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1 INTRODUCTION

Durability of bridges is defined by their capability to provide demanded level of security and usability over a certain period of time. The security of a bridge is its capability to withstand outside influences, and its usability is its capability to fulfill demands of its users. The life of a bridge is influenced by factors which emerge during its design, construction and, later, in bridge exploitation.

Some of these factors are: design, construction, influence of the environment, consequences of bridge exploitation and loads that are implemented on it, maintenance etc.

The influence of detail choice from the design point of view on several types of different bridge constructions and static system which were designed or construction process supervised will be made in this report.

The durability of bridges is considered to be around 100 years. However the bridge parts have shorter durability. The right choice of details and their implementation can prolong their durability and lower the cost of maintenance. It is a well known fact that if a bridge is properly designed and constructed, the quality of the furnishing details will be important factor which will determine structure durability. After a certain period of time be it shorter or longer all bridges have to be mended, reconstructed or demolished. Most of the damage comes from poorly constructed waterproofing, bearings, drainage, and expansion joints. Therefore, emphasis will be given to the choice of bearing details, drainage details and details the of expansion joints. To ensure that bridge durability will be around 100 years, it is crucial that all bridge parts have a similar durability period. It is expected that parts of the bridge could last for up to 25 years, which means that some parts would have to be changed up to three or four times. For that reason parts that are expected to be changed should be designed in a manner allowing for them to be replaced easily.

2 FURNISHING DETAILS

Since construction of several highway sections is under way in Croatia, different types of bridge structures and statical systems are being implemented in design. Bridges consist of structural parts that are used for loadings transfer, and of parts, so-called furnishings, which are used to ensure safe and smooth traffic over the bridge. The emphasis will be given to only three furnishing details which either represent cost in maintenance, or their failure can lead to loss of structural stability and safety. These are bearings (elastomer or teflon), drainage details and expansion joints.

2.1 Bearings
Bearings are structural part whose purpose is to transfer loading from the superstructure to the piers or abutments. During that process, bearings have to enable or prevent displacements and rotation of structural elements. The issue of concrete hinges will not be analysed in this report. Bearings can be elastomeric or teflon. Elastomeric bearings are put on piers which bear less structural movement. Teflon bearings are put on those piers which bear greater structural movement. On continuous structure systems, the movement at the ends of the structure is greater than in structures made of simply supported beams. Therefore, teflon bearings which can bear greater movement have to be placed at piers which are the most distant from the displacement centre. Elastomeric bearings can be used closer to the displacement centre, where displacements are smaller. The main difference between continuous structures and simple supported structure is in the number of bearings needed, and in their sizes. On structures with a continuous static system, girders are supported by means of a cross girder which lies on two or three bearings and in other words fewer bearings are needed but they are bigger (Fig. 1).
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Many more bearings are needed on simple supported structural systems because each beam end is supported by a bearing. Since the bearing sizes are smaller, they do not permit big displacement therefore shorter expansion sequences are recommended (Fig. 2).

Fig. 1: Bearing detail on continuous structural system
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Bearings are usually differentiated to the displacements according to displacements they enable. Theoretically, there are six internal forces and six possible displacements (three translatory and three rotational). Therefore we differentiate bearings according to the forces or displacements they transfer from one structural element to another, and the way in which they do so.
Fig. 2: Bearing detail on simple supported structural system

Fixed bearings largerly permit superstructure rotation and transfer horizontal and vertical forces to supports, while movable bearing, made of polimer materials, in combination with steel (elastomeric) bearings permit displacements but transfer a part of horizontal loading and all vertical loading.

When commissioning the bearings, it is recommended to use companies that can submit all certificates about material and product quality. The production of these companies is usually controlled and counseled by the country’s scientific institutes. This is the case in Croatia where The Civil Engineering Institute of Croatia controls and actively participates in product development in several companies.

Elastomeric bearings are placed on the steel plate from the lower side, which ensures the horizontal position of the bearings. The steel plate has to be protected from corrosion. It is important to place bearings in the manner set in the structure design. They are intended to permit those displacements and rotations that are anticipated in structure design. Elastomeric bearings consist of: an outer elastomeric cover that protects steel plates from corrosion, inner elastomeric layers which enable bearing activity, and steel plates vulcanized in elastomer that prevent lateral widening of bearings under presure. The main characteristics of elastomer bearings are: vertical elasticity, uniform distribution of compression strain, small construction height, simple shaping and placing.
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Fig. 3: Types of elastomeric bearings
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When designing structures with elastomeric bearings, it is important to bear in mind the shapes and measurements of places on the structure and support in direct contact with the bearing. The main demands in achieving that are: to allow equal import of horizontal force (surfaces on which the bearing lies or has contact with have to be horizontal and smooth), it is not recommended to combine different types of bearings on the same support, protection from the influence of water and impurities (certain slope of the surfaces should be foreseen), bearing positions should be easily accessible for inspection and replacement.
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Pot bearings are used in positions on the structure in which elastomer bearings bearing capacity is exceeded. They consist of: a steel pot, elastomeric or teflon layer, steel cover and possible anchorage. 

Fig. 4: Pot bearing types

An important part of bearing maintenance is their inspection and replacement. Therefore, spaces for have to be left in near reach of the bearing for structure lifting presses.
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Fig. 5: Bearing detail arrangement with anticipated press positions

2.2 Drainage

Drainage of the bridges is one of the most important bridge elements with respect to structural durability. It is a known fact that water has a high destructive energy. Therefore, directing water paths off the bridge has to be given particular designer attention. Water on the bridge can be surface water (on the motorway surface), water from the level of waterproofing and water that remains on parts of bridge. Apart from precipitation water, defrosting salt also often comes into contact with motorway surfaces and, in cases of accidents, we have to anticipate spillage of other fluids (fuel oil, chemicals) which also enter the drainage system. The drainage system ensures safe traffic movement over the bridge but also protects the structure and its surroundings. Since drainage systems are usually the first to break down, it is recommended that their designed be as simple as possible. The pipe system has to be simplified to the maximum, parts have to be exposed for inspection, cleaning, repair and replacement (Fig. 6).

[image: image6.wmf]The complete drainage system consists of: traffic surface drainage, waterproofing level drainage, drainage of hollow parts of the structure, the embankment behind the abutment drainage, attachment to the motorway drainage (closed drainage system), pipes, hangers and parts that make drainage system maintenance easier. Figure 6 shows drainage detail with hangers. The purpose of the hangers is to ensure stability of the drainage pipes under all loads that can appear.
Fig. 6: Designed drainage detail on the Dreznik Viaduct
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Precipitation water that falls on motorway surfaces has to be lead off. It is important to ensure cross slope of the motorway surface so that precipitation water is directed to the side of the structure where it can be collected by gullies (Fig. 7). 
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Gully arrangement (gully distance) depends on the longitudinal slope of the structure. On the longest viaduct in Croatia, the Dreznik Viaduct (l=2485 m), the longitudinal slope changed several times. Therefore, gully distance ranged from 5 m to 15 m. As mentioned before, sufficient slopes and terms of water flow have to be ensured in the course of drainage design. Additionally, choice of material, quality of design and economical optimization have to be optimal.
Fig. 7: Gully detail

It should be born in mind that structures’ durability is determined by the durability of its weakest parts. It can be assumed that the drainage system and its purpose of transporting polluted water is perhaps potentially the weakest part of a structure. During history, materials used in drainage design and construction have ranged from iron, PVC, PEHD, steel, and cast iron, up to the modern materials of today (Hobas). The best material is definitely the one that can last longest, such as steel or certain synthetic materials. The pipe system has to be designed as simply as possible, and all parts have to be exposed for inspection, cleaning, repair and replacement. Longitudinal pipe slopes have to ensure terms of flow. Drainage pipes are subject to diverse outside influences such as temperature change and fire inside the pipes. For that reason, depending on the material from which the pipes are made, expansion points have to be anticipated at certain distances along the pipes. Parts of pipes between two expansion points represent one section, independently of outside influences on its behavior. The drainage system and its pipes play a major role in environmental protection. It is to be expected that harmful chemicals and fluids can get into the pipes. Therefore pipes, their connections and expansion points have to be constructed and designed in a manner that prevents leaking on to surrounding ground. Another problem that drainage systems and we as designers, face is fire resistance. Accidents that happen on bridges can result in fuel leakages. Tank trucks diving on motorways can also be in traffic accidents. They transport a large quantity of fuel or chemicals that can get into drainage systems and easily be set on fire. We have to ensure that material drainage pipes are made to meet norm demands for fire protection preventing fuel or chemical leakage for certain amounts of time, until measures for environmental protection can be undertaken.

2.3 Expansion Joints

Expansion joints help overpass the gap between superstructure and, while doing so, they have to enable mutual horizontal and vertical displacements, displacements of structures parts, as well as safety and comfort while passing over them. An expansion joint has to be easy check, repair and replaced when needed. Passing over expansion joints has to be smooth and without kicks on the structure. Depending on the displacement, which has to be ensured, expansion joints production becomes more complicated. The factors that influence durability of expansion joints are: technical solution (structural shaping), material quality, execution quality, placing precision, and maintenance.
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With respect to durability and precise placing of expansion joints, there are two important issues: achievement of good and long-lasting connection between the expansion joint and the bridge superstructure and geometrical precision of expansion joint placing. Asphalt around the expansion joint has to be applied with special care and it is recommended that the asphalt around expansion joint is poured (Fig. 8).

Fig. 8: Expansion joint detail

Connections between expansion joint steel elements and the bridge superstructure depend on the expansion joint connecting to the reinforcement and on the concrete that is poured to ensure that connection. It is recommended that fine-aggregate concrete is used while pouring around expansion joints. If good connecting is not ensured, concrete poured afterwards can crack and break, leading to 
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the expansion joint deteriorating and collapsing. The most common mistakes that occur during expansion joint placing are: the gap between superstructure and abutment is too small or too big, and anchors bending and being placed higher or lower than the motorway surface layer. During expansion joint placing, the manufacturers directions should be adhered to. As it has been said, expansion joints differ according to the displacement that they enable. With expansion joints that enable greater displacements (480 mm and 600 mm), it is necessary to break down the total displacement into several smaller, secondary displacements, so that the largest does not exceed 80 mm. Regardless of the displacement it enables, each expansion joint must fulfill several conditions. Therefore, the expansion joint has to be waterproof (to prevent impurities coming into contact with steel parts); rubber implants have to follow displacement of superstructure; it has to be fixed in such a manner that traffic passing over it cannot disturb its connection with the abutment and superstructure; the supporting system has to ensure equal transfer of energy induced by traffic on the superstructure abutment edge; waterproofing and asphalt layers have to be thoroughly applied in the vicinity of the expansion joint; displacement of each lath has to be harmonized so that displacements are equal; the expansion joint has to be capable to follow unpredicted displacement (such as support displacement); all expandable parts have to be replaced easily without traffic closure on more than half of the roadway including rubber implants. Expansion joints are facilities that have many movable parts that require frequent inspection and maintenance.

[image: image9.wmf]Drawings and terms of expansion joint placing are given by the manufacturer and the designer has to make sure that enough space is anticipated in the structural parts in design. Since the dynamic impact of vehicles passing over expansion joints has to be reduced to the smallest possible level, measures have to be taken to ensure that. To this end, the important factor is to ensure a good connection between the asphalt and expansion joint (Fig. 9). Shown in detail in figure 9, the connection is achieved with poured asphalt.

Fig. 9: Expansion Joint Placing

2.4. Aesthetics

The parts we mentioned earlier are not in the view of people passing by. But some parts of the furnishing such as rails and wind protecting fences are. Therefore, the designer has to give special attention to designing this part of bridge furnishing so it can blend into the environment and not stand out from its in surroundings. Bridges that pass through populated areas have to have fences for noise protection. Urban structures have to serve their users but at the same time in doing so they must not cause any aesthetic or noise disturbance to people living nearby. The purpose of some furnishing parts such as noise protection barriers is to ensure that people living nearby are not disturbed by passing traffic. Fences that are placed on bridges have to be curved on the outside. In this way the fence has geometrical influence on widening of the motorway body, traffic safety is ensured and motorway space is wider and psychologically more favorable (Fig 10 and Fig.11).
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Fig. 10: Noise-protection barrier design                           Fig. 11: Noise-protection barrier simulation
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3 FURNISHING DESIGN REVIEW

During bridge design, there are some uncertainties about what constitutes a sufficient level of furnishing design detail. If time is short, which is often the case with designing, detailed representation of furnishing is omitted. Later, during construction, problems like placing, fitting in, connecting with other parts etc. emerge. The designer, reviser, employer and contractor are all equally responsible for the situation. All the structural parts of the bridge are usually sufficiently represented in designs. Representation of furnishing design varies from design to design and depends on how the designers comprehend that issue. Recently, some recommendations for usage of typical details and furnishing solutions have been given, but their implementation in structure construction has to be critically thought through. Properly designed furnishing has more than simply structural role, it has to fulfill that role while also being aesthetically acceptable. Furnishing design solutions are a product of craftsmanship, an experimental approach, and new scientific research perceptions in the fields of technology and materials. Some recommend a conservative approach in furnishing detail design. Others recommend an experimental, avant-garde approach. As usual the best way lies somewhere in the middle. But it is in an engineer nature to explore new horizons. We have to bear in mind that, while commissioning, designing, controlling and constructing bridges, all the participants should pay more attention to furnishing drawings, calculations and seeing to it that a control and quality ensuring program is properly implemented.
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