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1 Introduction 

1.1 Scope of works 

This document describes the different support structures applicable for the suspended deck. The 

structures are designed primary by hand calculations based on reactions from the global IBDAS 

FE-model. Further more spreadsheets and the local FE-models described in "General Design 

Principles for Suspended Deck" are used for verifying more complicated connections and supports. 

2 Hanger Anchorages 

In this chapter, the pull-out strength for anchor and cheek plates in hanger anchorage AP1 to AP6, 

is verified. This is done in addition to the local FEM-verification of the hanger anchorage in "Design 

Report - Local FE-models of Suspended deck". This verification is carried out, for the maximum 

axial hanger forces at the lower hanger anchorage, determined in the global IBDAS model. The 

relevant load combination used for this verification is the ULS QL load combination 6552, which is 

specified as combination 2 in "Design Basis" Table 24b. The relevant hanger forces are illustrated 

in Table 2-1. 

 

Table 2-1 ULS hanger reactions from the global IBDAS model 

Hanger no. Hanger Anchorage 

S-coordinate  

[m] 

ULS 
QL 

[MN] 

60 AP1 0.0 6.13 

41 AP2 -570.0 6.02 

20 AP3 -1200.0 6.04 

7 AP4 -1590.0 6.66 

6 AP5a -1620.0 10.42 

5 AP5b -1680.0 14.13 

2 AP6 -1770.0 7.98 

 

Material safety factor γM0 = 1.05. 
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The geometry of the yielding lines is shown in Figure 2-1. 

 

Figure 2-1 Sketch defining yielding lines for pull-out strength 

 

Table 2-2 Verification of the pull-put strength for the hanger anchorages 

Hanger AP1 AP2 AP3 AP4 AP5a AP5b AP6 

Pd [MN] 6.13 6.02 6.04 6.66 10.42 14.13 7.98 

a [mm] 380 380 380 480 730 730 730 

b [mm] 300 250 250 360 470 360 470 

R [mm] 270 200 200 280 380 280 380 

r [mm] 156 97 103 122 171 122 171 

T [mm] 120 160 190 230 260 240 260 

t [mm] 60 60 70 90 100 100 100 

As  [mm2] 26529 31772 36270 65140 103162 91314 103162 

σ [Mpa] 91 79 70 41 42 69 33 

τ [Mpa] 72 52 46 31 27 34 21 

σVM [Mpa] 154 120 105 67 64 91 49 

fyd  [MPa] 438 438 438 438 438 438 438 

UR 0.35 0.27 0.24 0.15 0.15 0.21 0.11 

 

T = tanchorplate + 2 x tcheekplate 

t = tanchorplate 
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As shown in Table 2-2 the utilisation ratios for the applied hanger forces in Table 2-1 the hanger 

anchorages have sufficient pull-out capacity. 

3 Buffers, Lateral Restraints and Bearings at Towers 

3.1 Cross Girder Extensions 

The connection between the tower and deck is made though a system of buffers. The group of 

buffers connected to the cross girder T4a is able to transfer a maximum force of 40MN. In the 

following calculation it has been assumed this the maximum force and a vertical displacement of in 

1.5m occurs at the same time. This is a conservative approach. Stiffeners to the skin plates have 

not been taken in consideration for the capacity of the section, but their position has been studied 

to get the full effective plates in accord to EN1993-1-5:2006. 

For the connection of the buffers to the extended cross girder, reference is made to the 

calculations made for the towers as they have exact the same geometry. 
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The linear stress utilisation ratio is 1.02 in the shown points. In this accidental load case this 

exceeding of yield stress is within a reasonable level for local plastic redistributing of stresses. 

3.2 Corbels for Support of Drop in Span 

At the location of bearing A3 a reaction of F=8.8 MN is transferred to the corbels for supporting the 

drop-in span. The corbels will transfer a moment and a shear force into the cross section of the 

cross girder T4a and T4b. These forces need to be absorbed locally in the section - and since the 

plate thicknesses in the cross girder are the same, see Figure 3-1, the section here has been 

verified for the bearing reaction. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Support Structures Codice documento 

PS0078_F0 

Rev 

F0 

Data 

20-06-2011 

 

Eurolink S.C.p.A. Pagina 11 di 59 

Figure 3-1 Corbels at drop-in span 
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3.3 Support Arrangement and cut out for Expansion Joint 

The end of the 60m roadway drop-in span, is designed to accommodate the bearing reactions (A1 

and A2) and geometrical requirements of the expansion joint. The global ULS bearing reactions 

and movements are applied according to the results from the global IBDAS model.  

     

Figure 3-2 Plan view and support detail of 60m drop in span 

 

 

Figure 3-3 Section A-A at cut out for expansion joint 

 

Support detail 

A 

A 

Support detail 
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Figure 3-4 Section D-D and section B-B at cut out for expansion joint 

The maximum movement of the bearing in longitudinal direction is UULS = +/- 700 mm. The vertical 

ULS action from the bearing according the global IBDAS model is Rd = 8.8 MN, which gives the 

section forces in section B-B: 

Vd = 8.8 MN, Md = Vd x 1.60m = 14.1 MNm 

Section properties and verification is shown in Figure 3-5 

B 

B 
Rd 

1600mm 

Section B-B 
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Figure 3-5 Section properties and verification of cross section B-B 

3.4 Vertical Support of Triangular Strut Structure 

At the centre of the 60 m railway span, a vertical support is located for the triangular strut structure 

(D2). The vertical support is shown in Figure 3-6. The global ULS bearing reactions and rotations 

are applied according to the results from the global IBDAS model.  
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Figure 3-6 Vertical support of triangular strut structure 

The loads in the transverse support are calculated in IBDAS and given in Table 3-1. It is seen that 

the maximum force is a lifting force of -1.89 MN.  

 

Table 3-1 Loads in transverse support  

In the following the normal stresses are calculated in the top and the bottom of the T-beam for 

tension and compression, respectively. A part of the deck plate corresponding to 10 times the plate 

thickness to each side of the cross section is calculated as being a part of the effective cross 

section.      
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It is seen that the stress level is acceptable using steel S355 since 217 MPa < 338 MPa.  
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4 Bearings and Expansion Joint at Terminal Structures 

4.1 Introduction 

The suspended deck structure is supported on the terminal superstructures at the bearings A5, A8, 

A9, A10 and A11, see Figure 4-1. 

Three bearings (2xA5 and A8) are located at the entry of the terminal structure underneath the last 

cross girder, where the roadway girders end. The railway girder is however protruding longer into 

the terminal structure and bearings for vertical loads are located at two locations - bearings 2xA9 

and A10/A11 at the end of the railway girder. 

In the transverse direction the railway and road girder is guided by bearings A11 and A8. The two 

bearings A5 and A9 are furthermore experiencing high uplift forces. 

 

 

Figure 4-1 Bearing layout at terminal structure on Sicilia side 
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Figure 4-2 Bearing layout at terminal structure on Sicilia side - side view  

4.2 Bearings at Entry of Terminal Structure 

4.2.1 Bearings at Railway Extension 

The bearings at the railway girder extension are located in two lines due to comfort requirements of 

the railway track line. The bearings are designed to accommodate the reactions including lifting 

forces and geometrical requirements according to the results from the global IBDAS model.  

 

 

Figure 4-3 Bearing 2 x A9 at railway extension with anti lifting device 

Bearing A9 is verified in the following.  
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Drawings will be corrected according to the calculations above. The height of the stiffeners is 

changed from 900 mm to 550 mm.  The thickness of the diaphragm is changed to 20mm and the 

steel grade is S460. 

 

The bending moment at bearing A9 is taken from IBDAS in s-coordinate -1842.38. The minimum 

bending moment is My = -18.7 MNm. The bending moment is transferred as a force couple in the 

deck plate and bottom plate as shown in the sketch below.  
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In Figure 4-4 a figure of bearing A10 and A11 is shown. The bearings are verified in the following. 

 

 

Figure 4-4 Bearing A10 and A11 at end of railway extension 
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It should be noticed that the steel grade is changed to S460. 
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The stresses in diaphragm type 5c at the railway extension are calculated in the following. The 

reaction force at the bearing is 2.5 MN. It is assumed that one third of the reaction force in the 

bearing is transferred to the diaphragm.     

 

The stresses are acceptable for steel S355 since 283MPa < 338MPa. 
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4.3 Roadway Expansion Joint 

The roadway expansion joints are of the modular type with two movable sides. At present the 

design requirements are only geometrical so that the joint can be constructed and that it can 

accommodate the ULS movement. 

 

Figure 4-5 Elevation of roadway expansion joint 

4.4 Railway Expansion Joints 

The railway expansion joints are longitudinally moveable stock rails type which can facilitate large 

longitudinal and rotational movements. The support for the railway expansion joints are designed 

to accommodate the reactions geometrical requirements of the expansion joint.  

 

Figure 4-6 Plan of railway expansion joint 
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Figure 4-7 Section in railway expansion joint 

The T-beam shown in Figure 4-7 transfers the rail load. A verification of the T-beam is given in the 

following assuming that a part of the deck plate is effective corresponding to ten times the plate 

thickness.   
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A stress check of the transverse stiffeners between the troughs under the rail system will be done 

in the following. The dimension of the stiffeners is 10x200, c/c 500. The stiffeners shall be capable 

of transferring the horizontal nosing force from the trains of 100kN acting on top of the rail 

contributing with a moment in the stiffener. The wind load is estimated to give a contribution of 

10kN. An α-factor of 1.1 is applied for LM71 and furthermore the load is multiplied with a load 

factor of 1.45. 
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5 Extension of Roadway Deck at Cross Overs/Service Areas 

 

below. 
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Figure 5-1 Roadway extension at cross overs and service areas, service areas shown 

 

 

Figure 5-2 Cross section of roadway extension, service area shown 
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5.1 Backing in Roadway Girder 
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Since the applied-stiffener for backing can not be 500mm in height due to obstruction of passage 

to the manhole for inspection it has in the design been chosen to decrees the size and change to 

steel grade S460. The height has been reduced and the thicknesses changed, see Figure 5-3. 

 

Figure 5-3 T-stiffener add as backing in the roadway girder, cross over location only  

Using the shown dimensions the properties and stresses has been calculated to: 

A= 24480 mm2 

Y= 184.2 mm 

I= 0.61*109 mm4 

m = 385 MPa ; = 55 MPa;   VM = 397 MPa < 438 MPa OK! 

 

 

Different plate thicknesses have been used at the service area due to less loading. The 

calculations are similar and thus not stated here. 
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5.2 Consoles 
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Due to the force couple produced by the moment in the consoles a backing plate has been applied 

for the top flange to ensure full distribution to the diaphragm. 

No calculation has been made for the consoles located at the railway, since the moment of inertia 

of the consoles are larger here (same plate thicknesses) and thus the capacity is sufficient at this 

location. 

Considering the service area the bearing reaction is Fb=150kN, due to this small load no 

calculation shown for these here. All plates at the service area can be 10mm thick and steel grade 

S355 can be used. 

 

6 Back-up for Secondary Structures 

6.1 Service Lane 

The primary backup of the cantilevered beam for the service lane is the diaphragms for every 

3.75m. To ensure an acceptable stress flow at the support, the diaphragms are increased to a 

plate thickness of 12mm in the area shown as t4 in Figure 6-1. 

   

Figure 6-1 Plate thicknesses in roadway diaphragm 

The local FE-model for the roadway girder shown in Figure 6-2 is used for stress verification of this 

area. The model is described in detail in "General Design Principles for Suspended Deck". 
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Figure 6-2 Local FE-model for service lane back-up 

The model shown in Figure 6-2 is supported in the same way as described in "General Design 

Principles for Suspended Deck" to simulate the right boundary conditions. The global position of 

rail and roadway traffic load is fixed for maximising the bending moment My+ in the middle of the 

model. The forces shown in Figure 6-2 is ULS nodal forces of 209kN for the gantry, applied in the 

centreline of the rail, and ULS traffic load on the service lane applied as a nodal force of 60kN in 

the middle of the service lane. 

 

Figure 6-3 Plate thicknesses in Local FE-model for service lane back-up 

The ULS load combination used for the stress verification of the cantilevered beam is: 

 1.25xPP+1.5xPN+1.35xQgantry+1.35xQLservicelane+1.00xQLroadway traffic 

Gantry 
Service lane 

Support 

Applied section 
forces from 
global IBDAS 
model 
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The von Mises stresses for the ULS combination is shown in Figure 6-4. 

 

Figure 6-4 Von Mises stresses for ULS load combination 

The steel grade of the shell elements in the diaphragm corresponds to S355. Stress limit has been 

limited to the yielding stress of fyk/m0 which correspond to 355/1.05=338MPa.  

6.2 Crash Barriers 

The back-up steel for the crash barrier is shown in Figure 6-5. 

  

Figure 6-5 Applied load and geometry of back-up steel for crash barriers 

Fb,t,d 

Point of rotation 
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Tensile strength of a M24 bolt in quality 10.9 with rolled thread: 

Fb,t = 0.9 x As x fub / γM2 = 0.9 x 353 x 1000 / 1.25 = 254kN 

To ensure robustness for the back-up steel for the crash barrier the force is applied with a safety 

factor of Fb,t,d = 1.2 x Fb,t = 305kN. Furthermore this extra safety factor will ensure that the bolts will 

break before the roadway girder and back-up will be damaged.  

A part of the local FE-model for the roadway girder shown in Figure 6-6 is used for verification of 

this connection. The model is described in detail in "General Design Principles for Suspended 

Deck". 

 

Figure 6-6 Part of the local FE-model used for verification of support of the crash barrier 

 

  

Figure 6-7 Plate thicknesses in local FE-model for verification of support of the crash barrier 

Base plate for 
crash barrier 

2x150x16THK 
back-up plates 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Support Structures Codice documento 

PS0078_F0 

Rev 

F0 

Data 

20-06-2011 

 

Eurolink S.C.p.A. Pagina 49 di 59 

 

 

Figure 6-8 Applied Fb,t,d load on the back-up plates 

 

 

Figure 6-9 Overall Von Mises stresses in local FE-model 
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Figure 6-10 Von Mises stresses in local FE-model for verification of support of the crash barrier 

The steel grade of stiffener shell elements corresponds to S460. Stress limit has been limited to 

the yielding stress of fyk/m0 which correspond to 460/1.05 = 438MPa. 
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6.3 Portal for Road Signs 
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6.4 Light Masts 

Geometry of base plates and back-up steel for the lighting masts is shown in Figure 6-11. 

  

Figure 6-11 Light mast base plate and back-up steel in cross girder 
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6.5 Walkway along Railway including railway crash barriers 

The back-up steel for the walkway along the railway crash barriers is shown in Figure 6-12. 

    

Figure 6-12 Applied load and geometry of back-up steel for walkway along railway 

A part of the local FE-model for the railway girder shown in Figure 6-13 and Figure 6-14 is used for 

verification of this connection. The model is described in detail in "General Design Principles for 

Suspended Deck". 
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Figure 6-13 Plate thicknesses for the local FE-model of the walkway along railway 

 

 

Figure 6-14 Plate thicknesses for back-up of the base plates inside the girder 
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Figure 6-15 Load applied on the top base plate for the walkway along railway 

 

Figure 6-16 Load applied on the side base plate for the walkway along railway 

The load combination used for this verification is 1.0 x the load case shown in Figure 6-12 and 

1.35xPP. 
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Figure 6-17 Outer maximum von Mises stresses  

 

 

Figure 6-18 Maximum von Mises stresses for back-up of base plates inside the girder 

The steel grade of the shell elements corresponds to S355. Design yielding stress limit fyk/m0 which 

correspond to 355/1.05=338MPa. 


