Motorway bridges built from precast elements
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Summary

Croatia is among the biggest construction sites in Europe. As a result of enormous efforts of all parties in construction – clients, designers, contractors and supervisors, in June 2003 approximately 150 kilometers of modern motorways were opened to traffic. Big construction projects such as this (which is only a part of the Croatian Motorway Project) impose unified type of structures that have to be designed and constructed. Mostly short deadlines force designers and contractors to use industrialized and typified solutions for these structures.

Based on design and construction practice, this paper will show some observations concerning primarily precast girders, describing phases from their production to construction of different types of structures such as bridges, viaducts, overpasses etc. It will also describe some solutions of optimization of precast element production process and its organizational incorporation into the process of bridge construction. Different type of girders used, according to chosen structural system will be shown.

Emphasis will be given to choice of details on bridges (i.e. bearings, expansion joints) since these are the parts that have to be designed and placed properly in order to remain safe and durable structures. 

Intention of this paper is also to give some observations on aesthetics of structures built from precast elements.
Keywords: precast elements, girders, precast element production, aesthetics

1 Introduction

In the last several years Croatia has been a big construction site. Hundreds kilometers of modern motorways were opened for traffic. Structures that are incorporated in motorways have mostly been constructed from precast elements.

Short deadlines have forced designers to use standardized solutions for these structures and constructors have good experiences with precast element construction. Decision to build structures from precast elements has also meet client's requirements of durability, minimum maintenance cost and quality. It was also reasonable to accept this technology in view of the fact that contractors already possess the machinery and equipment.

2 Building with precast elements

2.1 Precast element production

Motorway construction calls for huge precast production. Therefore concrete plants were organized in the vicinity of motorway sections.   Also existing concrete plants were employed.

Parts of superstructure and furnishing of bridges and viaducts that are designed as precast elements will be described in this paper (girders, New Jersey barriers, curbs, cornices, etc.). Parts of substructure can also be designed as precast too, but that is not an issue here.
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Fig. 2‑1 a: Concrete plant – organization scheme

2.1.1 Existing concrete plants

Since Croatian construction companies have good tradition in precast element production and construction, they have their own concrete plants usually located near company's headquarters. Organization of the concrete plant is described below (Fig. 2-1 a).

Permanent concrete plants have more than one production line and large storage areas. In case of mass precast production during Croatian Motorway Project the main problem is mentioned storage space. Depending on distance from construction site, transportation can quite increase the total cost. These two are the limiting factors for precast element production in permanent concrete plants.

On the other hand, permanent concrete plants have several advantages:

· continuous production

· highly qualified staff

· optimized production process

· can cover more than one construction site at the same time

· production is not influenced by delays on the construction site, etc.

Permanent concrete plants are usually situated near the railway to minimize transportation cost. However, if there is no railway close to the construction site transportation from the closest railway line to the construction site has to be organized.

2.1.2 Temporary concrete plants

They are organized in order to minimize transportation time and cost, which is important especially for large project like motorway construction. Organization principle is the same as for the existing plants (Fig 2-1 a). Their main advantage is that they are moveable according to construction needs. For example, location of these plants is connected to the motorway sections that are currently under construction (Fig. 2-1 b).

Main disadvantage is relatively small production capacity and storage space. For construction of the Bosiljevo – Sveti Rok section of the Zagreb – Split Motorway, additional grounds had to be purchased for girder storage (Fig. 2-1 c).
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Fig. 2‑1 b: Temporary concrete plant near Ogulin, Croatia

Shown girders weigh more than 200 tons each, which is an extreme load for the existing state and local roads, which had to be renewed after the construction was over.
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Fig. 2‑1 c: Girder storage near construction site

Placing of girders in their final position in a structure is mostly done in two ways:

1. with car cranes – in cases where level line is not high above the ground, and

2. with launcher – on structures with high level line above the ground and for structures built on severe ground configuration.

This method is quite slow, because every time launcher has to go all the way back to the abutment to pick up another girder. It becomes quite a problem for a long structures (L>500 m). Therefore the idea to concrete deck slab on the first several spans where girders have already been placed was accepted, so girders were transported over completed deck slab. Regarding this technology and exceptional loadings, additional calculations had to be conducted in order to increase reinforcement.

3 Particularities in design solutions

3.3 Structural concept

According to the structural system bridges and viaducts were mostly designed as simple supported systems and continuous systems.

Superstructure consists of U-shaped girders (Fig. 3-1 a), but in the case of skew structures I-shaped girders had to be used (Fig 3-1 b). They were also implemented on overpasses. On viaducts and bridges spans of U-shaped girders ranged from 24 m up to 40 m (H=220 cm). Reinforced deck slab was cast in situ. It is 25 cm thick which meets the most rigorous durability requirements.
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Fig. 3‑1 a: U-shaped box-girder


Fig. 3‑1 b: T and I-shaped girders

"Omnia" slabs are used as the mid part of the upper flange having function of so-called lost scaffolding when the deck slab is being concreted. Reinforcement that connects girders with deck slab has the same function as shear connectors in composite structures. Finally girder plus deck slab act together for additional dead load (furnishing) and live load.

At the ends of each U-shaped girder 50 cm thick diaphragms for torsion overtaking have been designed. As shown on Fig. 3-1 a, holes in the diaphragms are provided for maintenance and monitoring purposes. Each 24 m long girder weighs approximately 100 tons.

U-shaped girders are placed in such a manner that their upper flanges almost make a contact. However, 4 cm gap between the two neighboring girders upper flanges is designed in order to eliminate possible irregularities, which may occur while casting girders or placing them in a structure.

Construction technique for simple supported and continuous systems differ in achieving continuity above piers.

For simple supported systems link slab is designed. Designers' recommendation is to make it thinner than the deck slab because of different rotation angles under traffic loading. In this way, crack occurrence at the connection between girders and the link slab is minimized. This directly influences durability of mentioned parts of the structure, as well as giving special attention to waterproofing layer above the link slab.

Link slab is reinforced with minimum reinforcement but it is strengthened on edges. Its reinforcement overlaps with deck slab reinforcement.

The main disadvantage of the simple supported systems is number of bearings because each box girder is placed on four. They have to be placed correctly, otherwise unfavorable torsion moments occur.

Continuity of continuous systems above piers is achieved by sinking longitudinal girders into the cross-girder, which are cast in situ. Superstructure is supported on only two or three bearings and is not sensible on possible differences of bearing beds' heights as simple supported systems are. However, this structural system is very sensible to differential ground settlement which causes negative moments above supports.

On the other hand, great advantage of this structural concept is the fact that there are less bearings and connections in the structure, which are considered as" weak points" in sense of durability.

3.4 Design of details

Structure's durability is determined by durability of its weakest part. Regarding durability requirements in the design phase special attention was given to details (i.e. mentioned link slab, waterproofing, drainage, bearings, expansion joints etc.). These have impact on both structural stability and safety (bearings, link slabs) and cost in maintenance (furnishing details). Lifetime of these parts is shorter than the lifetime of a bridge, so it is important for them to be designed in such a manner to allow easy maintenance and replacement.

Nevertheless, the most important is construction precision since all irregularities are potential danger for the structure (cracks, gaps etc.).

Regarding expansion joints, there are two important issues that influence durability of the structure:

1. achievement of a good connection between the expansion joint and the bridge superstructure, and

2. 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.

It is important that expansion joint itself is waterproof. That way it stops impurities to come in contact with steel parts of the expansion joint and further to piers and abutments, which can lead to the concrete deterioration.

Although there are recommendations for design of furnishings on bridges in Croatia, due to a specific environmental, structural and other characteristics on each structure, their implementation has to be critically observed.

4 New type of girders

New type of I-shaped girders has been implemented on a few viaducts in Croatia. Optimal cross-section considering specific points on each viaduct has been designed.

This kind of girders has already been tested showing good results and therefore designed on viaducts – for example Sum viaduct, simple supported girders (spans L=32.80 m), and Puhi viaduct, continuous system (spans L=50.0 m).

Cross section of viaducts with 32.80 m spans consist of 5 girders, and for 50.0 m spans seven girders are proposed. So-called "Omnia" slabs are used to overlap gap between two neighboring girders' upper flanges. They have a function of so-called “lost scaffolding” when the deck slab is being concreted. 

Due to a fact that chosen material for these girders is C50/60 minimization of cross-section dimensions (especially reduction of web thickness) was possible. Regarding relatively small area of the cross-section (A), moment of inertia (I) achieves favorable values.
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Another advantage is simple scaffolding for these girders because there are no end blocks. This simplifies precast formwork and according to Waheed et al. (2002) significantly reduces cost of the superstructure. Girders are pretensioned with strands placed in the bottom flange (for the continuous system both in the bottom and upper flange). Cross girders are designed on girders' ends in order to achieve required stiffness.

Fig. 4‑1: Newly designed I-shaped cross section
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Fig. 4-1: Longitudinal section of the Sum Viaduct

Optimal lengths for these girders range from 30 m – 40 m, while longer girders (L=50 m) should be strengthened with cross girders in thirds of the span. 32 m long girder weighs approximately 50 tons, which shows great reduction of the superstructure dead load. This impacts dimensions of the substructure as well as total cost of the structure.

5 Aesthetics

Aesthetic aspect of bridge design on motorways is rarely as important considered as on city bridges. Designers engaged in the Croatian Motorway Project are limited with terms, technology that contractors own, cost etc. Standardization of girders implemented on motorway bridges is another limiting factor to achieve aesthetically favorable solutions. Therefore it is at the time of designing and detailing that designers can influence aesthetics of motorway structures. Generaly these details are not in the view of the driver and the passengers. Exceptions are noise barriers (Fig. 5-1) and newly proposed wind barriers (Fig 5-2).

Because of the fact that drivers and passengers usually do not notice bridges and viaducts, or underpasses, overpasses become mostly exposed structures to the passengers’ view and critic, so their spans should be defined to visually ensure safe passage under structures, avoiding the effect of "closing space".
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Figure 5-1: Noise barrier



Figure 5-2: Wind barriers (visualization)

6 Conclusion

Croatia has good tradition in building bridges from precast elements. That was proven in recent history when hundreds kilometers of modern highways have been constructed and opened for traffic. Croatian Motorway Project continues and in the next 6 years 400 km are expected to be constructed.

This paper gives an overview of Croatian experiences in precast element construction and shows future tendencies. Another big project between mainland and Peljesac peninsula, some 60 km away form Dubrovnik illustrates this. One of the solutions proposed for this bridge is also a bridge that will be built from precast segments. Proposed span lengths are 150 m+10x200 m+150 m=2300 m (Fig. 6-1). Concrete box girder of variable height is proposed above piers, while in the middle of the spans steel box structure is to be inserted. According to present data, the main cost of this project will be foundations in the sea.

[image: image11.wmf]CONCRETE

STEEL


Fig. 6-1: Peljesac Bridge – proposed span
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