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ABSTRACT 

The main design and construction issues of two highly-skewed post-tensioned 
concrete viaducts are addressed in this paper. The two viaducts allow the A4 
motorway connecting Milan and Turin to pass over the new high-speed railway 
line between Milan and Turin, as well as over the existing railway lines connecting 
Milan to Switzerland (through the Simplon tunnel) and North-Western Italy to 
France (through the Frejus Tunnel). The two viaducts are characterized by very 
high skew (61°) and by extremely slender slabs. 
     Each viaduct is 50 m long (span = 47 m), 20 m wide (4 lanes) and 0.8 m thick,  
to guarantee the clearance required by the underneath railway lines. In order to 
support the slender post-tensioned slab, in each viaduct lateral edge beams shaped 
in the form of crash barriers have been added along the free sides.  
     The slabs of the viaducts, which are the largest and heaviest single-span slabs 
ever built in Italy so far, were cast in situ and post-tensioned beside the abutments 
before being push-launched over the railway lines without intermediate supports. 
(Intermediate supports were excluded in order to prevent any disruptions of the 
railway traffic).  

With such skew and total weight (each slab has a weight in excess of 2500 
tons), the launching operations exhibited some interesting features and a somewhat 
unexpected behaviour.   
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1. INTRODUCTION 
 
The A4 motorway is the main Italian road infrastructure running in the East-West 
direction along the so called “European Corridor V” from the Slovenian border to 
the French border, via Venice, Milan and Turin. Taking advantage of the 
construction of the new high speed railway line between Milan and Turin along 
the same corridor, the width of the A4 motorway has been increased from 10 m to  
18 m, in both directions. 

Outside Milan, but still in the city’s outskirts, driving westbound, the motorway 
crosses the railway corridor connecting Milan to North-Western Italy, Switzerland 
and France (Figure 1). The original crossing consisted of two concrete bridges, 
built in the seventies and eighties of the past century. Because of the insufficient 
underneath clearance and extensive deterioration, widening the existent bridges  
was not worth doing. The replacement structures had to have the same span 
without the intermediate supports characterizing the old structures. Furthermore, 
the depth of each new viaduct had to be kept to a minimum to increase the 
underneath clearance for the train lines, as required by the Italian Railway Agency.  

These constrains were met with two highly-skewed post-tensioned slabs, 
spanning a little less than 47 m, with an average depth of only 80 cm. Since such a 
thickness was not sufficient to guarantee the bearing capacity and the stiffness, the 
lateral free edges of the slabs were strengthened with extradosed  beams acting 
also as stiff crash-barriers for the motorway  (Figures 2 and 3). 

 

 
 
Figure 1 – The Certosa crossing with the temporary A4 motorway detour during 
the construction of the two highly-skewed viaducts. 
 

 

2. The structural design  
 
The design and construction of the viaducts was particularly demanding, not only 
because of the slenderness, skew and distorting effect due to the edge beams, but 
also because the viaducts were cast in situ beside the abutments and subsequently 
push-launched over the railway lines, without intermediate supports. 
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Figure 2 – Slab plan (one carriageway). 
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Figure 3 – Cross section of the two viaducts. 

 
Preliminary analyses pointed out that the required thickness (80 cm) was not 

sufficient for the given span and geometry. As a matter of fact, in each slab the 
span measured perpendicularly to the abutments is much smaller (22 m) than the 
two sides aligned with the motorway, which were simply too long to bear the self 
weight and the variable load with such a small thickness. The only solution was to 
introduce extradosed beams along the free sides to increase structural stiffness and 
strength, though the parts of each slabs close to the two beams would behave quite 
differently from the remaining parts, because of the reorientation of the stress flow 
due to the significant forces “attracted” by the edge beams. The introduction of 
these edge beams required a specific arrangement of the post-tensioning tendons, 
in a way rather different from what is generally expected in the slabs devoid of 
edge beams (Leonhardt, 1980). 

The rather complex post-tensioning system consists of three sub-systems of 
tendons (Figure 4): 

- Longitudinal post-tensioning tendons in the edge beams: each beam has been 
post-tensioned by means of 7 tendons, each made of 19 super strands with a 
diameter of 15 mm (0.6” super); the layout of the tendons is shown in Figure 4; the 
tendons remain above the neutral axis near the obtuse corners, because of the 
negative moment caused by the very high skew. 

- Transverse post-tensioning tendons in the slab: each slab is transversely 
prestressed by means of 43 tendons of 15 strands each (0.6” super); this post-
tensioning sub-system is at right angles to the edge beams; the  tendons are closely 



spaced near the obtuse corners and coarsely spaced near the acute corners; this 
arrangement simplifies both the anchorage of the tendons and their installation, 
and comes very close to the optimal configuration, with the tendons fanning out 
from the obtuse corners. 

- Longitudinal post-tensioning tendons in the slab: each slab is longitudinally 
prestressed with 24 tendons of 19 strands each (0.6” super); this post-tensioning 
sub-system could not be parallel to the alignment of the motorway without 
incurring in a significant loss of efficiency; hence, the sub-system was rotated 
following the diagonal connecting the two obtuse corners; with such configuration , 
the tendons are closely spaced near the obtuse corners where they overlap on two 
layers and fan out towards the acute corners where they are coarsely spaced on a 
single layer.    

SUPPORTED SIDE TOWARDS TURIN

EDGE BEAM

EDGE BEAM

LATERAL VIEW EDGE BEAM (CROSS-SECTION)

SUPPORTED SIDE TOWARDS MILAN

 

Figure 4 – Layout of the prestressing tendons and longitudinal section of a edge 
beam.  

 
 

3. Finite-element modelling and structural behaviour   

 
Structural analysis was carried out by modelling the viaducts via full 3D (brick) 
finite elements, in the various launching phases (Figures 5 and 6). Given the 
geometry of the slabs, 3D modelling was the only viable approach, since a plate 
model could not properly describe the effect of the extradosed edge beams, in 
terms of (a) global bending behaviour, and (b) shear and torsion behaviour, as 
shear and torsion are localized close to the obtuse corners. 

The drawback of the brick model has to do with pre- and post-processing. In 
the pre-processing phase, the forces applied by the prestressing tendons must be 
calculated and applied to the nearest available nodes of the mesh (hence the mesh 
should be rather fine). In the post-processing phase, the stresses need to be 
integrated so as to obtain meaningful quantities for design purposes (layout of the 
ordinary reinforcement, checks at the serviceability limit state – for instance, on 
crack opening - and checks at the ultimate limit state). 



The whole process is particularly demanding since the structure must be 
analysed for all the different configurations met during the push-launching process 
(roughly one configuration for each 4 m-step during the advancement, plus the 
service conditions under the different live loads). As a matter of fact, for these 
types of very heavy structures, the launching conditions are often more severe than 
those met in the final configuration (self weight + variable loads). 

The finite element mesh is aligned with the actual structure. The 8-node 
isoparametric brick elements are therefore skewed. The side length of the brick 
elements is roughly 1.0 m, while the thickness is  40 cm (2 superimposed elements 
are necessary to recreate the actual thickness of the slab). The mesh of the edge 
beams is similar (4 x 3 elements across the section). Globally the mesh of a single 
slab consisted of 6456 nodes and 4126 brick elements. 

 

 
 

Figure 5 – Finite-element mesh and supports in the final configuration. 
 

 
 

Figure 6 – Finite-element mesh used for the launching phases. 
 

The structural response under the service loads (a uniformly-distributed load of 
roughly 30 kN/m2, resulting from the self weight and the variable loads) shows a 
significant saddle effect (Figure 7), with the internal forces aligned with the 



diagonal connecting the obtuse corners. Without the edge beams this saddle-like 
behaviour would be responsible for bearing most of the applied load with the slab 
free sides showing very large vertical deflections and consequently severe stresses. 
As a matter of fact, the problem with this slab geometry is not only the very high 
skew but also the span-to-width ratio. Skewed structures rotate the stress field and 
align the internal forces along the minimum free span. In our case this rotation can 
only develop on a very narrow strip because the slabs are not wide enough with 
respect to both the span and the skew. The edge beams regularize in some way the 
structural behaviour, as the internal forces tend to be perpendicular to the 
abutments (minimum free span), but the vertical reactions are more evenly spread 
along the supported sides. In other words, the edge beams provide a sort of 
boundary effect equivalent to widening the slab.  

Although the slab rests on 5+5 equally-spaced bearings, almost 50% of the load 
is taken by the two bearings placed under the edge beams at the obtuse corners. 
For this reason, the section of each edge beam (that is shaped like an inverted L 
along most of the span, Figure 8b) is rectangular close to the above-mentioned 
supports (Figure 8a), to provide greater shear and torsional strengths. Since the 
configuration with 5+5 supports is highly redundant, the support reactions can be 
tuned in order to optimize the forces and the stresses in the structure. Basically, 
once the slab is lowered into its final position, specified distortions are applied in 
order to transfer a share of the load from the supports at the obtuse corners to the 
adjacent supports and to increase the reactions of the supports under the edge 
beams at the acute corners.  

It should be observed that - given the stiffness of the slabs, and the construction 
tolerances of the slabs and of the abutments - tuning (adjusting) the reactions when 
lowering these structures is mandatory. Furthermore, the distortions reported in 
Table 1 are purely theoretical, since they were calculated via FE analysis, 
assuming perfect planarity for the slab and the bearings on the two abutments.  
 
Table 1 – Support reactions and theoretical distortions under the permanent load 
(Bearing 1 under the obtuse corner).  
 

Bearings 
No. 

Theoretical 
 reaction  (ton)  

Imposed  
reaction  (ton) 

Theoretical 
distortion (mm) 

1 685 635  - 
2 45 90  4 
3 185 180  10 
4 160 140  21 
5 110 140 39 

 
The layout of the post-tensioning tendons in the slab has been arranged to 

match - as much as possible - the principal directions of the tensile stresses 
(Figures 4 and 7). 



Near the supports at the obtuse corners, the stresses exhibit very high gradients 
and rotations of the principal directions; hence, the only solution was to arrange 
the longitudinal tendons on two planes across the slab thickness, with the 
advantage of decreasing the spacing of the transverse tendons. In these areas, the 
slab thickness was increased by about 6% (from 80 cm to 85 cm), while close to 
the acute corners the thickness was decreased by the same amount (from 80 cm to 
75 cm, Figure 8). Increasing slab thickness and using a significant amount of 
reinforcing bars at the bottom and at the top of the slabs (two orthogonal layers of 
∅26 bars spaced by 12.5 cm) was the only means to avoid cracking due to the 
very high shear and torsion, that are typical of these structures. 

 
 

 
 

Figure 7 – Principal tensile stresses under the dead load. 
 

 
                    (a)                                                                                    (b) 
 
Figure 8 – Details of the cross sections of the slab and of the edge beams near the 
obtuse corners (a); and  the acute corners (b). 

 
During the launching process, the slabs behaved quite differently with respect 

to the final configuration. After concrete casting and tendons tensioning, the slabs 
rested on two provisional concrete walls placed under the edge beams. In the 
subsequent phases, the slabs were partly supported by the above-mentioned walls 
and partly by skates (6+6) placed on both abutments. Given the high redundancy 



of the constraints and their variability during the push-launching process, the 
skates were highly self-adaptive, as rubber pads clad in teflon were used.   

In the launching phases, FE analysis had to introduce not only the above-
mentioned self-adaptivity and spatial variability of the supports, but also a proper 
modelling of the metallic launching trusses and of the friction between these 
trusses and the slab. Hence, each launching phase required different boundary 
conditions and the superposition of the statically-equivalent forces representing the 
effect of the prestressing system.  

In order to minimize the tensile stresses induced by the negative moments 
arising in the edge beams during the launching process, a distortion was applied to 
the structure by jacking the skates placed on the landing abutments (i.e. those 
towards  Turin side across the railway lines), as shown in Figure 9. In so doing, the 
structure was given a concave configuration similar to that faced in service 
conditions (Figure 10). This solution was simpler, cheaper and much more 
effective than temporary prestressing, given the sizable lever arm (50 m) available 
between the point of application of the distortion (hydraulic skates on the landing 
abutment, along the Turin sides) and the point of maximum negative moment 
(provisional launching walls along the Milan sides) compared to that of the 
extradosed prestressing bars generally used in similar situations. The accuracy of 
the analysis and of the in-situ applications of the distortions was instrumental in 
guaranteeing a satisfactory structural behaviour. In the end, the whole process 
turned out to be more reliable then any other process, that would still have 
required adjustments at the various supports to take care of the site tolerances.  

 

 
 

Figure 9 – Skates and jacks on the landing abutment. 



 
 
Figure 10 – Amplified distortions imposed during the launching process by 
jacking the skates resting on the landing abutments. 

 
 

4. Construction and launching 
 

From the very beginning, the erection method has been the main issue of the 
whole project. Casting in situ the two slabs in their final position was not allowed 
by the Italian Railway Agency because of the ensuing disruption of the rail traffic. 
(Provisional intermediate supports would have been required between the tracks; 
without these supports for the formworks, casting 5000 tons of concrete over the 
tracks would have been simply unfeasible). 

The two slabs had to be cast and prestressed on the Milan side of the existing 
road embankment (beyond the abutment), prior to being launched and put in the 
final position. In order to do that, the A4 motorway had been previously moved 
onto a temporary viaduct built a hundred meters north of the existing viaducts.  

In the preliminary phase of the design, launching was supposed to take 
advantage of the concrete piers of the old viaducts (to be strengthened wherever 
needed) so as to reduce the forces in the launching equipment and in the slabs, by 
reducing the free span by 50%. This solution would have required the interruption 
of the railway lines to demolish these intermediate supports.  

Later it was decided to simultaneously demolish the existing structures – deck 
and piers – and to launch the new structures without intermediate supports, over a 
span (50 m) greater then the final span (47 m), because the launching skates could 
only be placed beyond the final bearings, that had to be already in place during the 
launching operations. 
The actual solution for the push-launching process was devised together with an 
Italian company specialised in these type of operations (firm Guerini Elio S.r.l. 
from Pian Camuno, Brescia). The mixed behaviour of the two laterally-stiffened 
slabs offered the possibility of adopting different solutions, as launching could 
take advantage in different ways of the bearing capacity of the edge beams. The 



final solution was a compromise, as the edge beams were used to guide and push 
the structure, but the actual launching was carried out using launching “noses” 
made of 3 steel truss girders, each 87 m long and with a bending capacity of 5000 
ton·m. These girders were anchored to the extrados of the slab for roughly 40 m; 
hence, they behaved as cantilevers over a span of 50m in front of the slab (Figure 
11). A transition segment with stiff plated girders bearing the very high shear 
loads in the launching phase allowed the trusses to pass over the slab still 
providing a continuous sliding surface aligned with the intrados of the slab itself  
(Figures 11). The extremities of the truss girders were tilted upwards, to facilitate  
their engagement over the skates of the landing abutment. (This tilting  
upwards is not indicated in Figure 11). The connection between the trusses and the 
slab was made with 60 mm vertical bars welded to umbrella-shaped rebars cast 
into the slab (Figure 12 right). Further anchorage capacity was provided by 
provisionally anchoring some of the longitudinal prestressing tendons of the slab 
(8 for each truss), to the bottom of the trusses (Figure 13, bottom, central position). 
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Figure 11 – Side view of one of the launching truss girders. 

 
 

 
 
Figure 12 – The prestressing system of the slab (left) and the anchors of the 
launching girders before casting (right). 

 
The spacing of these trusses was chosen so as to evenly distribute the load 

between the three of them. Two trusses were placed side-by-side close to the edge 
beam passing through the forward obtuse corner and the third truss was placed 
alongside the other edge beam (Figure 14).  



The slabs were cast on two 100 m-long concrete launching walls. The length of 
these walls allowed the slabs to be cast and the trusses to be erected beside the 
tracks, towards Milan. Later, the first 50 m-run was used to launch the trusses 
above the railway lines and the subsequent 50 m to launch the slabs. 

The prestressing tendons started being tensioned not later than one week past 
concrete casting (concrete cubic strength above 60 MPa; design strength at 28 
days = 55 MPa).  

Once the longitudinal launching of the first slab was completed, the slab had to 
be transversally moved on the abutments (Figure 15 right) in order to allow the 
casting yard and the provisional launching walls to be reused for the construction 
of the second slab. The first slab could also be used as a platform for moving back 
the very heavy launching girders, to be fixed to the second slab.    

 

 
 

Figure 13 – Front connection between the launching girders and the slab. 

 

 
 

Figure 14 – First slab: initial phase of the push-launching process. 



 
 
Figure 15 – The driving jacks (left) and the skate system for the transverse 
translation of the first slab (right). 

 

 
 

Figure 16 – Rail traffic as usual during the launching process. 



 
 
Figure 17 – The two slab-viaducts in their final position (the viaducts look 
different because of the optical illusion caused by their very high skew).   

 
During the push-launching phase, very high negative moments arose in the slab. 

(In this phase the slab is a part of the “composite” cantilever protruding from the 
provisional walls, and comprising the slab itself and the three trusses, Figure 16). 
Using provisional prestressing tendons, however, was considered too cumbersome 
and expensive. As an alternative, the slab was continuously kept under positive 
bending (sagging) by imposing suitable distortions to the launching truss girders 
via the hydraulic skates positioned on the landing abutment (Figures 9 and 10).  

During the longitudinal-push launching process of the two slabs, the extreme 
skew gave rise to an unexpected behaviour, that is worth mentioning. Although 
everybody expected the longitudinal advancement to be straightforward with the 
pushing forces applied from the back by means of two 200 ton jacks self-anchored 
against the concrete launching walls (Figure 15 left), and the steel trusses 
longitudinally aligned and resting on the landing skates of the opposite abutment, 
the two slabs refused to move on a straight line. As a matter of fact, the lack of 
symmetry with respect to the longitudinal launching axis gave rise to a strong 
twisting moment and to a misalignment of the slab, that had to be counter-reacted 
by adjusting the thrust of the two jacks and by adding other temporary guiding 
points along the drive.  

This behaviour has a simple explanation, that became clear during and past the 
launching operations: during the launching process, the two obtuse corners of the 
slab, which bear most of the load, are one in front and one in the back; hence,  
different friction coefficient apply, since at the forward end the sliding occurs 
between the steel truss girders and the skates, while at the rear end the sliding 
occurs between the slab and the launching walls. In this situation, friction  tends to 
be significantly different along the two thrusting alignments (launching walls) and 
the slab tends to rotate in the horizontal plane, by deviating from the correct 
alignment. (This well-known tendency typical of the initial phase of the push-



launching process affects - more or less - the launching process of all bridges, but 
quickly vanishes after the first couple of spans are on track).   

Another partially-unexpected effect occurring in the launching process 
concerned its final phase, when the first slab was left resting on the provisional 
supports (skates). These supports were aligned with the bottom chords of the 
launching truss girders, and were – therefore - clustered at the 4 corners of the slab. 
The longitudinal launching was halted short of the final position by roughly 50 cm 
(a final push was then required to provide the exact alignment requested by 
transverse  translation). As already said, the slab free span on the provisional 
supports was larger than that of the slab in service conditions. Adding the above- 
said 50 cm at the obtuse corner caused an increase of the sagging moment in the 
edge beam of over 1500 ton·m. In this configuration, the first slab showed a 
noticeable downward deflection (close to 80 mm). Although FE analysis had 
proved this configuration to be safe, and the slab deformations to be elastic and 
reversible, the widespread feeling was that the deflection could not be reverted, as 
occurred, when the slab was lowered on the bearings and their reactions were 
tuned according to the final design values. 

In spite of the many large-span concrete structures exhibiting a sizable 
flexibility, many of the people involved in the launching operations of the two 
viaducts in question were quite surprised to see such deformations occurring in a 
monolithic slab-and-beams system of that kind of span.  

 
 

6. CONCLUSIONS 
 
Due to a number of specific site constraints, crossing the A4 motorway over the 
railway corridor at Certosa in the outskirts of Milan required the construction of 
two peculiar concrete structures, very large, very skewed and extremely slender.  
     Because of so many peculiarities, the design and construction of these 
structures brought in a number of interesting and rather general issues, to be found  
in other concrete post-tensioned concrete structures.  

- Erection of concrete structures by push launching is particularly effective, 
both technically and economically. Push launching often allows to cast in 
situ the whole structure. In so doing, some of the weaknesses of precasting 
(such as those associated with transportation, erection and assembly) are 
eliminated. Push launching itself can be very fast and straightforward, and 
should be always taken into consideration when erecting large-span 
structures. 

- Extradosed thin concrete structures have a great potential and may be used 
in a variety of situations, as an alternative to standard beam-and-slab 
systems. Contrary to extradosed steel structures, concrete extradosed 
structures are insensitive to buckling and to accidental impact, which are the 
most serious causes of concern in steel structures. 



- Using high- and ultra high-strength concretes, especially those containing 
fibres, allows to design and build R/C and P/C structures characterized by a 
rather different behaviour compared to that of the structures designers are 
generally familiar with. The design of these innovative structures, however, 
requires a number of rather demanding issues to be addressed, such as those 
related to slenderness, flexibility and camber, similarly to what is customary 
in steel design.  

- Plane-wise skewed structures differ from plan-wise rectangular or square 
structures in terms not only of static behaviour, but also of kinematic 
behaviour, something designers should always be aware of!  
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