 

Contractor Cost 484515 12.5 

      

Construction User costs 184800 4.8 

      

Investment Sub Total  2284366 59.2 

      

Inspection Cost 81048 2.1 

Maintenance Cost 1489100 38.6 

Maintenance User Cost 3030 0.1 

Demolition 4157 0.1 

      

Periodic Sub Total 1577336 40.8 

      

Total LCC 3861702 100.0 

 3.86 Mkr  
Table 5.4 Concrete Model Case 2 LCC summary 

 

Due to the extra maintenance activities, the total cost increased by approximately only 1 % on the 

lowest cost total. 

 

Case 3 – Highest cost 

Case 3 calculated the highest possible cost for the concrete model. This entailed 

 Edge beam replaced every 30 years ( 3 times in bridges lifespan) 
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This is quite a high number of replacements and would generally only be applicable to bridges 

located in harsh weather environments such as coastal areas.  

 

Element Cost (kr) % Total 

Material Cost 1615051 41.0 

Contractor Cost 484515 12.3 

      

Construction User costs 184800 4.7 

      

Investment Sub Total  2284366 58.0 

      

Inspection Cost 81048 2.1 

Maintenance Cost 1567298 39.8 

Maintenance User Cost 3867 0.1 

Demolition 4157 0.1 

      

Periodic Sub Total 1656370 42.0 

      

Total LCC 3940736 100.0 

 
3.941 Mkr 

 Table 5.5 Concrete model Case 3 LCC summary 

 

The increased maintenance activities added approx. 2% more total cost on top of the intermediate 

case total. For all the three cost cases the concrete model displayed an approximately 60:40 % split 

between initial investment cost and periodic lifespan costs. 

 

5.4.2 FRP Model 

 

The FRP model, in accordance with the sensitivity analysis, stated in section 5.3.5, was also split into 

3 cases to find lower, intermediate and upper bound costs for the total LCC. 

 

Case 1 – Lowest cost 

This has the optimal conditions in favour of the FRP model having the lowest cost, as discussed in 

the previous section. The results are shown in Table 5.6. 

It is worth noting that there are no construction user costs for this case or for any of the FRP case 

scenarios. This is due to the fact that the FRP deck/girders are prefabricated off site and then simply 

dropped in placed at the site location in a number of hours, using 2 truck mounted cranes. 

Therefore, the closing of the roadway and causing of traffic delays like with concrete model were 

non-existent. 
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Element Cost (kr) % Total 

Material Cost 2262782 62.1 

Construction Cost 226278 6.2 

      

Investment Sub Total  2489060 68.3 

      

Inspection Cost 81048 2.2 

Maintenance Cost 1069311 29.3 

 Maintenance User Cost 1868 0.05 

Demolition 4928 0.1 

      

Periodic sub total 1157155 31.7 

      

Total LCC 3646215 100.0 

 3.65 Mkr  
Table 5.6 FRP  model Case 1 LCC summary 

 

Case 2 – Intermediate cost 

Case 2 contains the inputs and properties most likely to happen in reality, with respect to the other 

two upper and lower bound cases. Its results are tabled below.  

 

Element  Cost (kr) % Total 

Material Cost 2380247 58.9 

Construction Cost 476049 11.8 

      

Investment Sub Total  2856296 70.7 

      

 Inspection Cost 81048 2.0 

Maintenance Cost 1095046 27.1 

Maintenance User Cost 1868 0.05 

Demolition 5655 0.1 

      

Periodic Sub Total 1183618 29.3 

      

Total LCC 4039914 100 

 4.04 Mkr  
Table 5.7 FRP  model Case 2 LCC summary 

 

 The difference is cost variability between the FRP and concrete models is noticed here with a cost 

change of 11% from case 1 to case 2 for the FRP model, compared to 1% for the concrete model. 
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Case 3 – Highest cost 

Case 3 calculated the worst possible cost for the FRP design to give an upper bound margin. Its 

results are shown below in Table 5.8. 

Element Cost (kr) % Total 

Material Cost 2542549 56.2 

Construction Cost 762765 16.9 

      

Investment Sub Total  3305314 73.1 

      

 Inspection Cost 81048 1.8 

Maintenance Cost 1129621 25.0 

 Maintenance User Cost 1868 0.04 

Demolition 6545 0.1 

      

Periodic Sub Total 1219082 26.9 

      

Total LCC 4524396 100 

 4.52 Mkr  
Table 5.8 FRP  model Case 3 LCC summary 

 

Again a high variability is observed, with a 12 % increase in cost from case 2 to case 3, compared to 

1% for the concrete model. These higher percentage increases show the high cost of FRP 

maintenance repair but it also must be noted that there are multiple factors changing for the FRP 

model within the sensitivity analysis, as described in the previous section and only one changing for 

the concrete model.  

 

5.4.3 LCC Comparison  

 

The case costs for both models were then compared against each other to attain lower and upper 

bound limit scenarios of the FRP’s solution. This was to gauge the price differences between the 

bridge models and in the next section, to evaluate the probabilistic nature of these.  

Best Case scenario for FRP 

The lowest FRP case cost was combined with worst case concrete cost and the results are shown 

below in  

Table 5.9. This scenario gave the best possible cost outcome for the use of the FRP deck solution. 

The total LCC is 7.5 % lower than its concrete equivalent, at a difference of 0.3 Mkr.  As expected, 

the initial material cost contains the majority of the negative difference at 40 % higher for FRP than 

concrete. This however is offset by the construction user costs of the concrete models construction 

and also its high maintenance costs, mainly edge beam replacements. The maintenance cost can be 

seen to be 32% lower than concrete. 
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Table 5.9 LCC comparison – Best Case FRP 

 

From the table, even at the best case scenario the FRP material production costs were still 40% 

higher than that of the concrete manufacturing. This initial high cost of FRP manufacturing is seemly 

the worst aspect of the option by far, however some of this cost is offset by it savings of 30% on 

concrete in periodic spending. 

The distribution of total costs for the two models can be seen in Figure 5.2. The high initial cost and 

low maintenance cost of FRP can be seen with a 60% and 30% respectively of the total. The concrete 

model on the other hand has even split of 40% for both of these quantities. 

 

Element Cost (kr) % 
difference FRP Concrete 

Material Cost 2262782 1615051 40.1 

Construction Cost 226278 484515 -53.3 

    

Initial Sub Total 2489060 2284366 9.0 

    

Inspection Cost 81048 81048 0.0 

Maintenance Cost 1069311 1567298 -31.8 

Demolition 4928 4157 18.6 

    

Periodic Sub Total 1157155 1656370 -30.1 

    

Total LCC 3646215 3940736 -7.5 

 3.65 Mkr 3.94 Mkr  
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Figure 5.2 Total cost breakdown for each model 
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And the breakdown of the concrete models total maintenance cost is shown in Figure 5.3. As this is 

at worst cost case for the concrete model, the edge beam replacement’s account for 40% of the 

total.  

 

Realistic Scenario Case for FRP  

The intermediate/case 2 costs for both bridge models were combined to give an average case cost 

scenario. This gave the most realistic/probable case scenario for the use of the FRP deck solution. 

The total FRP LCC is however only 4.6 % higher than its concrete equivalent, at a difference of 0.18 

Mkr.  

Element 

Cost (kr) 

% difference FRP Concrete 

Material Cost 2380247 1615051 47.4 

Construction Cost 476049 484515 -1.7 

        

Initial Sub Total 2856296 2284366 25.0 

     

 Inspection Cost 81048 81048 0.0 

Maintenance Cost 1095046 1489100 -26.5 

Demolition 5655 4157 36.0 

        

Periodic Sub Total 1183618 1577336 -25.0 

      

Total LCC 4039914 3861702 4.6 

 4.04 Mkr 3.86 Mkr  
 

Table 5.10 LCC comparison – Realistic Case FRP 

3% 

30% 

40% 

27% 

Concrete Model 
Edge beam
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Edge beam
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30-70mm

Edge beam
replacement

Concrete deck
repair > 30-
70mm

Figure 5.3 Breakdown of maintenance costs 
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At this scenario the FRP manufacturing costs rose up to almost 50% higher than that of concrete, 

while the maintenance cost difference dropped to 26.5% in FRP favour. The breakdown of the total 

LCC is shown in Figure 5.4 and the breakdown of the maintenance cost in Figure 5.5.  

Due to the decreased frequency of the edge beam replacements in the concrete model, its 

percentage of the total maintenance costs is almost a third on an even par with edge beam 

reparation and concrete deck repair. The breakdown of maintenance costs for each model is showed 

below in Figure 5.5. 

 

Worst Case Scenario for FRP Solution 

The highest cost FRP outcome was combined with lowest cost concrete outcome. This gave the 

upper bound worst case scenario cost for the use of the FRP deck solution. The total LCC is almost 

20% higher than its concrete equivalent, at a difference of 0.71 Mkr. The high initial material cost of 
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Figure 5.4 Total cost breakdown for both models 
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Figure 5.5 Breakdown of maintenance costs 
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FRP is visualized here at a 60% increase on a concrete alternative at its worst case. The maintenance 

difference has decreased down to approx. 20%.  

 

 

 

The breakdown of the total costs for this scenario is shown in Figure 5.7 with the maintenance costs 

breakdown in Figure 5.8. 

 

 

Element 

Cost (kr) 

% Difference FRP Concrete 

Material Cost 2542549 1615051 57.4 

Construction Cost 762765 484515 57.4 

        

Initial Sub Total  3305314 2284366 44.7 

  
  

  

 Inspection Cost 81048 81048 0.0 

Maintenance Cost 1129621 1441165 -21.6 

Demolition 6545 4157 57.4 

        

Periodic Sub Total 1219082 1528888 -20.3 

  
  

  

Total LCC 4524396 3813254 18.6 

 4.52 Mkr 3.81 Mkr  

Figure 5.6 LCC comparison – Worst Case FRP 
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Figure 5.7 Total cost breakdown for both models 
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5.4.4 Uncertainty of costs 

 

Using the lower and upper costs for both models from the sensitivity analysis a probabilistic function 

was created showing the uncertainty of the total costs. The simulation was essentially a rigorous 

extension of the sensitivity analysis, which uses different randomly selected sets of values from the 

input probability distributions to calculate separate discrete results. Each iteration in a simulation 

represents a possible scenario or outcome, in this case a total NPV LCC. This sampling process is 

known as Monte Carlo sampling. For inputs to the simulation, the realistic values for the FRP and 

concrete models where taken as the mean with the best and worst case scenarios providing 

minimum and maximum values respectively. The inputs to the probabilistic analysis can be seen in 

Table 5.11. An excel spreadsheet was designed and Excel’s normal distribution functions were 

utilised to generate the PDF (probability density function) and the CDF (cumulative density function) 

in Figure 5.9 and Figure 5.10 respectively. 

Figure 5.9 Histogram for FRP & Concrete total LCC costs 
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As large numbers of iterations are required for high accuracy probability values, 1000 iterations were 

carried out. A higher number was not attempted due to limitations within the excel spreadsheet 

created for the distribution purpose.   Figure 5.9 displays the NPV (Net present value) totals for both 

alternatives in histogram form, where the probability is the area under the curve, while Figure 5.10 

displays the cumulative probability curves for both models.  

From Figure 5.9 it can be seen that the FRP has a much more shallow slopes and a wider base than 

the concrete, hence showing its greater variability about its mean total cost value. This can mean 

project cost underrun (left hand side of the graph) or project cost overrun (right hand side of the 

graph). The FRP model displays a higher tendency for cost overrun than underun, displayed by the 

right hand positioning of the graph. On the contrary, the concrete model has a steep distribution 

with a narrow base, showing its stable, invariable costing nature.  This graph shows, in general, the 

greater uncertainty of total LCC costs associated with FRP when compared to a conventional building 

material such as concrete. 

However it is also important to quantify the probability for underrun or overrun of project costs. This 

can be found from the CDF curves in Figure 5.10 below. The variability of each alternative is inversely 

proportional to the slope of the cumulative curve. The flatter FRP slope has again more variability, 

whereas the steeper concrete slope has less. Probabilities of occurrences can then be read easily 

read off the graph. For example, the point where the curves intersect, displays that both models 

have approximately a 5% chance of having a total LCC cost of less than approximately 3.82 Mkr.  

 

 

Table 5.11 contains basic statistical measures of simulation results, which reveal the uncertainties of 

each model. Firstly it can be noted that FRP has a substantially higher standard deviation compared 

to concrete. This is due to the high cost of FRP manufacturing compared to concrete and hence the 

high cost of repairs and replacements.  From the percentiles, relative costs, savings, loss’s and their 

occurrence probabilities can be easily read. For example, analysis of the distribution tails, displays 

that there is only a 5% probability that the total FRP LCC will be less expensive than the total 

Concrete LCC by as much as 30,000kr. Conversely, there is a 10 % chance that the total FRP LCC will 

exceed the total Concrete LCC by 340,000kr. These underrun and overrun figures seem small but if a 

Figure 5.10 Cumulative risk profile of the FRP & Concrete Models total costs 
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full LCC analysis was to be carried out with every possible expense included, these figures would 

increase in scale dramatically. Overall, shown by all the positive figures in Table 5.11, the FRP model 

will cost more than the concrete model 95% of the time. 

 

  Total NPV LCC (Mkr) 

Basic 
Statistic Concrete FRP FRP - Concrete 

Maximum 3.94 4.52 0.58 

Minimum 3.81 3.65 -0.17 

Mean 3.86 4.04 0.18 

Std deviation 0.02 0.15 0.13 

Percentile       

5% 3.83 3.80 -0.03 

10% 3.83 3.85 0.02 

15% 3.84 3.89 0.05 

20% 3.84 3.92 0.07 

25% 3.85 3.94 0.09 

30% 3.85 3.96 0.11 

35% 3.85 3.98 0.13 

40% 3.86 4.00 0.15 

45% 3.86 4.02 0.16 

50% 3.86 4.04 0.18 

55% 3.86 4.06 0.19 

60% 3.87 4.08 0.21 

65% 3.87 4.10 0.23 

70% 3.87 4.12 0.24 

75% 3.88 4.14 0.26 

80% 3.88 4.16 0.28 

85% 3.88 4.19 0.31 

90% 3.89 4.23 0.34 

95% 3.90 4.28 0.38 

 

Table 5.11 Risk profile statistics for FRP & Concrete Models 

 

These statistical analyses provide a second viewpoint on the total costs of a project, complimenting 

the traditional deterministic approach results. In the previous section (LCC Comparison), the most 

realistic/probable comparison between the total FRP and Concrete LCC model costs, found the FRP 

model to be a minor 4.6 % more expensive than the conventional concrete costs.  However, when 

the occurrence probabilities of the FRP models costs are directly compared with those of concrete, 

they will be more expensive 95% of the time. This is a very negative aspect for the costing analysis of 

FRP solutions and these figures certainly would not attract potential business investors.  
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5.5 Construction Scheduling  
 

From the activities and quantities calculated from the Life Cycle Cost Analysis, construction 

schedules of the two bridge designs were able to be calculated also. Using construction activities 

production rates from Methvin (2013), the time allocated to each part of the bridge construction 

were calculated. These calculations can be seen in Appendix D. It should be noted that in the 

calculations there were of course some discrepancies, with some actions excluded and others 

overestimated or underestimated. The final project flow model (Figure 5.11) does however, in a 

general sense, show the clear time saving advantage that an FRP bridge deck has over a 

conventional method such as cast in situ concrete. 

The scheduling model was based on 12 hour work days with a 6 day work week. The total time for 

concrete construction model was approximately 10 full weeks. This can be stated as quite short for a 

full bridge construction but it is an estimation and of course numerous activities were omitted, due 

to the lack of information and those that were common to both designs, and therefore irrelevant to 

the comparison. The following are some examples other activities that should must be included in a 

full schedule: 

 Planning stages 

 Design and engineering of bridge 

 Environmental reports  

 Manufacturing of steel (beams, rebar, studs) 

 Safety analysis/testing of bridge, post construction 

 General site maintenance, duties, labour hours etc.. 

 

Figure 5.11 Construction schedule comparison 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12
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The substructure work can be seen to be by far the largest contributor in number of work days, due 

to its large size, volumes and corresponding large formwork areas. 

The total time for the FRP construction model was approximately 8 full weeks. The actual production 

rate and total manufacturing time of the Fiberline ASSET deck profile was unknown. However since 

the Friedberg project in question was particularly critical with regard to time 

consumption/disrupting the road traffic, it was assumed that the manufacturing would progress in 

sync with the substructure work phase, therefore being complete in time for the beginning of the 

superstructure phase.  As according to Knippers & Gabler (2008), the FRP bridge structure was 

assembled off site in the space of one week and then installed into the abutments in two hours. This 

provided the FRP bridge with one third of the superstructure construction time when compared to 

the concrete model. Overall the FRP model saved approximately 20% (16 days) in construction time 

compared to concrete.  

This construction schedule comparison shows one of the most prominent advantages of FRP as a 

bridge construction material. It speed and ease of installation, dramatically cuts down the bridge 

super structure assembly time and eliminates the need for road closures and respective traffic 

delays.  It can also be noted that in the Friedberg case, the ASSET deck and bridge girders were 

assembled and bonded in a warehouse. This makes the process unaffected by weather conditions 

and resulting possible construction delays or safety issues that could occur with poor weather 

conditions. 
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6 Life Cycle Assessment 
 

6.1 General 
 

Life Cycle Assessment (LCA) is a standardized and systematic method of evaluating the potential 

environmental impacts of a product, machine, service or function throughout its entire life span, 

from creation through to end of life. Items can be analysed in different categories corresponding   to 

effects the items has on specific environments or situations. LCA’s are generally carried out in 

accordance to ISO 14040, as shown in the methodology below and there are also several commercial 

software’s such as GaBi and SimaPro, which have their own material inventory and process 

databases. Life Cycle Assessments are frequently carried out on bridges and are usually defining 

criteria in choosing one bridge alternative design or material option over another. 

  

6.2 LCA Methodology 
 

There are many methodologies formulated for Life Cycle Analyses but the majority are carried out in 

accordance to the guidelines of ISO 14040 and 14044. In general the LCA method or framework can 

be split into 4 phases, each one with its own separate function. The carry out a complete Life Cycle 

Assessment each phase must be carried out fully and correctly. 

 

6.2.1 Goal and scope 

 

The first step of the LCA is to determine the aims of the analysis for the purpose of selecting the 

correct methodology and relevant affecting categories. Here, the purpose and assumptions must be 

stated and also the inclusion of all relevant scenarios and lifespan phases must be included.  

 

6.2.2 Life cycle inventory  

 

The life cycle inventory phase or LCI accounts for all inputs and outputs corresponding to the item 

being analysed. Energy and raw materials are inputs and the environmental releases of gas, liquid, 

solids and energy are outputs. The inventory data can be collected and assembled from multiple 

sources including governmental, scientific, research and commercial databases. 
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6.2.3 Life cycle impact assessment  

 

The life cycle impact assessment (LCIA) is the stage where all the imputed data is converted and 

modified into aggregated potential environmental impacts. LCIA consists of many time consuming 

processes to include: classification, characterisation, normalisation, grouping and weighting. These 

are all procedures used to aggregate and convert output figures so that they can be used in different 

environmental impacts. 

 

6.2.4 Interpretation 

 

The interpretation phase refines the multiple LCA results into explanatory conclusions. According to 

ISO 14040 in the interpretation stage the findings of both the LCI and LCIA are combined with the 

aims set out in stage 1 (goal and scope), to reach meaningful conclusions. Also, any limitations or 

short falls should be stated in this stage.  

The continuous loop nature of the Life Cycle Analysis framework can be seen below in Figure 6.1. 

Final outputs and uses of LCA reports can from:  product comparison (as in this case), product 

improvement, future development planning to general marketing of specific products. 
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Figure 6.1 LCA Framework 
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6.3 Case study LCA 
 

Due to lack of complete environmental data sets on the manufacturing of resin, glass fiber and 

specifically the pultrusion process from either Life Cycle Inventory Databases or the composite 

manufacturer Fiberline a full Life Cycle Assessment according to the framework of ISO 14040 was 

not possible. Some environmental data, such as material inputs and emissions outputs for resin and 

glass fiber production were found but none relevant to the pultrusion manufacturing process of the 

composite. Since this is critical to the creation of the ASSET deck superstructure and therefore 

critical to the environmental analysis, the full LCA method was rejected and a more simplified 

analysis was chosen instead. The two bridge options were compared with regard to only two factors: 

total energy usage and total carbon dioxide emissions. Since these two factors are two of the biggest 

and most important in Life Cycle Analyses, at least in effecting climate change and global warming, 

the process was deemed satisfactory to give a good representation of each models general 

environmental impact.  

 

6.3.1 Inventory 

 

From the Life Cycle Cost Analysis, all material quantities were calculated for each model option. This 

included total steel, concrete and FRP composite volumes for both the substructures and the 

superstructure The required environmental impacts (energy required & CO2 emissions) for the three 

main raw materials of steel, concrete and FRP composite were obtained from Ryszard (2003), a 

research paper where a real life bridge, with several different building material options were 

compared in both economic and environmental fields. With regard to the transportation and 

construction plant usage, ECLD (2013) and Kawai (2005) were utilised. 

The LCA inventory for the two models is shown in Figure 6.2. 

Total LCA 

Material 

FRP 

manufacturing 

Concrete Steel 

Construction 

Construction 

plant 

Material 

transportation 

Traffic delays 

 Maintenance 

Edge beam 

replacement 

FRP Parapet 

replacement 

Figure 6.2 LCA Inventory 
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The inputs have been divided into 3 main categories, raw material inputs, construction of the bridge 

structure and periodic maintenance throughout the bridges lifespan. FRP model specific activities 

are in red, the concrete in green and in the blue are the ones common to both. Each activity 

displayed requires energy to produce its product and emits CO2 during its process.   

 

There are of course numerous inputs and processes deficiencies from the above such as: 

 Construction traffic delays – motor car emissions. Only heavy commercial vehicle emissions 

were accounted for in the analysis.  

 FRP model – bonding agent. No environmental data was available for the SikaDur adhesive 

used to bond the FRP deck together and to the steel girders.  

 For the maintenance edge beam/parapet replacements only raw material has been 

considered. The environmental impact of removal of either of these has not been accounted 

for nor the machine/transportation impact of installing them.  

 The paving of the roadway has been omitted.  

 The environmental emissions from the production of the formwork for the concrete model 

have been omitted, as with the welding of the shear studs to the steel beams.  

 Transportation of the steel girders from factory to site has been omitted for both models.  

 The environmental impact of the periodic bridge inspections would be minimal and 

therefore was omitted. 

 

Material 

 

Shown in Table 6.1 is the environmental data for the raw materials, Ryszard (2003). The following 

material properties were used: 

 Structural steel: S235J0 or S355J0 according to En 10025. Aluminium arc sprayed paint 

coating. 

 Composites: Fiberglass reinforced polyester resin (FGRP). Pultusion process. 

 Concrete: B35 according to Dutch standard NEN 6720. Reinforcement included (150 kg per 

1m3), handrails also included. 

 

The embodied energy impact value was calculated using the “exergy” method. In this method, the 

total energy consumption is the combination of the energy required during the materials 

manufacture and the energy “stored” in the material through its lifespan. This stored energy values, 

represent the potential of the energy stored in the materials to deliver work. 

 

 

 



Chapter 6 – Life Cycle Assessment 

78 
 

Table 6.1 Environmental information for steel & concrete (Ryszard, 2003) 

 

It can be noted from Table 6.1 that FRP composite production has the highest CO2 emissions per unit 

weight, with structural steel in second and reinforced concrete having the lowest. For embodied 

energy however structural steel has the highest value per unit weight with FRP composites in second 

and reinforced concrete having the lowest. 

 

Construction 

During construction of the two bridge models, mainly for the concrete in situ deck, multiple plant 

machines are in operation and contribute emissions to the environment. The main construction 

plant in operation on a typical building site, along with their corresponding environmental data, are 

shown below in Table 6.2.  

 

   

 

 

 

 

 

 

Minor plant operations and machines have been omitted due to lack of reliable environmental data. 

In the case of the concrete bridge model, there would be more general plant operations to include: 

concrete vibrator, steel reinforcement cutter etc... 

The lorry transport is required in drawing bulk raw materials from their source to the work site. In 

the case of the FRP model, it was assumed that the FRP deck was transported by lorry from the 

Fiberline factory in Denmark to the assembly location in Germany and then finally onto the bridge 

site. Basic calculations on these transport distances and construction plant usage can be found in 

Appendix E.  

Element UNIT Structural Steel FRP Composite Reinforced Concrete 

Material density kg/m3 7800 1800 2400 

CO2 Emissions kg/m3 2560 1030 495 

 kg/kg 0.328 0.572 0.206 

Embodied Energy MJ/m3 304200 43200 21600 

 MJ/kg 39 24 9 

Plant Unit Energy required (MJ) CO2 (kg) 

Truck mounted concrete pump m3 6.19 0.4 

Truck Mounted Crane (22t) hr. 0.25 17.1 

Agitator truck (4.5m3) hr. 488 33.8 

Lorry transport  t*km 0.7 0.05 

Table 6.2 Environmental data for construction plant & transport (Kawai, 2005) (Lorry transport: ELCD) 
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6.4 Results 
 

6.4.1 LCA Scenarios 

 

In the same manner as the Life Cycle Cost analysis, the total LCA was calculated for highest, 

intermediate and lowest cases, for each bridge model. The variable factors were of the same 

quantity and in the same areas as for the LCC analysis. Then the three scenarios, best, worst and 

realistic for FRP were tabulated.  

The total energy required and CO2 emissions for the various scenarios are shown in Table 6.3. The 

worst and best case scenarios for the FRP model were calculated  by placing the highest resulting 

FRP LCA value with the lowest resulting concrete LCA  value and the lowest resulting FRP value with 

the highest resulting concrete  value respectively. The realistic cases used the intermediate values of 

CO2 emissions and embodied energy for both models. 

 

Embodied Energy (MJ) 

Scenario FRP Concrete % difference 

Worst case  5.19E+06 5.64E+06 10 

Realistic case  4.55E+06 5.72E+06 20 

Best case  4.11E+06 5.79E+06 30 

CO2 Emissions (kg) 

Worst case  1.16E+05 1.26E+05 10 

Realistic case  1.01E+05 1.28E+05 20 

Best case  9.06E+04 1.29E+05 30 
Table 6.3 Total LCA scenario results 

 

From the results it can be seen that the FRP bridge model had a lower total LCA (in terms of 

embodied energy and CO2 emissions) in every case scenario, when compared to the concrete model. 

At the realistic case scenario, the FRP option saved approximately 20% on it environmental impact 

when compared to the alternative.  
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6.4.2 Realistic case scenario  

 

The two models were then compared in detail using the most realistic and most probable case 

scenario.  Shown below in Figure 6.3 and Figure 6.4 is the total energy used and total CO2 emissions, 

respectively, in each phase of the two bridge models lifespans. The three main phases are as 

previously stated, material manufacturing, construction and periodic maintenance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It can be noted that the concrete model has higher quantities over FRP in each bridge phase 

contributing to an overall total reduction of 20% for the FRP option in both embodied energy and 

carbon dioxide emissions. Also, it can be seen that over 90% of the total embodied energy (EE) and 

CO2 emissions are in the initial material manufacturing stage, for both models. This shows the high 

relevancy of material selection on the overall environmental impact of a bridge construction. 
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The quantities of EE and CO2 for the manufacturing of the superstructure deck materials only, can be 

seen in Figure 6.6 and Figure 6.5 respectively.  The ratios of energy and CO2 are the same since both 

are dependent on the same volume of material for the two models. The manufacturing of the FRP 

composite deck consumes under half as much energy and emits less than half as much CO2 as the 

manufacturing of the concrete deck.  As previously stated, the FRP composite actually has higher 

values of CO2 emissions and EE per unit weight than concrete does but due to the low weight –to – 

area ratio (100 kg/m2) of the ASSET FRP deck, when compared to the typical 225mm thick reinforced 

concrete slab (540 kg/m2), the totals are far lower.  

 

  

Figure 6.6 Superstructure material manufacturing CO2 emissions  
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  Shown below in Table 6.4 are the CO2 emissions and embodied energy for each process part of the 

bridge models. The concrete model exceeds the FRP model in every element except for lorry 

transportation. This is of course due to the fact that the FRP deck modules were assumed to have 

been transported by road from Fiberline Composites in Denmark to the bridge site in Friedberg, 

Germany. 

 

The greatest difference is held with the raw material manufacturing at 52% and moreover with the 

raw material for the maintenance works at 88%. These results can be visualised in the following 

figures.  

Note: As the substructure concrete accounted for such a large quantity of the total emissions and 

energy required, it was omitted from these graphs for clarity. However the construction plant 

associated with its working was included, hence the reason why the FRP model is almost 40% 

composed from construction plant. 
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Figure 6.7 CO2 emissions by activity 

Table 6.4 Breakdown of total emissions and embodied energy 

Concrete FRP % difference Concrete FRP %

Superstructure deck 1.34E+04 6.43E+03 52 5.83E+05 2.70E+05 54

Steel Beams 5.70E+03 5.13E+03 10 6.77E+05 6.10E+05 10

Substructure 9.53E+04 8.10E+04 15 4.16E+06 3.53E+06 15

Material Sub total 1.14E+05 9.26E+04 19 5.42E+06 4.41E+06 19

Lorry Transportation 7.27E+01 6.11E+02 -88 1.05E+03 8.81E+03 -88

Concrete pumping 8.80E+01 6.55E+01 26 1.36E+03 1.01E+03 26

Construction plant 8.28E+03 7.37E+03 11 1.20E+05 1.05E+05 12

Construction traffic delays 6.78E+02 9.79E+03

Construction Sub total 9.12E+03 8.05E+03 12 1.32E+05 1.07E+05 19

Edge beam/FRP parapet replacement 3.56E+03 4.46E+02 87 1.56E+05 1.87E+04 88

Maintenance Sub total 3.56E+03 4.46E+02 87 1.56E+05 1.87E+04 88

Total 2.51E+05 2.02E+05 20 1.13E+07 9.06E+06 20

CO2 Emissions (kg) Energy Usage (MJ)
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Excluding the construction plant, the FRP manufacture is the greatest contributor of CO2 and the 

same for the concrete production for the alternate model. The manufacturing of the steel beams is 

of course very prominent in both as well. As discussed previously, it has the second highest 

emissions rate per unit weight of the three. It also had the highest energy demand and this can be 

clearly seen in Figure 6.8. 

 

 

From these two graphs it can be noted that the construction traffic delays did not have as much an 

impact on the LCA as it did previously on the LCC analysis. This could be in part due to the fact that 

only heavy commercial traffic was considered here and regular motor cars were omitted. 
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7  Summary 

7.1 Conclusion and Discussion 
 

From the study of FRP in bridge engineering, both advantages and disadvantages of the material can 

be summarized.  

Advantages: Disadvantages: 
 

 High strength to weight ratio  Manufacturing cost 

 Design flexibility  Lack of awareness 

 Low maintenance costs  Lack of ductility 

 Low LCA, noise & air pollution  Technical – not in Standards 

 Durable  Further research needed: 

 Corrosion resistant - Fire resistance 

 Speed of installation - Fatigue & impact 
- Seasonal temperature variation 
- Repair techniques 

 
The thesis set out to experimentally, check the feasibility of FRP as a viable material in the design 

and construction of a road bridge. An existing FRP road bridge was analysed and a concrete control 

model was designed for comparative purposes. This gave a comparative look at a new bridge 

building material against a conventional building material, resulting in both benefits and deficiencies.  

Through the modelling on LUSAS, the material was deemed structural stable and outputted 

favourable results when compared to the concrete control model.  The comparative reduction in 

both superstructure and substructure stresses from this analysis, can be put forward as justification 

for smaller beam sections and corresponding bridge foundations when using an FRP bridge deck. 

Through the LCC analysis, FRP composites substantial high initial cost were determined and were 

seen as highly unfavourable when compared to the concrete model. This was however somewhat 

compensated for by the little- to- no maintenance nature of these bridge deck types and 

corresponding costs they display over their lifetime. These costs did however include high variable 

factors and substantial uncertainties so there does exist notable room for error here.  

The speed of construction of a FRP deck bridge in comparison to a concrete alternative was 

quantified and clearly represents one of the strongest advantages of the material. The project flow 

graph showed that installing a FRP deck takes one third the time of placing a cast in situ concrete 

deck.  

 Finally a lower environmental impact was calculated for the composite bridge model when 

compared to the concrete one. While the analysis only looked at embodied energy and carbon 

dioxide emissions, these are still two prominent factors in main environmental impacts such as 

climate change.  
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7.2 Recommendation and Further Research 

 
FRP railroad decking 

In the UK a significant proportion of the existing Network Rail bridge stock of 40,000 bridges 

comprises metallic bridges with timber decking. The timber decking is formed with thick timber 

planks spanning over cross girders. The timber planks are in some cases waterproofed but the 

majority rot and have to be replaced at a maximum interval of 30yrs. To combat this, 3 cases studies 

were carried out in the U.K, where timber rail decking was replaced with FRP.  FRP is quicker, lighter 

and has a much higher resistance to corrosion than timber. Three different types of FRP railway 

decking are shown in Figure 7.1. 

 

 

FRP edge beams 

Concrete edge beams are the most vulnerable part of concrete bridge structures. They become 

damaged and weathered and have to be replaced periodically throughout a bridges lifespan. FRP’s 

durable and corrosion resistant properties provide a convenient solution to the problem. The joining 

system between the FRP edge beam and the existing concrete deck is where the difficulty lies. The 

author suggests a “key” type connection as shown in Figure 7.2, with all surfaces adhesively bonded 

together. However, the problems foreseen with this is, would be gaining the “key” connection on 

the concrete side, especially of an old  existing concrete deck and also maintaining  water tightness, 

which is critical to FRP behaviour. 

 

Figure 7.1 FRP railroad decking (cellular(l), heavy duty(m) & moulded(r))(Canning) 

Figure 7.2 FRP edge beams 
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Earthquake engineering 

The possibility of using FRP in the design of structures in earthquake zones has been discussed by 

engineers.  The high strength but low weight of the composite would relieve inertial forces on a 

building or structure supposed to earthquake vibrations. Since inertial forces caused by earthquake 

vibrations are proportional to the mass (Force = mass*acceleration), the lower mass at the same 

vibrations (earthquake tremors) will correspond to lower force on the structure. Problems with this 

design include solving the brittle nature of FRP in such a situation.
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List of FRP bridges in the world (Potyrala, 2011)

 

Name of the Bridge 
 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

 
Miyun Bridge 

 
Beijing 

 
China 

 
1982 

 
all 

Length: 20,7 m. Width: 9,8 m. Manufactured by Chongqing Glass 
Fiber 

 
Chenjiawan Bridge 

 
Chongquing 

 
China 

 
1988 

 
all 

Length: 60,0 m. Width: 4,0 m. Manufactured by Chongquing Glass
Fiber 

Luzhou Bridge Luzhou China 1988 all Manufactured by Chongquing Glass Fiber Product Factory. 
 

 
 
 
 
Aberfeldy Golf Course Bridge 

 

 
 
 
 

Aberfeldy 

 

 
 
 
 

UK 

 

 
 
 
 
1990 

 

 
 
 
 

all 

 

Length: 112,8 m. Width 2,1 m. Manufactured by GEC Plastics / 
Linear 

Composites. 

en.structurae.de/structures/data/index.cfm?id=s0002215 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume

ntID=1 

003 

www.bath.ac.uk/ace/uploads/StudentProjects/Bridgeconference2

009/Pape rs/SKINNER.pdf 
www-civ.eng.cam.ac.uk/cjb/papers/cp25.pdf 

 
Shank Castle Footbridge 

 
Cumbria 

 
UK 

 
1993 

 
all 

Length: 11,9 m. Width 3,0 m. Manufactured by Maunsell 
Structural 

 
Bonds Mill Lift Bridge Stroud 

 
Glouestershire 

 
UK 

 
1994 

 
all 

Length: 8,2 m. Width 4,3 m. Manufactured by GEC Reinforced 

Plastics. 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume

ntID=1 Fidgett Footbridge Chalgrove UK 1995 all www-civ.eng.cam.ac.uk/isegroup/fidgett.htm 
 
PWRI Demonsration Bridge 

 
Tsukuba 

 
Japan 

 
1996 

 
all 

Length: 20,1 m. Width: 2,1 m. Manufactured by Tokyo Rope 

Mfg. Ltd. and Mitsubishi Chemical 

 

Clear Creek Bridge 
 

Bath 
USA, 

Kentuck

 

1996 
 

all 
 

Length: 18,3 m. Width 1,8 m. Manufactured by Strongwell Inc. 

http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.bath.ac.uk/ace/uploads/StudentProjects/Bridgeconference2009/Pape
http://www.bath.ac.uk/ace/uploads/StudentProjects/Bridgeconference2009/Pape
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1


 

 
Appendix A 

 

 
 
 

 

Name of the Bridge 
 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

 
 
 
 
 
 
 
Fiberline Bridge 

 
 
 
 
 
 
 

Kolding 

 
 
 
 
 
 
 

Denmark 

 
 
 
 
 
 
 
1997

 
 
 
 
 
 
 

all 

 
Length: 39,9 m. Width: 3,0 m. Manufactured by Fiberline 

Composites. Literature: 
Braestrup, Mikael W. Cable-stayed GFRP (Glass Fibre Reinforced 
Plastic) footbridge across railway line, presented at IABSE Conference, 
Malmö 1999 - Cable-stayed bridges. Past, present and future 
Braestrup, Mikael W. Footbridge Constructed from Glass-Fibre- 
Reinforced Profiles, Denmark, in "Structural Engineering 
International", 

November 1999, n. 4 v. 9 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume

ntID=1 

004 

en.structurae.de/structures/data/index.cfm?ID=s00

04910  

 
 
Pontresina Bridge 

 

 
 

Pontresina 

 

 
 
Switzerlan
d 

 

 
 
1997

 

 
 

all 

Length: 25,0 m. Width 3,0 m. Manufactured by Fiberline 

Composites. 

en.structurae.de/structures/data/index.cfm?id=s0005206 

www.fiberline.com/structures/profiles-and-decks-

bridges/profiles- footbridges-and-cycle-bridges/case-stories-

footbridge/pontresina-bridge- switzerland 

 
INEEL Bridge 

 
Idaho Falls 

 
USA, Idaho 

 
1997

 
all 

Length: 9,1 m. Width: 5,5 m. Manufactured by Martin Marietta 

Composites. 
 
Medway Bridge 

 
Medway 

USA, 

Maine 

 
1997

 
all 

Length: 16,5 m. Width: 9,1 m. Manufactured by Unadilla 
Laminated 

 

West Seboeis Bridge 
 

West Seboeis 
USA, 
Maine 

 

1997
 

all 
 

Length: 13,4 m. Width: 4,9 m. Manufactured by Strongwell Inc. 

 
Smith Creek Bridge 

 
Hamilton/Butler 

 
USA, Ohio 

 
1997

 
all 

Length: 10,1 m. Width: 7,3 m. Manufactured by Martin Marietta 

Composites. 

Las Rusias Military Highway  USA, Texas 1997 all Length: 13,7 m. Width 1,2 m. Manufactured by Hughes Bros., Inc. 
 
 
Falls Creek Trail Bridge 

 

 
Gifford Pinchot 

National Forest 

 

 
USA, 

Washingto

n 

 
 
1997

 
 

all 

Length: 13,7 m. Width 0,9 m. Manufactured by Creative 

Pultrusion, Inc. And E.T. Techtonics. 

www.ettechtonics.com/pedestrian_and_trail_bridges/project_g

http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-
http://www.ettechtonics.com/pedestrian_and_trail_bridges/project_gallery/falls_
http://www.ettechtonics.com/pedestrian_and_trail_bridges/project_gallery/falls_
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Name of the Bridge 
 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

Seebrücke Bitterfeld Germany 2000 all en.structurae.de/structures/data/index.cfm?id=s0001336 
 
Noordland Pedestrian Bridge 

Noordland 
Inner 

Harbor 

The 

Netherland
s 

 
2000

 
all 

 
Length: 26,8 m. Width 1,5 m. Manufactured by Fiberline 
Composites. 

 

East Dixfield Bridge 
 

East Dixfield 
USA, 
Maine 

 

2000
 

all 
 

Length: 13,7 m. Width: 9,1 m. Manufactured by University of 
Maine. 

Five Mile Road Bridge #0171 Hamilton USA, Ohio 2000 all Length: 13,4 m. Width: 8,5 m. Manufactured by Hardcore 
 

 
 
 
 
Lleida Footbridge 

 

 
 
 
 

Lleida 

 

 
 
 
 

Spain 

 

 
 
 
 
2001

 

 
 
 
 

all 

 

Length: 38,1 m. Width 3,0 m. Manufactured by Fiberline 

Composites. 

en.structurae.de/structures/data/index.cfm?id=s0008679 

www.fiberline.com/structures/profiles-and-decks-

bridges/profiles- footbridges-and-cycle-bridges/case-stories-

footbridge/international-award- innovat 
Sobrino, J. A., Pulido, M.D.G.: Towards Advanced Composite Material 
Footbridges, Structural Engineering International IABSE 12(2) 2002: 

 

Sealife Park Dolphin Bridge 
 

Oahu 
USA, 
Hawaii 

 

2001
 

all 
 

Length: 11,0 m. Width 0,9 m. Manufactured by Strongwell Inc. 

 
 

 
West Mill Bridge over River Cole 

 
 
 

Shrivenha

m, 

Oxfordshir

e 

 
 

 
UK 

 
 

 
2002

 
 

 
all 

 
Length: 10,0 m. Width: 6,8 m. Manufactured by Fiberline 

Composites. www.fiberline.com/structures/profiles-and-decks-

bridges/profiles-road- bridges/case-stories-road-bridges/west-

mill-brid/west-mill-bridge-england 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume
 
Fredrikstad Bridge 

 
Fredrikstad 

 
Norway 

 
2003

 
all 

Length: 60,0 m. Width 3,0 m. Manufactured by Marine 

Composites. www.fireco.no/references/Gangbru 
 
Den Dungen Bridge 

 
Den Dungen 

The 

Netherland

 
2003

 
all 

 
Length: 10,0 m. Width: 3,7 m. 

 

Emory Brook Bridge 
 

Fairfield 
USA, 
Maine 

 

2003
 

all 
 

Length: 21,9 m. Width: 10,7 m. Manufactured by Gordon 
Composites. 

Wood Road Bridge over 
Cohocton 

 
Campbell 

USA, New 

York 

 
2003

 
all 

 
Length: 63,1 m. Width: 5,5 m. 

http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.fireco.no/references/Gangbru
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Country/ 
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Year 
USE of FRP 
composites 

 

Basic information and references 

Lake Jackson Bridge Lake Jackson USA, Texas 2003 all Length: 27,4 m. Width 1,8 m. 
 
 
Fiberline Footbridge in the area 
of 

GOŚ 

 

 
 

Lodz 

 

 
 

Poland 

 

 
 
2004

 

 
 

all 

 

Length: 0,0 m. Width: 0,0 m. Manufactured by Fiberline 
Composites. Zobel H., Karwowski W., Mossakowski P., Wróbel 
M.: Kladka komunikacyjna z kompozytów polimerowych w 
oczyszczalni scieków. 

Badania i doswiadczenia eksploatacyjne. Gospodarka Wodna 

Pedestrian bridge near the 
platform 

 
Moscow 

 
Russia 

 
2004

 
all 

Length: 41,4 m. Width: 3,0 m. Manufactured by 

ApATeCh. www.apatech.ru/chertanovo_eng.html 

Pedestrian bridge over the 
platform 

 
Moscow 

 
Russia 

 
2005

 
all 

Length: 47,0 m. Width: 5,0 m. Manufactured by 

ApATeCh. www.apatech.ru/kosino_eng.html 

Pedestrian bridge in 

recreation zone of Dubna-

 
Moscow 

 
Russia 

 
2005

 
all 

Length: 16,0 m. Width: 3,0 m. Manufactured by Fiberline 

Composites. www.apatech.ru/dubna_eng.html 

Pedestrian bridge in 

recreation zone of 

 
Moscow 

 
Russia 

 
2005

 
all 

Length: 20,0 m. Width: 2,3 m. Manufactured by 

ApATeCh. www.apatech.ru/lihoborka_eng.html 

Pedestrian bridge in 

recreation zone of 

 
Moscow 

 
Russia 

 
2006

 
all 

Length: 11,2 m. Width: 2,3 m. Manufactured by 

ApATeCh. www.apatech.ru/lihoborka-first_eng.html 

Pedestrian bridge in 

recreation zone of 

 
Moscow 

 
Russia 

 
2006

 
all 

Length: 11,2 m. Width: 2,3 m. Manufactured by 

ApATeCh. www.apatech.ru/lih-second_eng.html 

Pedestrian bridge in 

recreation zone of 

 
Moscow 

 
Russia 

 
2006

 
all 

Length: 25,0 m. Width: 2,6 m. Manufactured by 

ApATeCh. www.apatech.ru/lihoborka-

Pedestrian bridge in 

recreation zone of 

 
Moscow 

 
Russia 

 
2007

 
all 

Length: 58,2 m. Width: 3,7 m. Manufactured by 

ApATeCh. www.apatech.ru/lihoborka-

Pedestrian bridge over the 
platform 

“Testovskaya” 

 
Moscow 

 
Russia 

 
2007

 
all 

Length: 48,0 m. Width: 2,6 m. Manufactured by 

ApATeCh. www.apatech.ru/testovskaya1_eng.html 

Pedestrian bridge 

Moscow – Kuskovo 

 
Moscow 

 
Russia 

 
2007

 
all 

Length: 31,0 m. Width: 3,5 m. Manufactured by 

ApATeCh. www.apatech.ru/kuskovo_eng.html 

ApATeCh mobile 

pedestrian bridge 

 
Moscow 

 
Russia 

 
2007

 
all 

Length: 49,8 m. Width: 2,5 m. Manufactured by 

ApATeCh. www.apatech.ru/mobile_briges_eng.html 

Pedestrian bridge on the 
Highway 

 
Moscow 

 
Russia 

 
2007

 
all 

Length: 28,6 m. Width: 2,3 m. Manufactured by 

ApATeCh. www.apatech.ru/starokashirka_eng.html 

http://www.apatech.ru/chertanovo_eng.html
http://www.apatech.ru/kosino_eng.html
http://www.apatech.ru/dubna_eng.html
http://www.apatech.ru/lihoborka_eng.html
http://www.apatech.ru/lihoborka-first_eng.html
http://www.apatech.ru/lih-second_eng.html
http://www.apatech.ru/lihoborka-most3_eng.html
http://www.apatech.ru/lihoborka-most3_eng.html
http://www.apatech.ru/lihoborka-most4_eng.html
http://www.apatech.ru/lihoborka-most4_eng.html
http://www.apatech.ru/testovskaya1_eng.html
http://www.apatech.ru/kuskovo_eng.html
http://www.apatech.ru/mobile_briges_eng.html
http://www.apatech.ru/starokashirka_eng.html
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Basic information and references 

St Austell Bridge over 

Penzance- Paddington 

 
St Austell 

 
UK 

 
2007

 
all 

Length: 26,0 m. Manufactured by Pipex Structural 

Composites 

 
Nørre Aaby Footbridge 

 
Nørre Aaby 

 
Denmark 

 
2008

 
all 

www.fiberline.com/structures/profiles-and-decks-

bridges/profiles- footbridges-and-cycle-bridges/case-stories-

footbridge/crumbling-concrete- bridge-r 

 
ApATeCh arched footbridge 

 
Moscow 

 
Russia 

 
2008

 
all 

Length: 22,6 m. Width: 2,8 m. Manufactured by 

ApATeCh. www.apatech.ru/yauza_arc_eng.html 

www.apatech.ru/news_eng.html?id=22 
Pedestrian bridge near the 

586 km of the South-East 

  
Russia 

 
2008

 
all 

Length: 42,0 m. Width: 3,2 m. Manufactured by 

ApATeCh. www.apatech.ru/ryajsk_eng.html 
 
Bridge in Sochi 

 
Moscow 

 
Russia 

 
2008

 
all 

Length: 12,8 m. Width: 1,6 m. Manufactured by 

ApATeCh. http://www.apatech.ru/flyover_eng.html 

Cueva de Oñati-Arrikrutz 

Walkway 

 
Oñati-Arrikrutz 

 
Spain 

 
2008

 
all 

www.fiberline.com/structures/case-stories-other-

structures/grp-walkway- spanish-cave/grp-walkway-spanish-
 
 
Whatstandwell Footbridge 

 
 

Derbyshire 

 
 

UK 

 
 
2009

 
 

all 

Length: 8,0 m. Width: 1,6 m. Manufactured by Pipex Structural 

Composites 

www.pipexstructuralcomposites.co.uk/news/news.php?id=40&

archived=tr ue 
 
 
Bradkirk Footbridge 

 
 

Bradkirk 

 
 

UK 

 
 
2009

 
 

all 

Length: 24,0 m. Manufactured by AM Structures Ltd. 

www.gurit.com/bradkirk-bridge-2010.aspx 

www.compositesworld.com/news/composite-footbridge-

installed-in-six- hours 
 
River Leri Footbridge 

 
Ynyslas 

 
UK 

 
2009

 
all 

Length: 90,0 m. 

en.structurae.info/structures/data/index.cfm?id=s

Pedestrian bridge at the 30th 
km of 

  
Russia 

 
2010

 
all 

Length: 21,0 m. Width: 3,0 m. Manufactured by 

ApATeCh. www.apatech.ru/odincovo_eng.html 

http://www.tech.plym.ac.uk/sme/composites/bridges.htm
http://www.tech.plym.ac.uk/sme/composites/bridges.htm
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-
http://www.apatech.ru/yauza_arc_eng.html
http://www.apatech.ru/news_eng.html?id=22
http://www.apatech.ru/ryajsk_eng.html
http://www.apatech.ru/flyover_eng.html
http://www.fiberline.com/structures/case-stories-other-structures/grp-walkway-
http://www.fiberline.com/structures/case-stories-other-structures/grp-walkway-
http://www.pipexstructuralcomposites.co.uk/news/news.php?id=40&amp;archived=tr
http://www.pipexstructuralcomposites.co.uk/news/news.php?id=40&amp;archived=tr
http://www.gurit.com/bradkirk-bridge-2010.aspx
http://www.compositesworld.com/news/composite-footbridge-installed-in-six-
http://www.compositesworld.com/news/composite-footbridge-installed-in-six-
http://www.apatech.ru/odincovo_eng.html
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Manzanares Footbridge 

 

 
 

Madrid 

 

 
 

Spain 

 

 
 
2011 

 

 
 

all 

Length: 44,0 m. 

www.netcomposites.com/newspic.asp?6634 

www.mundoplast.com/noticia/jec-innovation-award-

para-acciona- huntsman/61235 

www.tech.plym.ac.uk/sme/composites/bridges.htm#mad
      Albrandswaard Traffic 
bridge 

Nijverheidsweg 
Rhoon 

Netherlands 2010 all Length: 10,5 m, width: 4,5 m www.fibercore-europe.com 

60 tons traffic bridge 
Oosterwolde 

Oosterwolde Netherlands 2010 all Length: 12 m, width: 11,2 m www.fibercore-europe.com 

Traffic bridge Marebrug Leiden Netherlands 2010 all Length: 9,3 m, width: 10,5 m Mass: 7500 kg 
www.fibercore-europe.com 

Traffic bridge 
Maarssensweg 

Utrecht Netherlands 2011 all Length: 6,8 m, width: 9 m Mass: 10,000 kg 
www.fibercore-europe.com 

12-056 brig Hoogstraten 
–bicycle bridge  

Hoogstraten, 
Strijbeek 

Netherlands 2012 all Length: 10 m, width: 2,25 m  
www.fibercore-europe.com 

12-042 Biobridge (6 
bicycles bridges)  

Eendragtspolder 
/Rotterdam 

Netherlands 2012 all Length: 12,25-16 m, width: 1,64-3,64 m  
www.fibercore-europe.com , one bridge with biological 

resin 

12-043 Bicycle Bridge  Krommenie Netherlands 2012 all Length: 14 m, width: 3 m  
www.fibercore-europe.com 

12-047 Island Bridge Amelo Netherlands 2012 all Length: 10,7 m, width: 4 m  
www.fibercore-europe.com 

 

 
 

 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

http://www.netcomposites.com/newspic.asp?6634
http://www.mundoplast.com/noticia/jec-innovation-award-para-acciona-
http://www.mundoplast.com/noticia/jec-innovation-award-para-acciona-
http://www.tech.plym.ac.uk/sme/composites/bridges.htm
http://www.tech.plym.ac.uk/sme/composites/bridges.htm
http://www.fibercore-europe.com/
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11-026 bridges(2) 
(pedestrian & occasional 
vehicle) 

Haarlem Netherlands 2012 all Length: 13,2 m, width: 9,5 m  
www.fibercore-europe.com 

11-006 bridges (2) Borne Bongerdsweg Netherlands 2012 all Length: 15 m, width: 4 m  
www.fibercore-europe.com 

11- 028 bridges (2) Horn Holenweg Netherlands 2012 all Length: 7,65 m, width: 3 m  
www.fibercore-europe.com, bicycle & road bridges 

11-019 bridges (2)  Sommelsdijk Netherlands 2012 all Lengths: 31 & 29 m, widths: 1,2 & 4 m  
www.fibercore-europe.com, bicycle bridges 

11-022 bridges (3) 
Deventer 

Zandwetering 
Park 

Netherlands 2012 all Length: 22 m, width: 2,5 m  
www.fibercore-europe.com, bicycle & road bridges 

Bridges (5) Wognum Multifunctional 
center, Wognum 

Netherlands 2011 all Length: 10-11 m, width: 1,5-5,4 m  
www.fibercore-europe.com, bicycle & road bridges 

Bicycle Bridges (2) 
Nagele 

Nagele Netherlands 2011 all Length: 20 m, width: 1,5 & 2,5 m  
www.fibercore-europe.com, bicycle & pedestrian 

Cycle bridge  Roosendaal Netherlands 2010 all Length: 3x 12 m, width: 5 m  
www.fibercore-europe.com,  

Bride Ghent Ghent, Old Fish 
Market 

Belgium 2010 all Length: 17,5 m, width: 2,5 m  
www.fibercore-europe.com, bicycle & pedestrian 

Bridge Potgieterstraat Rotterdam Netherlands 2010 all Length: 18 m, width: 2,25 m  
www.fibercore-europe.com, bicycle & pedestrian 

2 composite cycle 
bridges Purmerend 

Purmerend Netherlands 2009 all Length: 16 m, width: 2,5 & 3,75 m  
www.fibercore-europe.com,  

Composite cycle bridge 
Hague 

Spoorlaan, The 
Hague 

Netherlands 2009 all Length: 2x 13,25 m, width 5 m  
www.fibercore-europe.com, bicycle & pedestrian 

Composite bridge for 
China 

Shanghai China 2009 all Length: 11,5 m, width: 2 m  
www.fibercore-europe.com, bicycle & pedestrian 

http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
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Infracore bridge  Tholen Netherlands 2013 all www.fibercore-europe.com, bicycle & pedestrian 
current 

Composite cycle bridge Ijsselmonde Netherlands 2009 all Length: 9,8 m, width: 2,75 m  
www.fibercore-europe.com 

Composite slow-traffic 
bridge Hoogvliet 

Rotterdam Netherlands 2008 all Length: 14 m, width: 2,75 m  
www.fibercore-europe.com, pedestrian but suitable for 6 

ton assistance vehicle 

Composite cycle bridge  Krilpad 
Krimpenerwaard 

Netherlands 2007 all Length: 10 m, width: 2,75 m  
www.fibercore-europe.com. Fit for 6 ton assistamce 

vehicle 

Composite slow traffic 
bridge  

Dronten Netherlands 2007 all Length: 24 m, width: 5 m  
www.fibercore-europe.com. Pedestrian but fit for 6 ton 

assistance vehicle 

De Koegelwiek Harlingen 
harbour 

Netherlands 1997 all Length: 15 m, width: 2,5 m  
www.fibercore-europe.com.  

Total full FRP bridges : 80 

 
A27 Lunetten Viaduct 

 
Lunetten 

 
Netherland

s 

 
2012 

deck Length: 142 m , width: 6,2 m www.fibercore-europe.com 

 

Unknown 
 

Charlottesville 
USA, 

Virginia 

 

1978
 

deck 
 

Length: 4,9 m. Width 2,1 m. 

 
Guanyinquiao Bridge 

 
Chongquing 

 
China 

 
1988

 
deck 

Length: 157,0 m. Width: 4,6 m. Manufactured by Chongquing 
Glass Fiber 

A19 Tees Viaduct Middlesborough UK 1988 deck Manufactured by Maunsell Structural Plastics. 

Jiangyou Bridge Jiangyou China 1990 deck Manufactured by Chongquing Glass Fiber Product Factory. 
 
Panzhihua Bridge 

 
Panzhihua 

 
China 

 
1992

 
deck 

Length: 24,1 m. Width: 3,0 m. Manufactured by Chongquing Glass
Fiber 

 
Bromley South Bridge 

 
Kent 

 
UK 

 
1992

 
deck 

Length: 210,0 m. Manufactured by Maunsell Structural Plastics. 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume

ntID=1 
 
Chuanmian Bridge 

 
Chengdu 

 
China 

 
1993

 
deck 

Length: 10,7 m. Width: 5,2 m. Manufactured by Chongquing Glass
Fiber 

http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.fibercore-europe.com/
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
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Xiangyang Bridge 

 
Chengdu 

 
China 

 
1993

 
deck 

Length: 50,0 m. Width: 4,0 m. Manufactured by Chongquing Glass
Fiber 

 

 
Parson's Bridge 

 

 
Dyfed 

 

 
UK 

 

 
1995

 

 
deck 

Length: 17,7 m. Width 3,0 m. Manufactured by Strongwell Inc. 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume

ntID=1 

007 

LaSalle Street Pedestrian 
Walkway 

 

Chicago 
USA, 

Illinios 

 

1995
 

deck 
 

Length: 67,1 m. Width 3,7 m. Manufactured by Strongwell Inc. 

 
 
Second Severn Bridge 

 
 

Bristol 

 
 

UK 

 
 
1996

 
 

deck 

 
Length: 29,4 m. Width 9,1 m. Manufactured by GEC Reinforced 

Plastics. 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume

ntID=1 
008 

Contd..

http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
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Rogiet Bridge Gwent UK 1996 deck Manufactured by Maunsell Structural Plastics. 
 
UCSD Road Test Panels 

 
San Diego 

USA, 

Californi

 
1996

 
deck 

Length: 4,6 m. Width: 2,4 m. Manufactured by Martin Marietta 

Composites. 
 
No-Name Creek Bridge 

 
Russell 

USA, 

Kansas 

 
1996

 
deck 

Length: 7,3 m. Width: 8,2 m. Manufactured by Kansas Structural 

Composites, Inc. 
 
Staffordshire Highbridge 

 
Staffordshire 

 
UK 

 
1997

 
deck 

Length: 45,1 m. Width 3,0 m. Manufactured by Maunsell 
Structural 

Magazine Ditch Bridge (Del 

Memorial Bridge) 

 
New Castle 

USA, 

Delaware 

 
1997

 
deck 

 
Length: 21,3 m. Width: 6,1 m. Manufactured by Hardware 
Composites. 

 

Washington Schoolhouse Road 
 

Cecil 
USA, 

Maryland 

 

1997
 

deck 
 

Length: 6,1 m. Width: 7,6 m. Manufactured by Hardcore 
Composites. 

Shawnee Creek Bridge Xenia USA, Ohio 1997 deck Length: 7,3 m. Width: 3,7 m. Manufactured by Creative 
 
Wickwire Run Bridge 

 
Grafton / Taylor 

USA, West 

Virginia 

 
1997

 
deck 

 
Length: 9,1 m. Width: 6,7 m. Manufactured by Creative 
Pultrusions Inc. 

 
 
Laurel Lick Bridge 

 
 

Lewis 

 

 
U1SA, West 

Virginia 

 
 
1997

 
 

deck 

Length: 6,1 m. Width: 4,9 m. Manufactured by Creative 
Pultrusions Inc. Aluri S., Jinka C., GangaRao H. V. S. Dynamic 
Response of Three Fiber Reinforced Polymer Composite Bridges, 
Journal of Bridge Engineering, 

Vol. 10, No. 6, Nov/Dec 2005, pp. 722- 
EXPO Bridge 

 
Lisbon 

 
Portugal 

 
1998

 
deck 

Length: 30,0 m. 

www.gurit.com/expo-bridge-1998.aspx 
 
 
 
Bridge 1-351 SR896 over 
Muddy 

Run 

 
 

 
Newark 

 
 
 

USA, 

Delawar

e 

 
 

 
1998

 
 

 
deck 

Length: 9,8 m. Width: 7,9 m. Manufactured by Hardware 
Composites. Gillespie, J. W., Eckel, D.A., Edberg, W.M., Sabol, S.A., 
Mertz, D.R., Chajes, M.J., Shenton III, H.W., Hu, C., Chaudhri, M., Faqiri, 
A., Soneji, J., Bridge 1-351 Over Muddy Run: Design, Testing and 
Erection of an All- Composite Bridge, Journal of the Transportation 
Research Record, TRB, 

1696(2), 2000, 118-123 

 

Route 248 over Bennett's 
Creek 

 

West Union 
USA, New 
York 

 

1998
 

deck 
 

Length: 7,6 m. Width: 10,1 m. Manufactured by Hardcore 
Composites. 

http://www.gurit.com/expo-bridge-1998.aspx
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Rowser Farm Bridge 

 
Bedford 

USA, 
Pennsylva

ni a 

 
1998

 
deck 

 
Length: 4,9 m. Width: 3,7 m. Manufactured by Creative 
Pultrusions Inc. 

 
Wilson's Bridge 

 
Chester 

USA, 

Pennsylva

ni 

 
1998

 
deck 

 
Length: 19,8 m. Width: 4,9 m. Manufactured by Hardcore 
Composites. 

 

Laurel Run Road Bridge, Route 

4003 

 
Somerset 

USA, 
Pennsylva

ni a 

 
1998

 
deck 

 
Length: 6,7 m. Width: 7,9 m. Manufactured by Creative 
Pultrusions Inc. 

 

Greensbranch Pedestrian 
Bridge 

 

Smyrna 
USA, 

Delawar
e 

 

1999
 

deck 
 

Length: 9,8 m. Width 1,8 m. Manufactured by Hardcore 
Composites. 

 

Greensbranch - Vehicular 
Bridge 

 

Smyrna 
USA, 

Delawar
e 

 

1999
 

deck 
 

Length: 6,4 m. Width: 3,7 m. Manufactured by Hardware 
Composites. 

 

Mill Creek Bridge 
 

Wilmington 
USA, 

Delawar
e 

 

1999
 

deck 
 

Length: 11,9 m. Width: 5,2 m. Manufactured by Hardware 
Composites. 

Crawford County Bridge (1) 
(Rt 

 
Pittsburgh 

USA, 

Kansas 

 
1999

 
deck 

Length: 13,7 m. Width: 9,8 m. Manufactured by Kansas Structural 

Composites, Inc. 

Crawford County Bridge (2) 
(Rt 

 
Pittsburgh 

USA, 

Kansas 

 
1999

 
deck 

Length: 13,7 m. Width: 9,8 m. Manufactured by Kansas Structural 

Composites, Inc. 

Levisa Fork of the Big Sandy 

River Footbridge 

 
Johnson 

USA, 

Kentucky 

 
1999

 
deck 

 
Length: 12,8 m. Width 1,2 m. Manufactured by Strongwell Inc. 

 

Route 367 over Bentley Creek 
 

Elmira 
USA, New 
York 

 

1999
 

deck 
 

Length: 42,7 m. Width: 7,6 m. Manufactured by Hardcore 
Composites. 

 
SR 47 over Woodington Run 

 
Darke 

 
USA, Ohio 

 
1999

 
deck 

Length: 15,2 m. Width: 14,0 m. Manufactured by Martin Marietta 

Composites. 
 

 
Salem Ave Bridge (1) (State Rt 

49) 

 
 

Dayton 

 
 
USA, Ohio 

 
 
1999

 
 

deck 

 
Length: 51,2 m. Width: 15,2 m. Manufactured by Creative 

Pultrusions Inc. National Cooperative Highway Research Program, 

Report 564: Field inspection of in-service FRP bridge decks, p. 

106-111  
Salem Ave Bridge (2) (State Rt 

49) 

 

 
Dayton 

 

 
USA, Ohio 

 

 
1999

 

 
deck 

Length: 51,2 m. Width: 15,2 m. Manufactured by Hardcore 

Composites. National Cooperative Highway Research Program, 

Report 564: Field inspection of in-service FRP bridge decks, p. 
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Salem Ave Bridge (3) (State Rt 

49) 

 
 

Dayton 

 
 
USA, Ohio 

 
 
1999

 
 

deck 

Length: 17,7 m. Width: 15,2 m. Manufactured by Infrastructure 

Composites International. 

National Cooperative Highway Research Program, Report 

564: Field inspection of in-service FRP bridge decks, p. 

106-111  

 
Salem Ave Bridge (4) (State Rt 

49) 

 
 

Dayton 

 
 
USA, Ohio 

 
 
1999

 
 

deck 

Length: 18,9 m. Width: 9,1 m. Manufactured by Composite Deck 

Solutions. 

National Cooperative Highway Research Program, Report 

564: Field inspection of in-service FRP bridge decks, p. 

Troutville Weigh Station Ramp 

I-81 (2) 

 
Troutville 

USA, 

Virginia 

 
1999

 
deck 

 
Length: 6,1 m. Width: 6,1 m. Manufactured by Creative 
Pultrusions Inc. 

 
Sedlitz & Senftenberg Bridge 

Sedlitz & 

Senftenber

g 

 
Germany 

 
2000

 
deck 

 
Length: 20,1 m. Width: 2,4 m. Manufactured by Creative 
Pultrusions, Inc. 
  

Milbridge Municipal Pier 
 

Milbridge 
USA, 
Maine 

 

2000
 

deck 
 

Length: 53,3 m. Width: 4,9 m. Manufactured by University of 
Maine. 

 

Wheatley Road 
 

Cecil 
USA, 

Maryland 

 

2000
 

deck 
 

Length: 10,4 m. Width: 7,3 m. Manufactured by Hardcore 
Composites. 

 

Route 223 over Cayuta Creek 
 

Van Etten 
USA, New 
York 

 

2000
 

deck 
 

Length: 39,3 m. Width: 8,8 m. Manufactured by Hardcore 
Composites. 

 
SR 418 over Schroon River 

 
Warrensburg 

USA, New 

York 

 
2000

 
deck 

Length: 48,8 m. Width: 7,9 m. Manufactured by Martin Marietta 

Composites. 
 

South Broad Street Bridge 
 

Wellsville 
USA, New 
York 

 

2000
 

deck 
 

Length: 36,6 m. Width: 8,8 m. Manufactured by Hardcore 
Composites. 

Sintz Road Bridge Clark USA, Ohio 2000 deck Length: 33,5 m. Width: 15,2 m. Manufactured by Hardcore 
Composites. 

Elliot Run (Highway 14 over 

Elliot Run) 

 
Knox 

 
USA, Ohio 

 
2000

 
deck 

 
Length: 11,9 m. Width: 7,9 m. Manufactured by Hardcore 
Composites. 

 
Westbrook Road Bridge over 

Dry Run Creek 

 
Montgomery 

 
USA, Ohio 

 
2000

 
deck 

 
Length: 10,4 m. Width: 10,1 m. Manufactured by Hardcore 

Composites. www.rdoapp.psu.ac.th/html/sjst/journal/30-4/0125-

http://www.rdoapp.psu.ac.th/html/sjst/journal/30-4/0125-3395-30-4-501-508.pdf
http://www.rdoapp.psu.ac.th/html/sjst/journal/30-4/0125-3395-30-4-501-508.pdf
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Market Street Bridge 

 

 
 

Wheeling 

 
 

USA, West 

Virginia 

 

 
 
2000

 

 
 

deck 

 

Length: 57,9 m. Width: 17,1 m. Manufactured by Creative 
Pultrusions Inc. Aluri S., Jinka C., GangaRao H. V. S. Dynamic 
Response of Three Fiber Reinforced Polymer Composite Bridges, Journal 
of Bridge Engineering, Vol. 10, No. 6, Nov/Dec 2005, 722-730 

Buehl-Balzhofen Bridge  Germany 2001 deck Length: 11,9 m. Manufactured by Creative Pultrusions, Inc. 

 
A30 Halgavor Bridge 

 
Halgavor 

 
UK 

 
2001

 
deck 

Length: 47,2 m. Width 3,7 m. Manufactured by Vosper 

Thorneycroft 

www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?Docume
South Fayette Street over 
Town 

 
Jacksonville 

USA, 

Illinio

 
2001

 
deck 

Length: 15,2 m. Width: 7,0 m. Manufactured by Martin Marietta 

Composites. 
 
53rd Ave Bridge 

 
Bettendorf 

 
USA, Iowa 

 
2001

 
deck 

Length: 14,3 m. Width: 29,3 m. Manufactured by Martin Marietta 

Composites. 
 
Crow Creek Bridge 

 
Bettendorf 

 
USA, Iowa 

 
2001

 
deck 

Length: 14,3 m. Width: 29,9 m. Manufactured by Martin Marietta 

Composites. 
 
Skidmore Bridge Washington 

 
Union 

USA, 

Maine 

 
2001

 
deck 

Length: 18,9 m. Width: 7,0 m. Manufactured by University of 
Kenway 

 
MD 24 over Deer Creek 

 
Harford 

USA, 

Maryland 

 
2001

 
deck 

Length: 39,0 m. Width: 9,8 m. Manufactured by Martin Marietta 

Composites. 
 

Snouffer School Road 
 

Montgomery 
USA, 

Maryland 

 

2001
 

deck 
 

Length: 8,8 m. Width: 10,1 m. Manufactured by Hardcore 
Composites.  

Aurora Pedestrian Bridge 
 

Aurora 
USA, 

Nebrask

 
2001

 
deck 

Length: 30,5 m. Width 3,0 m. Manufactured by Kansas Structural 

Composites Inc. 

Osceola Road over East Branch 

Salmon River (CR 46) 

 
Lewis 

USA, New 

York 

 
2001

 
deck 

Length: 11,0 m. Width: 7,9 m. Manufactured by Martin Marietta 

Composites. 

Triphammer Road over 
Conesus 

Lake Outlet CR 52 

 
Livingston 

USA, New 

York 

 
2001

 
deck 

 
Length: 12,5 m. Width: 10,1 m. Manufactured by Hardcore 
Composites. 

Route 36 over Tributary to 

Troups Creek 

 
Troupsbury 

USA, New 

York 

 
2001

 
deck 

Length: 9,8 m. Width: 11,3 m. Manufactured by Kansas Structural 

Composites, Inc. 

http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
http://www.ngcc.org.uk/DesktopModules/ViewDocument.aspx?DocumentID=1
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Service Route 1627 over 
Mill´s 

 
Union 

USA, North 

Carolina 

 
2001

 
deck 

Length: 12,2 m. Width: 7,6 m. Manufactured by Martin Marietta 

Composites. 

Shaffer Road Bridge Ashtabula USA, Ohio 2001 deck Length: 53,3 m. Width: 5,2 m. Manufactured by Hardcore 
 
Stelzer Road Bridge 

 
Columbus 

 
USA, Ohio 

 
2001

 
deck 

Length: 118,0 m. Width: 10,7 m. Manufactured by Fiber 
Reinforced 

 
Tyler Road over Bokes Creek 

 
Delaware 

 
USA, Ohio 

 
2001

 
deck 

Length: 36,6 m. Width: 6,1 m. Manufactured by Fiber Reinforced 
Systems 

Five Mile Road Bridge #0087 Hamilton USA, Ohio 2001 deck Length: 14,3 m. Width: 9,1 m. Manufactured by Hardcore 

Five Mile Road Bridge #0071 Hamilton USA, Ohio 2001 deck Length: 13,1 m. Width: 9,1 m. Manufactured by Hardcore 

Spaulding Road Bridge Kettering USA, Ohio 2001 deck Length: 25,3 m. Width: 17,1 m. Manufactured by Hardcore 

Lewis & Clark Bridge 

(Warrenton - Astoria) 

 
Clatsop 

USA, 

Oregon 

 
2001

 
deck 

Length: 37,8 m. Width: 6,4 m. Manufactured by Martin Marietta 

Composites. 
 

SR 4012 over Slippery Rock 

Creek 

 
Boyers 

USA, 

Pennsylva

ni 

 
2001

 
deck 

 

Length: 12,8 m. Width: 7,9 m. Manufactured by Martin Marietta 

Composites. 

 
SR 1037 over Dubois Creek 

 
Susquehanna 

USA, 
Pennsylva

ni a 

 
2001

 
deck 

 
Length: 6,7 m. Width: 10,1 m. Manufactured by Hardcore 
Composites. 

RT S655 over Norfolk - 
Southern 

 
Spartanburg 

USA, South 

Carolina 

 
2001

 
deck 

Length: 18,3 m. Width: 8,2 m. Manufactured by Martin Marietta 

Composites. 
 
Montrose Bridge 

 
Elkins 

USA, West 

Virginia 

 
2001

 
deck 

 
Length: 11,9 m. Width: 8,5 m. Manufactured by Hardcore 
Composites. 

 
West Buckeye Bridge 

 
Morgantown 

USA, West 

Virginia 

 
2001

 
deck 

Length: 45,1 m. Width: 11,0 m. Manufactured by Kansas 
Structural 

 
Hanover Bridge 

 
Pendleton 

USA, West 

Virginia 

 
2001

 
deck 

Length: 36,6 m. Width: 8,5 m. Manufactured by Kansas Structural 

Composites, Inc. 
 
Boy Scout Bridge 

 
Princeton 

USA, West 

Virginia 

 
2001

 
deck 

 
Length: 9,4 m. Width: 7,9 m. Manufactured by Hardcore 
Composites. 
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Katy Truss Bridge 

 
 

Marion 

 

 
USA, West 

Virginia 

 
 
2001

 
 

deck 

Length 27,4 m. Width 4,3 m. 
Aluri S., Jinka C., GangaRao H. V. S. Dynamic Response of Three Fiber 
Reinforced Polymer Composite Bridges, Journal of Bridge 
Engineering, 

 
Towoomba Bridge 

 
Towoomba 

 
Australia 

 
2002

 
deck 

Length: 10,0 m. Width: 5,5 m. Manufactured by Univ. Southern 

Queensland. 

 
Klipphausen Bridge 

 
Klipphausen 

 
Germany 

 
2002

 
deck 

www.fiberline.com/structures/profiles-and-decks-

bridges/profiles-road- bridges/case-stories-road-

bridges/germany’s-firs/germany’s-first-road- bridge 

Benten Bridge Fukushima Japan 2002 deck Length: 60,0 m. Width: 3,0 m. Manufactured by NEFMAC. 
 

O'Fallon Park Bridge 
 

Denver 
USA, 

Colorad

 

2002
 

deck 
 

Length: 30,5 m. Width 6,7 m. Manufactured by Strongwell Inc. 

County Road 153 over White 

Creek 

 
Washington 

USA, New 

York 

 
2002

 
deck 

 
Length: 16,5 m. Width: 8,2 m. Manufactured by Hardcore 
Composites. 

Fairgrounds Road Bridge 

over little Miami River 

 
Greene 

 
USA, Ohio 

 
2002

 
deck 

Length: 69,5 m. Width: 9,8 m. Manufactured by Martin Marietta 

Composites. 
 
CR 76 over Cat's Creek 

 
Washington 

 
USA, Ohio 

 
2002

 
deck 

Length: 24,7 m. Width: 7,3 m. Manufactured by Martin Marietta 

Composites. 

Old Youngs Bay Bridge 

(Warrenton - Astoria) 

 
Clatsop 

USA, 

Oregon 

 
2002

 
deck 

Length: 53,6 m. Width: 6,4 m. Manufactured by Martin Marietta 

Composites. 
 
T 565 over Dunning Creek 

 
Bedford 

USA, 

Pennsylva

ni 

 
2002

 
deck 

 

Length: 27,7 m. Width: 6,7 m. Manufactured by Martin Marietta 

Composites. 

 
Katty Truss Bridge 

 
Bridgeport 

USA, West 

Virginia 

 
2002

 
deck 

 
Length: 27,4 m. Width: 4,3 m. Manufactured by Creative 
Pultrusions Inc. 

 

 
Schwerin-Neumühle Bridge 

 

 
Schwerin 

 

 
Germany 

 

 
2003

 

 
deck 

 
Length: 45,0 m. Width: 2,5 m. Manufactured by Creative 

Pultrusions, Inc. 

en.structurae.de/structures/data/index.cfm?id=s0011877  
Ribble Way Footbridge 

 
Lancashire 

 
UK 

 
2003

 
deck 

Length: 131,1 m. Width 3,0 m. Manufactured by Vosper 

Thorneycroft 

http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
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Name of the Bridge 
 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

 
Schuyler Heim Lift Bridge 

 
Long Beach 

USA, 

Californi

 
2003

 
deck 

Length: 10,7 m. Width: 11,0 m. Manufactured by Martin Marietta 

Composites. 
 
Kansas Detour Bridge (1) 

 
Kansas 

USA, 

Kansas 

 
2003

 
deck 

Length: 18,3 m. Width: 9,1 m. Manufactured by Kansas Structural 

Composites, Inc. 
 
Kansas Detour Bridge (2) 

 
Kansas 

USA, 

Kansas 

 
2003

 
deck 

Length: 18,3 m. Width: 9,1 m. Manufactured by Kansas Structural 

Composites, Inc. 
 
 
Popolopen Creek Bridge 

 
 

Bear Mountain 

 

 
USA, New 

York 

 
 
2003

 
 

deck 

Length 18,9 m. Width 1,8 m. Manufactured by Strongwell Inc. 

And E. T. Techtonics 

www.ettechtonics.com/pedestrian_and_trail_bridges/project_g

allery/popol open.php 

 
Hales Branch Road Bridge 

 
Clinton 

 
USA, Ohio 

 
2003

 
deck 

Length: 19,8 m. Width: 7,3 m. Manufactured by Martin Marietta 

Composites. 

County Line Road over Tiffin 

River 

 
Defiance 

 
USA, Ohio 

 
2003

 
deck 

Length: 57,0 m. Width: 8,5 m. Manufactured by Martin Marietta 

Composites. 

Hotchkiss Road over 
Cuyahoga 

 
Geauga 

 
USA, Ohio 

 
2003

 
deck 

Length: 19,8 m. Width: 8,5 m. Manufactured by Martin Marietta 

Composites. 
 
Hudson Road over Wolf Creek 

 
Summit 

 
USA, Ohio 

 
2003

 
deck 

Length: 35,7 m. Width: 10,4 m. Manufactured by Martin Marietta 

Composites. 
 

US 101 over Siuslaw River 
 

Florence 
USA, 
Oregon 

 

2003
 

deck 
 

Length: 46,9 m. Width: 8,5 m. 

 
Chief Joseph Dam Bridge 

 
Bridgeport 

USA, 

Washingto

 
2003

 
deck 

 
Length: 90,8 m. Width: 9,8 m. 

 
Howell's Mill Bridge 

 
Cabell 

USA, West 

Virginia 

 
2003

 
deck 

Length: 74,7 m. Width: 10,1 m. Manufactured by Martin Marietta 

Composites. 
 

 
 
Goat Farm Bridge 

 

 
 

Jackson 

 
 

USA, West 

Virginia 

 

 
 
2003

 

 
 

deck 

 
Length: 12,2 m. Width: 4,6 m. Manufactured by Kansas 

Structural Composites, Inc. 

infor.eng.psu.ac.th/kpi_fac/file_link/P937FPaper.pdf 

www.rdoapp.psu.ac.th/html/sjst/journal/30-4/0125-3395-30-4-
501-508.pdf 

http://www.ettechtonics.com/pedestrian_and_trail_bridges/project_gallery/popol
http://www.ettechtonics.com/pedestrian_and_trail_bridges/project_gallery/popol
http://www.rdoapp.psu.ac.th/html/sjst/journal/30-4/0125-3395-30-4-501-508.pdf
http://www.rdoapp.psu.ac.th/html/sjst/journal/30-4/0125-3395-30-4-501-508.pdf


 
Appendix A 

 

 
 
 

 

Name of the Bridge 
 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

 
La Chein Bridge 

 
Monroe 

USA, West 

Virginia 

 
2003

 
deck 

Length: 9,8 m. Width: 7,3 m. Manufactured by Bedford 
Reinforced 

 
US 151 over SH 26 

 
Fond de Lac 

USA, 

Wisconsin 

 
2003

 
deck 

 
Length: 32,6 m. Width: 13,1 m. Manufactured by Hughes Bros., 
Inc. 

 
US 151 over SH 26 

 
Fond de Lac 

USA, 

Wisconsin 

 
2003

 
deck 

 
Length: 65,2 m. Width: 11,9 m. Manufactured by Diversified 
Composites. 

Pedestrian passage on the 

23rd kilometre of the 

Highway “Leningradskoe” 

 

 
Moscow 

 

 
Russia 

 

 
2005

 

 
deck 

 
Length: 56,8 m. Width: 3,9 m. Manufactured by 

ApATeCh. www.apatech.ru/lenroad_eng.html 

 

 
Garstang Mount Pleasant M6 

Bridge 

 
 

Lancashire 

 
 

UK 

 
 
2006

 
 

deck 

www.fiberline.com/structures/profiles-and-decks-

bridges/profiles-road- bridges/case-stories-road-bridges/new-

grp-bridge/new-grp-bridge-across- uk-mo 

www.infrasite.net/news/news_article.php?ID_nieuwsberichten=

4403 

 
Tangier Island Bridge 

 
Tangier Island 

USA, 

Virginia 

 
2006

 
deck 

Manufactured by ZellComp, Inc. 

http://www.zellcomp.com/highway_bridge_ins

tal.html 

Pedestrian bridge over 

the platform “Depot” 

 
Moscow 

 
Russia 

 
2007

 
deck 

Length: 279,0 m (13 spans). Width: 3,0 m. Manufactured by 

ApATeCh. www.apatech.ru/depo_eng.html 

Pedestrian bridge in 

recreation zone 

 
Moscow 

 
Russia 

 
2007

 
deck 

Length: 79,5 m. Width: 3,7 m. Manufactured by 

ApATeCh. www.apatech.ru/caricino_eng.html 

Pedestrian bridge in 

recreation zone 

“Tsaritsyno Ponds” (2) 

 
Moscow 

 
Russia 

 
2007

 
deck 

Length: 58,2 m. Width: 3,7 m. Manufactured by 

ApATeCh. www.apatech.ru/caricino-second_eng.html 

 
Bradford Bridge 

 
Bradford 

USA, 

Vermont 

 
2007

 
deck 

Manufactured by ZellComp, Inc. 

http://www.zellcomp.com/highway_bridge_ins

tal.html 

 
 

 

http://www.apatech.ru/lenroad_eng.html
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.infrasite.net/news/news_article.php?ID_nieuwsberichten=4403
http://www.infrasite.net/news/news_article.php?ID_nieuwsberichten=4403
http://www.zellcomp.com/highway_bridge_instal.html
http://www.zellcomp.com/highway_bridge_instal.html
http://www.apatech.ru/depo_eng.html
http://www.apatech.ru/caricino_eng.html
http://www.apatech.ru/caricino-second_eng.html
http://www.zellcomp.com/highway_bridge_instal.html
http://www.zellcomp.com/highway_bridge_instal.html
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Name of the Bridge 
 

Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

 

 
 
 
 
 
 
 
 
Friedberg Bridge over B3 

Highway 

 
 
 
 
 
 
 
 
 

Friedberg 

 
 
 
 
 
 
 
 
 

Germany 

 
 
 
 
 
 
 
 
 
2008

 
 
 
 
 
 
 
 
 

deck 

 

Knippers, J. and Gabler, M., New Design Concepts for Advanced 

Composite Bridges - The Friedberg Bridge in Germany, IABSE Report, 
Vol. 92, 2007, 332-333 
Knippers, J. and Gabler, M., The FRP road bridge in Friedberg Germany
– new approaches to a holistic and aesthetic design, in Proc. 4th Inter. 

Conf. on FRP Composites in Civil Engineering (CICE2008), Empa, 

Duebendorf, 2008, Paper 7.D.6 p. 6. (CD-ROM). ISBN 978-3-905594-

50- 
8 
Knippers, J., Pelke E, Gabler M, and Berger, D., Bridges with Glass 
Fibre 
Reinforced Polymers (GFRP) decks - The new Road Bridge in Friedberg 
(Hessen, Germany), Stahlbau, 787, 2009, 462-470 

en.structurae.de/structures/data/index.cfm?id=s0021440 

www.fiberline.com/structures/profiles-and-decks-

bridges/profiles-road- bridges/case-stories-road-

bridges/german-highway/german-highways- agency-comb 

Footbridge over road no. 

11 n. Gadki 

 
Gadki 

 
Poland 

 
2008

 
deck 

 
Manufactured by Fiberline Composites. 

 
 

 
Holländerbrücke 

 
 

 
Reinbeck 

 
 

 
Germany 

 
 

 
2009

 
 

 
deck 

Length: 98,0 m. Width: 3,5 m. Manufactured by Fiberline 
Composites. Sobek W.; Trumpf H.; Stork L.; Weidler N.: The 
Hollaenderbruecke. Economic and architecturally sophisticated design 
employing steel and GFRP, In: Steel Construction 1 (2008), vol. 
1, pp. 34–41 
en.structurae.de/structures/data/index.cfm?id=s0043136 

www.youtube.com/watch?v=CFqX9oFkB8I 
 
Belle Glade Bridge 

 
Belle Glade 

USA, 

Florida 

 
2009

 
deck 

Manufactured by ZellComp, Inc. 

http://www.zellcomp.com/highway_bridge_ins
 
Lafayette Bridge 

Lafayette, 

Tippecano

USA, 

Indian

 
2009

 
deck 

Manufactured by ZellComp, Inc. 

http://www.zellcomp.com/highway_bridge_ins
 
Lunetten Footbridge 

 
Utrecht 

The 

Netherland

 
2010

 
deck 

Length: 12,0 m. Width: 5,0 m. 

www.netcomposites.com/newspic.as

http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.fiberline.com/structures/profiles-and-decks-bridges/profiles-road-
http://www.youtube.com/watch?v=CFqX9oFkB8I
http://www.zellcomp.com/highway_bridge_instal.html
http://www.zellcomp.com/highway_bridge_instal.html
http://www.zellcomp.com/highway_bridge_instal.html
http://www.zellcomp.com/highway_bridge_instal.html
http://www.netcomposites.com/newspic.asp?6075
http://www.netcomposites.com/newspic.asp?6075
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Location 
Country/ 

State 

 

Year 
USE of FRP 
composites 

 

Basic information and references 

 

 
Redstone Arsenal Bridge 

 

 
Redstone 
Arsenal 

 
USA, 

Alabam

a 

 

 
2010

 

 
deck 

Manufactured by ZellComp, Inc. 

http://www.compositesworld.com/articles/new-bridge-deck-

bests-early- frp-systems 

Lleida Footbridge (2) Lleida Spain 2011 deck www.tech.plym.ac.uk/sme/composites/bridges.htm#lleida2 

 
Fort Amherst Footbridge 

 
Fort Amherst 

 
UK 

 
2011

 
deck 

Length: 25,0 m. Width: 2,0 m. 

en.structurae.de/structures/data/index.cfm?id=s0

059485 

 

Total FRP deck bridges: 119 

 

 

http://www.compositesworld.com/articles/new-bridge-deck-bests-early-
http://www.compositesworld.com/articles/new-bridge-deck-bests-early-
http://www.tech.plym.ac.uk/sme/composites/bridges.htm
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Deflection Hand Calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hand calculated deflections 

Loadcase Concrete FRP 

Self Weight 6.62 1.1 

Self Weight  & Live Loading  17.66 12.14 

 
To simplify the problem, the two way spanning slab is treated as a beam, with the entire slab width as a 
UDL and the vehicle as a point load acting at midspan. Secondly, the bending section used is just the 
steel beam and not the composite section. 
 
Inputs 
 
Steel girder properties: 

I 
=
 0.008090543 m

4
 

E = 210 GPa 
 
UDL dead & traffic load   
 

W ���� 
 = 27 KN/m  run of "beam"   (concrete) 

W ���� 
 = 4.5 KN/m  run of "beam" (FRP) 

 

����� =  
�.�^�

���.�.�
 = 

(��)(��)̂ �

(���)(���)(�.���������)���^�
 = 6.62mm 

 

���� =  
�.�^�

���.�.�
 = 

(�.�)(��)̂ �

(���)(���)(�.���������)���^�
 = 1.1mm 

 

W ���� 
 = 15 KN/m 

 

� =  
�.�^�

���.�.�
 = 

(��)(��)̂ �

(���)(���)(�.���������)���^�
 = 3.66mm 

 
Point Load - Vehicle 
 
P = 300 KN  

 

� =  
�.�^�

���.�.�
 = 

(���)(��)̂ �

(���)(���)(�.���������)���^�
 = 7.35mm 
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Composite stress profile verifications 

 

The following tables contains stress outputs from LUSAS, with their corresponding hand calculation 

equivalent from an excel spreadsheet.  

-  Compression 

+      Tension 

 

Concrete Model 

Concrete Stress Profile At Midspan 

Property LUSAS Hand 

Top Deck (MPa) -0.6 -0.8 

Bottom Deck (MPa) -0.3 -0.5 

Top Girder (MPa) -7 -6.3 

Bottom Girder (MPa) 17 20 

 

FRP Model 

 

 

 

 

 

 

 

 

 

 

 

 

Concrete Stress Profile At Support 

Property LUSAS Hand 

Top Deck (MPa) 3 1.8 

Bottom Deck (MPa) 0.2 0.85 

Top Girder (MPa) 19 13 

Bottom Girder (MPa) -32 -41 

FRP Stress Profile At Midspan 

Property LUSAS Hand 

Top Deck (MPa) -0.49 -0.9 

Bottom Deck (MPa) -0.35 -0.5 

Top Girder (MPa) -4.8 -4.95 

Bottom Girder (MPa) 6 7.33 

FRP Stress Profile At Support 

Property LUSAS Hand 

Top Deck (MPa) 1.2 1.923 

Bottom Deck (MPa) 0.7 1.15 

Top Girder (MPa) 10 10.5 

Bottom Girder (MPa) -11 -15.64 
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LUSAS contour plots 

 

Concrete Model 

 

FRP Model

Vertical deflection (critical loadcase) Girder stresses (critical loadcase) 

Stress (SX) flange plates bottom 
Vertical deflection (critical loadcase) 
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Stress (SX) web plates 
Stress (SY) flanges plates top 

Stress (SY) flange plates bottom Stress (SX) flange plates top 
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Bridge Mode shapes 

Bending Modes: 

Tors = torsional  Vert = vertical  Trans = transversal 

 

Concrete Model 

Mode Cross Section Longitudinal Section 

1 

(tors) 

 

 

2 

(vert) 

 

 

3 

(trans) 

 

 

4 

(tors) 
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5 

(vert) 

 

 

6 

(trans) 

  

 

FRP Model 

Mode Cross Section Longitudinal Section 

1 

(tors) 

 
 

2 

(vert) 
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3 

(tors) 

 

 

4 

(trans) 

 

 

5 

(trans) 

 
 

6 

(tors) 
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Composite stress profiles (LUSAS graphs) 

Concrete Model 

FRP Model 

475mm 

Midspan stress Midspan strain 
Support strain 

475mm 

Support stress 

600mm 

Midspan stress  Midspan strain Support Strain 

600mm 

Support strain 
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Shear stud calculations 

 

- Max shear reaction: RA = 785KN   (excel) 

- n (modular ratio) =  
��

��
 =   

���

�� (���� ����)
=  15 

Shear flow:              

��  =
�. �. �

����� 
  =    

(785)(
0.5625 

15
)(1.0125− 0.685)

0.015159
=        636   ��/�                                

 

(EN 1994 -2, 6.6.2.1(2)) 

Design resistance 

Assume fu = 450 MPa ;  d = 22mm      

a)  Steel failure 

���� =    
(0.8)(��)(�)(��)

(4)(1.25)
  =   

(0.8)(450 � 10�)(�)(0.022�)

(4)(1.25)
  =      ��� ��   

(EN 1994 -2, 6.6.3.1) 

 

b) Concrete failure 

Concrete C30 

→ ���� = 29��� 

→� = 33 ���  

ℎ�� =   �ℎ���� 200��  (< 225��)  

→ 
���

�
=   

���

��
=    9  >    4               →        � = 1.0     

 

���� =    
(0.29)(�)(��)� (���)(���)

(1.25)
  =  

(0.29)(1)(0.022�)� (29 � 10�)(33 � 10�)

(1.25)
    

(EN 1994 -2, 6.6.3.1) 

=      ��� ��   

���  =     min ( ����   ;    ���� ) 

Note: As values are the same, possible to choose either steel or concrete to fail first.  
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�(�)=  
���

��
=   

���

���
  =     173 ��  

Minimum spacing 

S ˃    5*d            →            S ˃   (5)(0.022)     =      110mm   

Maximum spacing (buckling critical) 

�� =   345 ���  

���� (����� ����) =     22�����
���

��
   =      22(0.040)�

���

���
 =   �����    or 

 

min [ 4(tc)    ;    800  ]                   where   tc =  200mm 

(EN 1994-2, 6.6.3.1) 

ie:  maximum    800mm  

 

Stud layout 

Take 2 rows @ 250mm longitudinal spacing  

→   

2 � 110

0.250
 =    880 

��

�
              

>         636                  ∴          �. � 

 

Quantity 

2 rows on each flange @ 250mm spacing    →     

�����

���
   =  80 studs x 4  =    320 studs (200mm x 22mm �) 

 

NB:  This quantity is purely to be used for economical calculations in the LCC analysis part of the 

thesis. 
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Abutments & foundation calculations 

Wing wall 

Volume of concrete = (3.5)(1) + (3.5)(1) + (0.5)(3)(3.5)   =  12.25 

m 2   x 5m (deep)    

= 61.25 m 3 /  wall    

@ two walls   =    (61.25)(2)    =   122.5 m 3   Total 

Foundation slab 

Volume of concrete = (7)(1)(5)   x   2 pads                =      70 m 3 

Area reductions 

According to the relationship:                       �������� =  
����� 

����
 

If the pressure (i.e.: maximum allowable compressive stress of concrete) is kept constant, then 

the relationship between force and area will be constant. Therefore if the force (in this case the 

end reactions of the bridge) are reduced, as in the FRP bridge, the area of the abutments & 

foundations can be decreased by the same amount respectively.  

At the critical loadcase the FRP bridge displays an average of 25% reduction in end reactions. 

This can therefore be transferred directly to save 25% in abutment and foundation concrete.  

FRP bridge wing walls:      75% of concrete bridge’s   =      (122.5)(0.75)  =    92 m 3 

FRP foundation slabs:    75% of concrete bridge’s =    (70)(0.75)        =   52.5 m 3

  

N.B: These figures are of course purely theoretical, based solely on the Force/Area ratio and do 

not include any consideration of the structural analysis of the abutments and foundations. 

These reduced figures are to be used in the LCC and LCA analyses of the thesis to give a 

representation of the savings possible due to the lightweight nature of FRP. 
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Concrete design 

 

Main bending of the bridge structure is taken by the steel girders. Steel reinforcement in the slab 

just applied to a minimum standard.  

(EN 1992 – 1- 1 , 9.3.1) 

Minimum reinforcement area: 

����� = (0.26)�
����

���
� (��)(�)      >       (0.0013)(��)(�) 

 take cover: 25mm 

�� =   1� �����  

C30 concrete →  ����  =     1.9 ��� 

 

����� = (0.26)�
�.�

���
� (1.0)(0.2)      >       (0.0013)(1.0)(0.2)  

����� =   0.0002864  ��       >       0.00026  

����� =   ���  ���   / m run of slab
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LCC Calculations 

 

Material costs 

The source for the following materials was a material directory book, containing all materials costs 

necessary for house construction in Sweden: 

Wikells Sektionsfakta 10’/11’ 

 

1) Concrete 

 

 BSAB 96  

 Betong C35/30                          →          1235 kr/m3 

 

2) Structural Steel 

 

 BSAB 96 

 HSB 12 

 Stålbalkar, inkl grund målning 

 Balkar HEI, I, U   → 40 kr/kg 

 

3) Reinforcment steel 

 

 BSAB 96 

 ESC 1 Armering i plattor 

 Armering B500BT 

 Average weight/cost value taken between �12, �14,  � 16, �18,  �20 

  

→ 28 kr/kg 
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FRP Best Case Scenario  
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FRP Realistic Case Scenario 
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FRP Worst Case Scenario 



 
Appendix C 

 

LCC Excel Spreadsheets – Data Inputs

Beam flanges 60 m
2

Top 30 m
2

Beam Webs 65.6 m2
Sides 16 m2

Cross Beams 4.8 m2
Total 46 m2

Total 130.4 m2

Mid slab ends 2.1 m2 Sides 24.5 m2

Parapets ends 1.125 m
2

Back 35 m
2

Longitudinal sides 15 m
2

Front 40.5 m
2

Bases 100 m2
Total 100 m2

Total 118.225 m2

Steel beam area 130.4 m
2

Sides 7 m
2

Deck Top 100 m
2

Front & Back 5 m
2

Deck sides 15 m2 Total 12 m2

Deck underside 80 m2

Total 325.4 m
2

Areas Calculated

Cleaning Areas

Edge Beam Areas Steel Painting Areas

Formwork Areas (slab) Formwork areas (wing wall)

Form work areas (foundation)

Element Unit Quantity

Affected roadway length L m 2000

Traffic speed during roadworks vr km/hr 60

Normal traffic speed vn km/hr 100

Average Daily Traffic ADT cars/day 10000

Duration of detour Nt days 14

Commercial traffic rL % 10

Hourly time value (commercial) wL kr/hr 200

Hourly time value (drivers) wD kr/hr 100

Operating Costs (commercial) OL kr/hr 160

Operating Costs (cars) OD kr/hr 80

Bridge Road (Major)(ie: during construction)

User Data

LCC area calculations and user data inputs 

Element Unit Quantity

Affected roadway length (bridge length) L m 20

Traffic speed during roadworks vr km/hr 15

Normal traffic speed vn km/hr 50

Average Daily Traffic ADT cars/day 1000

Number of road work days (edge beam) Nt days 5

Number of road work days (overlay) Nt days 1

Commercial traffic rL % 10

Hourly time value (commercial) wL kr/hr 200

Hourly time value (drivers) wD kr/hr 100

Operating Costs (commercial) OL kr/hr 160

Operating Costs (cars) OD kr/hr 80

Bridge Road (Minor)(ie: maintenance during lifespan)

User  Data
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Scheduling Calculations 

All production rates from:  Methvin, Construction Estimating. 

All quantities from excel spreadsheets (Appendix B). 

Substructure  

 200m3 soil excavation (100 m3 per side) @ 10m3 /hr. =   20 hrs. 

 11000kg rebar laying @ 25hrs./ton =   275 hrs. 

 112m2 formwork (fnd & walls) @ 3m2/hr. =    336 hrs. 

 193 m3 concrete @ 50m3/hr. (truck mounted pump) =   4 hrs. 

 Miscellaneous site work =     72 hrs. 

 

Assuming 12 hr working days →  Total →   60 days 

Superstructure – a) Concrete Model 

First construction of deck: 

 

 2000 kg of rebar @ 25 hrs. /ton =    50 hrs. 

 120 m2 of formwork @ 1m2 /hr.    120 hrs. 

 27 m3 of concrete @ 50m3/hr. (truck mounted pump) =  1 hr. 

 Welding of 320 (200 x 22mm) steel studs to girder =  12 hrs. 

 Minimum curing of concrete slab =    7 days 

Assuming 12 hr working days →  Total →   23 days 

Demolition/replacement of edge beam: 

 

 Edge beam demolition (20 x 0.3 x 0.3 x 2) @ 6 hrs./m3 =  22 hrs. 

 100kg of rebar @ 25hrs. /ton =    3 hrs. 

 6.75 m3 of concrete @ 0.85 hr. /m3 (ready-mix lorry)=  6 hrs. 

 36 m2 formwork @ 1m2/hr. =      36 hrs 

Assuming 12 hr working days →  Total →   5 days 

Superstructure – b) FRP Model 

First construction of deck: 

 Assembly/bonding of deck & girders off site =    36 hrs. 

 Curing/hardening     48 hrs. 

 Installation on site (2 truck mounted cranes) =    3 hrs. 
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Assuming 12 hr working days →  Total →   5 days 

 

Superstructure finishing 

Laying of concrete between deck & abutments: 

 (5m x 0.225m x 7m x 2m) @ 0.85/m3 =   14 hrs. 

 Miscellaneous (railing, overlay etc..) =    48 hrs.  

 

Assuming 12 hr working days →  Total →   5 days 
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Life Cycle Assessment Calculations 

 

Lorry Transportation 

 

It is 40 km from the bridge site in Friedberg to the nearest large city Frankfurt. All construction 

materials required for both model options are assumed to be transported from here. 

 Assume 1 lorry capable of 20 ton 

 

Steel rebar 

Substructure   →    1 lorry, 1 round trip = (4000kg) (80km) =   320 t*km 

Superstructure → 1 lorry, 1 round trip = (2000 kg) (80 km) =   160 t*km

  

Formwork 

Substructure   →    1 truck, 1 round trip, @ 600 kg/m3 (timber) = (600) (0.1m) (120m2) = 576 t*km 

Superstructure →       576 t*km

  

Ready mix concrete 

@ 4.5 m3 capacity/truck   

Substructure   →    192.5 m3 ~ 43 trucks, 1 hr. each way transport & 3 hrs. on site = (5) (43) =    

215hrs 

Superstructure → 27 m3 ~ 6 trucks = (6) (5) =                                      30hrs 

 

FRP deck transport (Denmark – Germany) 

 Road transportation assumed. 

Total distance from Fiberline Manufacturers in Denmark to Friedberg, Germany = 1,050 km 

   → 12 ton total FRP deck = (12) (1,050)   =   12, 600 t*km 

FRP installation truck cranes 

 Total time required to lift and install deck = 3hrs =    (3)(2 cranes)                    =              6hrs 


