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Summary:  After a trial period of approximately 10 years for the use of external prestressing in 

bridge construction projects, an information meeting was held at the Federal Ministry of Transport 

in Bonn in June 1997, at which reports were presented on the experience acquired with this new 

construction method in the areas of planning and construction work. The authors reported on their 

experience and submitted suggestions for future regalations and provisions in this area. In the 

course of this meeting, the Road Construction Department announced its intention to introduce 

this construction method as a standard construction method in the future. 

1 Introduction 

The method of construction practised for prestressed concrete bridges in Germany today is based 

on the provisions which were drawn up at the beginning of the 1950s, in the form of DIN 4227 [1]. 

Of the possible prestressed concrete construction methods specified in DIN 4227, Parts I to 6, 

however, only the method covered in DIN 4227, Parts 1 and 5 - „Full and partial prestressing with 

bonded tendons" has attained importance. 

The vast volume of construction work in the post-war period resulted in the most broad-ranging 

competition of ideas, leading to a large number of innovations in the areas of constructional mem-

bers (bearings, prestressing steels, T-beams without diaphragms) and construction methods (sec-

tionwise construction, travelling falsework, incremental launching). 

This course of development naturally led to problems. It emerged, for example, that grouting of the 

prestressing tendons did not provide the necessary level of safety, prestressing steels were used 

whose properties had yet to be adequately confirmed, inadequate design loads and statical inves-

tigations led to joint damage, and many of the installed bearings have been replaced since then. 

These problems were compounded by an unforeseen increase in the intensity of the loads to 

which the constructions were subjected. 

The knowledge acquired from these problems led to a large number of improvements in the regu-

lations and to the drafting of additional provisions [2]. Examples here include 

- increases in design loads, 
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- a re-assessment of the significance of reinforcement, 

- an increase in the minimum reinforcement, 

- the introduction of robustness reinforcement, 

- refinement of the limits applying to crack width, 

- extension of the requirements applying to the installation, prestressing and grouting of ten-

dons, 

- refinement of the calculation methods, 

- optimisation of new building practices (incremental launching). 

On the basis of these improvements and extensions, concrete bridge construction with bonded 

tendons has developed into a generally established construction method. 

2 The Application of External Prestressing in Germa ny 

As corrosion protection for the tendons is an essentially problematic area and the concentration of 

tendons in the webs repeatedly led to an impairment of concrete quality, the application of external 

prestressing has been under investigation in several pilot constructions since the mid 1980s. 

This was also necessary because this method of construction is already more widespread abroad 

and is encroaching into our sphere in the course of the harmonization of European regulations. 

Development in Germany has been shaped and promoted primarily by Eibl and Voss [3]. 

The aim has been to improve the constructions via: 

- the use of controllable, adjustable, replaceable tendons with inherent corrosion protection, 

- improved concrete quality due to the lack of tendons in the web and the lack of vents in the 

slab, 

- improved quality in serviceability limit state and ultimate limit state by means of increased 

amount of reinforcement, 

- the possibility of subsequent strengthening for bridges by means of supplementary external 

tendons. 

The design requirements were as follows from the outset: 

- decompression under dead loads plus loads because of shrinkage, creep and relaxation plus 

1/3 of traffic loads, 



FIP Structural Concrete 1994-1998 

3 

- crack width limitation in accordance with DIN 4227, Part 6, 

- calculation of a critical crack width in accordance with CEB model code, 

- compliance with permissible stress in constructed state in accordance with DIN 4227 [I ], 

- controllability and adjustability of all tendons, 

- replaceability of two prestressing tendons under 1/2 of traffic loads. 

The following six road bridges have been built in accordance with these requirements between 

1988 and 1998: 

Berbke viaduct/Motorway A 46 

Wintrop viaduct/Motorway A 46 

Strothetal viaduct/Federal road B 1 

Ruderting viaduct/Federal road B 85 

Dessau Mulde viaduct /Motorway A 9 

Rümmecke viaduct /Motorway A 46 

It should be pointed out that - with the exception of the Strothetal bridge - the bridges were of an 

experimental nature with regard to the applied construction methods and technology. No competi-

tion took place with regard to engineering or building practices. Similarly, there was no competition 

in the area of costs. 

In parallel with the construction of these bridges, suitable tendons were developed and tested. In 

this connection it was possible to draw on the experience which had been acquired in the area of 

the strengthening of bridge superstructures. The construction method has long been successfully 

established in this area, and competition prevails on a very broad-ranging basis in the areas of 

ideas and practical implementation. 

3 Applied Construction Methods and Structural Detai ls 

3.1 Prestressing Systems 

In connection with the construction of the above-stated bridges, experience was acquired in the 

prestressing systems of Dyckerhoff & Widmann AG (DYWIDAG-strand prestressing method for 

external prestressing), SUSPA Spannbeton GmbH (BBRV-SUSPA EX-30 to EX-60 for external 
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prestressing) and VORSPANN-TECHNIK GmbH (strand prestressing method VT-CMM D for ex-

ternal prestressing). Figure 1 shows the essential structural differences. 

 

In the case of the SUSPA tendons the individual wires are installed in a HDPE tube filled with an 

anti-corrosive agent. The wires are anchored at the anchor head by means of button heads. Only 

this body is handled during prestressing, relaxation and coupling, thus rendering work very simple 

and space-saving. The tendons are supplied from the production works on rolls in lengths of up to 

approx. 100 m. 

The DYWIDAG tendons are produced on site from greased and PE-sheathod monostrands. The 

tubes are grouted with grouting mortar, providing multiple corrosion protection. The individual an-

choring of the strands results in relatively large anchor and coupling bodies, and strand projection 

has to be maintained for the purposes of subsequent prestress adjustment. 

In the case of the VT tendons up to four monostrands are combined to form a band, which is pro-

vided with additional HDPE sheathing. The bands are packed together at the construction site to 

produce larger tendons. The comments on the tendon described above also apply here with re-

gard to anchoring and coupling. 

3.2 Structures 

The essential experience which has been acquired can be summarised by reference to typical 

structures. The structural elements are shown in simplified form in Figure 2.��������

Berbke viaduct 

This bridge was designed according to tender specifications and erected via incremental launch-

ing. All tendons are straight, and are coupled by lapped joints. Adaption to the ultimate loads was 

effected by means of straight secondary tendons in the span and over the supports. The stressing 

anchors and anchor points were both located at the 1/4 points of the spans, and necessitated 

frame buttresses at these points. 
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Wintrop viaduct 

In contrast to Berbke viaduct, the tendons were coupled. During construction straight tendons 

were used, for the final configuration deviated tendons were incorporated with saddles over the 

supports and at mid span. The construction joints are located at the supports and at mid span. 

 

Strothetal viaduct 

Both bonded tendons and external tendons were employed on Strothetal viaduct. During construc-

tion, straight bonded tendons were incorporated into the bottom and top slab. Straight external 

tendons supported on the diaphragms were also used. In the ultimate state the external tendons 

were relaxed, deviated via saddles on the supports and at mid-span and tensioned once again. 

All the theoretical possibilities for external prestressing - subsequent adjustment, removal, reinstal-

lation - were tested in practice in the course of this construction project. 
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Rümmecke viaduct 

In contrast to the above-stated incrementally launched bridges, Rümmecke viaduct is being con-

structed in sections on a travelling falsework. The tendons are installed in a configuration which is 

designed to meet the requirements of the ultimate load case, by means of deviation points at the 

support girders and at 1/4 of the span distance. The tendons are coupled by means of lapped 

joints. 

4 Experience Acquired to Date 

4.1 Execution of Construction Work 

From the point of view of construction work it can be stated that the concrete quality of the box 

girder webs is improved by simple reinforcement layout and the absence of tendons and tendon 

anchors in the cross-section. 

Concreting and subsequent treatment of the top slab is facilitated by the absence of vents. The 

use of protected tendons renders work on the tendons independent of weather conditions and 

eliminates the uncertainty with regard to the attainability of corrosion protection. 

The tendons can be controlled, adjusted or modified after installation. This results in an overall im-

provement in the quality of the constructions. This improvement does, however, involve in increase 

in construction costs. 

Previous construction methods were developed on constructions with tendons enclosed in the 

concrete. Installation of the tendons now requires an increased scope of manual work without the 

assistance of cranes and adaption of the layout for the tendons to the course of construction work. 

Production of the diaphragms and buttresses becomes substantially more complicated, as the 

eccentrically introduced tendons lead to large reinforcement concentrations. Installation of the an-

chors and deviation points necessitates extensive measurement work, as the correct position of 

the tendons cannot be checked directly prior to concreting. Although the tendons can be used at a 

higher level than bonded tendons, they are unable to utilise the static height of the construction as 

effectively. The production costs for the external tendons themselves are presently still substan-

tially higher than for conventional tendons. 

4.2 Design Constraints 

The bridges studied to date have revealed that the degree of prestressing leads to a similar level 

of centric prestressing as with the previous method of construction. A reduction in the degree of 

prestressing appears possible. Adequate confirmation of the crack width limitation in accordance 
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with the currently valid standard is provided in conjunction with the required minimum reinforce-

ment. An additional minimum crack width should not be calculated. 

During construction, confirmation of the ultimate bearing capacity and the crack width limitation 

should be sufficient. Compliance with permissible stress levels in accordance with [1] should be 

waived or the scope of compliance should be increased over the requirements to date. The deter-

mination of a difference in temperature between the prestressing tendon and the surrounding con-

crete is insignificant in practical terms and may be omitted. The requirement for the construction to 

be designed for the subsequent fitting of four prestressing tendons should be reduced to a smaller 

number when external prestressing is applied. 

4.3 Structural Details 

For the purposes of structural assessment and practical construction work, it will be necessary to 

define tolerances for constructional accuracy and the design of the deviation saddles. For the 

prestressing buttresses and the junction with the box girder suitable calculation models (e.g. strut 

and tie models) must be developed which ensure simple, economical and damage-free introduc-

tion of the forces. Figure 3 shows that the junctions between the solid buttresses and the thin box 

girder cross-sections require special consideration. Standards require to be specified for additional 

measures, such as intermediate supports.  
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5 Final Remarks 

As a whole, the experience acquired to date is positive from a technical point of view. The ex-

pected advantages of the new construction method are attainable. Initial price comparisons show 

that this construction method will be more expensive than the method applied to date. In order to 

render this construction method competitive, a guideline is presently be drawn up which provides a 

clear design, construction and calculation basis for the designing engineer, the building contractor 

and the manufacturers of the prestressing equipment. 

General competition in the area of ideas relating to construction methods and constructional de-

tails will enable substantial reductions in the additional costs which have been ascertained to date. 

If this construction method is to compete with the previous construction method, a cost-based 

evaluation of the higher quality standard would also appear necessary. 
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