
 

 

Venetikos Balanced Cantilever Bridge 
 

Dipl.-Ing. Tilo Behrmann, Faber Maunsell, London 

 

 

 

 

Summary:  

This paper provides a description of the design of the Venetikos Balanced Cantilever Bridge, which 
is part of the Egnatia Motorway in Northern Greece. It explains the analysis process for the cast-in-
place segmental construction using the SOFiSTiK structural analysis software, which is capable of 
precise calculation of prestressing forces and effects arising due to the staged construction.  
 
General principles of seismic design based on the assumption of ductile behaviour are explained.   
The determination of design seismic forces using linear dynamic analysis and the response 
spectrum method in accordance with Greek seismic regulations is demonstrated.  
 

 

  

1 INTRODUCTION 

1.1 The Project 

The Egnatia Motorway, the reincarnation of the great Roman highway known as the Via Egnatia, is 
a 680 km modern motorway spanning Northern Greece from its western to its eastern border. Along 
the route, it passes through several mountainous sections requiring a number of major bridge 
structures with long spans and relatively tall piers. The combined length of all bridges amounts to 
40 km. At present, over 70% of the motorway are completed and have been opened to traffic; a 
further 20% are currently under construction [1]. The overall cost for completion of the entire 
project is in the order of �4.3 billion [2]. 
 
In cooperation with their Athens office, UK based Faber Maunsell have been appointed by Egnatia 
Odos A.E., the company founded to manage the design and construction of the whole project, to 
provide design services under a framework agreement. To date, they have been involved in the 
design of two Egnatia bridges that are going to be built using the balanced cantilever technique, 
producing the detailed design for one of them, while acting as Independent Design Checker on the 
other. 
 
Due to the high seismic activity in the region, the bridges must be designed to resist earthquakes. 
Designs are generally carried out to German DIN standards and Egnatia Odos internal requirements 
as well as Greek seismic regulations. 



1.2 The Structure 

In the western section of the project, the Egnatia Motorway crosses the steep-sided valley of the 
Venetikos River before entering into a tunnel at the valley’s northern end. The Egnatia Motorway 
bridges are generally twin split carriageway bridges constructed side by side with two lanes in each 
direction. However, at this location the alignment bifurcates at the southern end of the valley and, 
due to the prevailing topography and a widening gap between both branches, the construction of 
two bridges with different lengths is required (Picture 1).  
Taking into account the constraints on pier locations by the presence of the Venetikos River, a span 
arrangement was chosen that allowed both branches to have identical main spans of 120 m. With 
total lengths of 531m and 636m, respectively, this resulted in one additional main span for the 
longer of the two bridges as well as a slight variation in the length of end spans, and thus enabled a 
common design for the superstructure erected by the balanced cantilevering method. The remaining 
length of end spans, varying between 17m and 27m is constructed on falsework and later made 
continuous with the cantilevered deck by prestressing.  
 
 

 
 
Picture 1: Plan on bridge layout  
 
 

2 BALANCED CANTILEVER DESIGN  

2.1 Cast-in-place Cantilevering Technique 

During the cast-in-place cantilever construction, the bridge superstructure is erected by the 
subsequent casting of deck segments on either side of the pier. In order to install both form 
travellers for each direction of cantilevering, a deck segment of about 10m length has to be 
constructed on top of the column. Progressing from the so-called pier table, the travellers are moved 
along the deck while the weight of each new segment is balanced by its counterpart on the other 
side (Picture 2).  
 
 



 
 
Picture 2: Balanced Cantilever Construction (courtesy of Margaritidis) 
 
 
To achieve rapid erection in cast-in-place construction, it is important to minimize the length of 
each casting cycle. However, as opposed to precast cantilever construction where segments are 
stored for some time before being put into position, newly cast segments need time to cure and gain 
the necessary strength to sustain loads due to post-tensioning and the weight of subsequent 
elements.  
A reasonable estimation for an average casting cycle is seven days. Apart from casting and curing 
of the concrete, time needs to be allowed for moving of the traveller into the new position, fixing of 
reinforcement, installation of tendon ducts, final adjustments to the formwork as well as stressing 
and grouting of tendons. A possibility to economize on the demand for labour, which was proposed 
in this design, is to cast the segments asymmetrically, allowing some of the above tasks to be 
carried out at one cantilever arm, while the newly cast segment on the other side is curing.  
 
Although the structural system during the cantilever construction is statically determinate, the 
effects of segmental construction require careful consideration during the design. When a new 
segment is added and stressed, elastic shortening of all previously installed segments occurs, 
relieving part of the prestressing forces applied up to now. The accurate prediction of prestress 
losses also plays a major role in calculating the required camber to ensure that cantilever beams 
meet at the same level at midspan and that the deck assumes its intended position.  
 
After casting of the closure segments the structure becomes statically indeterminate. Due to creep 
effects additional curvatures would continue to occur in the unrestrained system; however, they are 
now incompatible with the restraints imposed by the completed structure. This causes a 
redistribution of bending moments from the piers towards the span over time and has to be taken 
into account during verification of long-term stresses.  
 
 



 
 
Picture 3: Analysis model of the left branch 
 

2.2 Generation of Analysis Model 

For the analysis of the two branches of the Venetikos Bridge two separate three-dimensional frame 
models have been created using the CADINP language. Picture 3 shows the model for the left 
branch. The superstructure, consisting of a single cell box girder, has been modelled using beam 
elements with variable depth. The cross-section of the deck varies from a depth of 7.0m at the pier 
root to 2.8m at midspan and abutments or, in terms of span to depth ratio, from 17 to 43 (Picture 4). 
The cross-section width is constant along the length of the bridge, the top flange measuring 13.5m 
and the bottom flange 7.0m. The top and bottom flanges have a minimum thickness of 300mm. The 
depth of the bottom flange increases linearly to a depth of 900mm between the quarter-point of the 
span and the pier. The webs are vertical and have a thickness of 450mm. Haunches are provided at 
the intersection of webs with the top and bottom slabs. The superelevation of the deck provided for 
drainage has been ignored in the cross-section of the analysis model. 
The variations of the deck cross-section in longitudinal direction have been input by means of a 
parametric definition, thus allowing a section to be generated as a function of its distance from the 
pier centre line. In particular, the hyperbolic equation defining the curved soffit of the deck, which 
not only plays a major role for the aesthetics of the bridge but is also important for the efficiency of 
the design, has been directly incorporated in the input. As a result, changes to the girder depth 
variation as well as the segmentation of the cantilever could be easily implemented.  
Furthermore, the regularity of the superstructure could be exploited during the generation of the 
models by using loop facilities to create a series of four or five cantilevers for the two respective 
bridges. 
 

 
 
Picture 4: Part cross-section through pier table and midspan segment 
 



2.3 Prestressing Tendon Layout 

During construction of the balanced cantilever, a pair of cantilever tendons is installed in the top 
flange to connect each new segment to the existing deck. Once the closure segments have been cast, 
continuity tendons in the bottom flange are used to provide continuity across the span joints. 
For an accurate calculation of prestressing forces, it is important to consider initial losses due to 
friction and wedge slip. Friction occurs between the tendon and duct interior and depends on the 
planned angular variation as well as the “wobble” factor. Wedge slip at the stressing end after lock-
off results in a local drop of the prestressing force or can, in case of shorter tendons, affect the 
whole length of the cable.  
The above effects can only be accurately computed in an analysis model, if the tendons are input 
with their exact geometry, taking into account their length and curvature in two planes. The tendon 
layout for a typical cantilever of the Venetikos Bridge consists of 24 cantilever tendons per side of 
the box, varying in length between 13m and 113m. They are stressed from one end only and are 
anchored in the thickened node where top flange and web join. The shortest tendons run closest to 
the web centreline; subsequent longer tendons pass their predecessor on the outside before moving 
inwards to the common anchorage position (Picture 5). 
In the main spans, 10 continuity tendons are provided per box half. They are anchored in pairs at 
blisters on the inside of the box girder spread over five segments on either side of the span centre 
line. Apart from smaller friction losses due to shorter lengths, concentration of the tendons in the 
flexible central part of the span results in smaller parasitic effects. 
 
When defining individual tendons, each is assigned a construction stage index for installation and 
grouting. This order will allow the influence of elastic shortening due to stressing of subsequent 
tendons as well as possible strain increases due to external loading (elastic recovery) on the 
prestressing forces to be taken into account. 
 
 

   
 
Picture 5: Prestressing layout of top flange cantilever tendons 
 

2.4 Analysis of Construction Stages 

The analysis of the construction stages from the beginning of cantilevering to completion of the 
bridge requires all significant loads arising from self weight, prestressing, form travellers and creep 
and shrinkage to be systematically applied to the model as well as consideration of the continuous 
changes to the static system. After completion of the deck, superimposed loads are applied and 
moments will redistribute in the structural system due to the time-dependent material properties. 
 
Taking all of these effects into account is a complex task that can be simplified by using the 
Construction Stage Manager module (CSM) [3]. It allows the information defining activation of 
individual elements and applied loading to be input in tabular form while incorporating the 
prestressing loads based on the already defined construction stage indices. The program will then 
generate the input for all load cases representing the construction sequence including effects of 



creep and shrinkage. Dead load is generally calculated automatically by the program. However, 
during cantilevering the self weight of the blisters, the heavy anchorage blocks for the continuity 
tendons, has to be added manually as their geometry has not been included in the definition of the 
deck cross-section. Each creep step is assigned a fraction of the total creep and shrinkage which is 
calculated in accordance with their time-dependent behaviour and the time schedule assumed for 
the construction. The total creep factor can be estimated by the program or specified in the input. 
For cast-in-place cantilever construction it is important to take into account the early loading of the 
relatively young concrete.  
 
In case of multi-span bridges, the form travellers are often dismantled after finishing the 
cantilevering on one pier and are then set up for new use on the next cantilever. This means that two 
cantilevers are likely to be of different age when they are stitched together. For practical reasons, 
the analysis of the cantilevering stages is initially carried out concurrently for all bridge piers. Age 
differences can then be implemented by means of a WAIT function, which “freezes” time-
dependent effects such as creep in parts of the structure that are constructed at a later date.  
 
The completion of deck cantilevering will leave a gap of 2m at the centre of all internal spans. One 
of the form travellers is then used to bridge the remaining opening and ensure that no relative 
movement takes place during casting and subsequent hardening of the concrete. After applying the 
continuity prestress, the up to 70 ton heavy form traveller is dismantled, resulting in an upward 
deflection and a negative moment being introduced in the span.  
 
Side spans are cast on formwork against the end of the cantilever and prestressed. In order to 
introduce additional hogging moments, the deck profile is initially cast high to allow later lowering 
at the abutments of up to 200mm once deck continuity is achieved through bottom flange prestress. 
This operation is represented in the analysis model by imposing a reduction in length on a vertical 
dummy member connecting the deck with the support springs. The hogging moment resulting from 
lowering of the deck only causes a marginal stress increase at the pier section due to the high 
modulus, but the benefit at midspan is significant. The reduction in support reaction is only a 
fraction of that from permanent loads and therefore not seen as a cause for concern. 
 
The final part of the construction stage analysis is the calculation of the moment distribution at the 
time equal to infinity. The stresses in the structure at this stage are compared with the hypothetical 
results of the continuous system assuming that all segments were cast and loaded at the same time. 
 
 

3 SEISMIC DESIGN 

3.1 Seismic Design assumptions 

The seismic design of the Venetikos Bridge is carried out according to Greek standards. EAK 2000 
is the Greek Seismic Code for the design of structures in general; E39/99 is a set of Guidelines for 
the Seismic Design of Bridges. The bridge site lies in the Seismic Risk Zone I which is equivalent 
to a peak ground acceleration of a = 0.16g. The design guidelines specify an importance factor γ1 
equal to 1.3 reflecting the significance of the structure. 
 
The design for resistance against earthquake forces relies on the dissipation of energy by formation 
of plastic hinges in the substructure, i.e. at the top and bottom of piers. The code requirements state 
that under the design earthquake, which has a return period of 475 years, only limited and repairable 
damage should occur. The fact that the structure is capable of withstanding seismic actions through 
ductile behaviour is considered by applying a reduction factor (behaviour factor) of up to 3.5 to the 
seismic forces that would occur if the system remained elastic without limit. 
 



The design of the structure also includes checks for earthquake during the construction phase. In 
this case the design earthquake has a much shorter return period. As a simplification, the seismic 
action during construction may be taken as 50% of the normal design seismic action. However, 
during earthquakes the structure should only sustain minor damage without the need for immediate 
repair, thus limiting the behaviour factor to 1.0 (elastic design).  
 
 

 
 
Picture 6: Bridge Elevation of both branches 
 

3.2 Seismic behaviour of the bridge 

The key to increasing the seismic performance of a bridge is to ensure that plastic hinges form 
simultaneously in as many piers as possible. For this to happen, all piers should have approximately 
the same stiffness allowing an equal distribution of seismic loading within the structure. Pier 
heights of the Venetikos Bridge vary between 25m and 64m due to the steep increase of the ground 
level in the valley (Picture 6). In order to overcome the difficulty presented by the large variation in 
heights, taller piers are made of rectangular hollow sections, which provide high bending stiffness 
while minimizing the mass, and shorter piers are constructed as double-leaf piers with lower 
stiffness, particularly in longitudinal direction. 
 
The assumption of ductile behaviour, which allows a reduction of the design seismic forces, is 
generally justified if special rules for detailing of reinforcement in the plastic hinging zones are 
satisfied. However, for major bridges it is recommended that the behaviour factors used in the 
design are verified by means of a non-linear static analysis of the structure [2]. It involves 
determination of the ultimate horizontal resistance and the actual displacement demand during an 
earthquake and will confirm the formation of plastic hinges as assumed in the design. Following 
investigations carried out in the preliminary design phase, a behaviour factor of 2.0 in both 
longitudinal and transverse direction was chosen for the design of the Venetikos Bridge.  
 
Determination of seismic internal forces due to the excitation by the design earthquake requires the 
calculation of the eigenmodes of the structure. For this analysis, a sufficient number of degrees of 
freedom have to be provided to ensure that all significant mode shapes can be represented and that 
the distributed mass is idealized adequately by lumped masses at the nodes. The piers are therefore 
divided into ten elements, while in the deck the distribution of mass is assumed in accordance with 
the element division adopted during analysis of segmental construction. Besides the self weight of 
the structure, additional masses due to superimposed loads such as raised verges and surfacing as 
well as a certain proportion of live load, equivalent to the quasi-permanent value (0.2 for road 
bridges) of the action, have to be considered.  



Higher stiffness results in higher seismic design forces. For this reason, the pier supports, which in 
the real structure consist of bored concrete piles with pile caps as well as rock sockets, are assumed 
as fixed in the dynamic analysis. The stiffness of the pier elements is reduced to an effective value 
taking into account cracked section properties. Recommendations for estimating the effective 
stiffness of ductile reinforced concrete members can be found in the codes. In this design, a value of 
60% of the stiffness of the un-cracked section is assumed. 
 

3.3 Response Spectrum Method 

Stress resultants due to seismic excitation are calculated using the response spectrum method. This 
is a linear analysis in which the peak dynamic responses of all significant modes of the structure are 
calculated individually. The overall response is then obtained by statistical combination of the 
contributions according to the method of complete quadratic combination (CQC). 
The magnitude of the reduced design spectrum depends on the behaviour factor and the peak 
ground acceleration, while the position of its plateau is determined by the subsoil class.  
 
The bridge is analysed separately for excitation in longitudinal, transverse and vertical directions. In 
each case, a sufficient number of modes have to be considered to achieve 90% mass participation. 
For longitudinal excitation, 84% of the total mass alone is activated in the mode shown in Picture 7. 
In order to reach the required mass, approximately 20 eigenvalues have to be assembled. For 
excitation in transverse and vertical direction, consideration of about 50 to 80 modal contributions 
is required.   
The seismic action in each direction is combined with 30% of the actions due to excitation in the 
remaining two directions. Due to the nature of the combination method, all stress resultants are 
initially positive. The final envelope of the design seismic forces is calculated from all possible 
permutations considering positive and negative sense of all individual actions. 
 
 

 
 
Picture 7: Eigenmode in longitudinal direction (0.58Hz) 
 
 

3.4 Capacity Design 

The sections of the intended plastic hinges are designed for the worst bending moments due to the 
permanent and design seismic actions, taking into account corresponding axial loads. Capacity 
design effects are considered for the design of substructure components outside plastic hinging 
zones, allowing for the possibility of overstrength in the plastic hinges due to higher than 
anticipated material strengths and thus resulting in a higher level of seismic action than assumed for 
design of plastic hinges.  



4 CONCLUSION 

This paper has looked at two aspects of the detailed design of a multi-span balanced cantilever 
bridge which were investigated using a global model of the structure: the analysis of construction 
stages from cantilevering to determination of the long-term moment distribution as well as the 
design of the bridge to resist earthquakes.  
 
During the generation of the model, use has been made as much as possible of the parametric input 
facilities which allow easy implementation of changes and the use of standard input blocks in 
separate models. The regularity of the structure inherent to the balanced cantilever technique let the 
user take advantage of loop functions. 
 
Allowing all information required for the analysis of the staged construction to be defined in a 
structured form via the construction stage manager eliminates the otherwise tedious and error-prone 
task of manual input. 
 
The software also provides the required tools to carry out the analysis and design of a complex 
bridge structure according to the methodology proposed in modern seismic codes. 
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