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1 Introduction 

This report describes the design of the following structural elements of the towers: 

• Tower Saddles 

• Splay Saddles 

The design is based on the design shown in the Tender Design. 

For some items it is found advantageous to introduce changes to the design and the following 

changes are introduced: 

• The main cable strand arrangement has been altered from a matrix arrangement to a vertical 

staggered arrangement to improve stability of the cable prior to compaction and to improve 

constructability. 

• The main cable wire diameter has been increased from 5.32 mm to 5.40 mm and the number 

of strands in main span is increased from 324 to 349. Both changes have been made to 

accommodate increases in deck weight. The number of additional strands in the side spans 

has increased from 8 and 6 in Sicilia and Calabria span respectively to 12 and 8. 

• Saddle trough plate grooves have been changed from circular profile slots to square to suit 

the PPWS strand erection procedure and strand arrangements within the troughs have been 

revised to accommodate the new main cable arrangement. 

• The main cable spacing has increased from 1750 to 2000 mm due to the revised strand 

arrangement at the saddles. 

• The geometry of the splay saddle trough has been carefully optimised to minimise horizontal 

deviation forces and reduce the tendency for strand deformation and wire movement during 

strand erection. Control measures have been added to further mitigate the problem. 

 

All the calculations are based on the Design Basis. The global IBDAS model version 3.3b was 

used for the applied load combinations. 

Selected main results of the calculations are enclosed in Appendices.
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2 Design References 

2.1 Design Specifications 

CG.10.00-P-RG-D-P-GE-00-00-00-00-00-02-B - “Design Basis, Structural, Annex 

GCG.F.05.03 Design Development – Requirements and Guidelines 

GCG.G.03.02 Structural Steel Works and Protective Coatings 

GCG.G.03.03 Suspension system 

2.2 Design Codes 

 “Norme tecniche per le costruzioni,” 2008 (NTC08). 

EN 1993-1-1 Design of Steel Structures – Part 1-1: General rules and rules for buildings 

EN 1993-1-5 Design of Steel Structures – Part 1-5: Plated structural elements 

EN 1993-1-8 Design of Steel Structures – Part 1-8: Design of joints 

EN 1993-1-9 Design of Steel Structures – Part 1-9: Fatigue 

EN 1993-1-10 Design of Steel Structures – Part 1-10: Selection of steel for fracture 

toughness and through thickness properties 

EN 1993-1-11 Design of steel structures - Part 1-11: Design of structures with tension 

components 

EN 1993-2 Design of Steel Structures – Part 2: Steel Bridges 

2.3 Drawings 

The saddle drawings relevant for this report are listed in Table 2-1. 
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Table 2-1 Cable system drawings relevant for this report 

Drawing Title Drawing Number 

Tower Saddle - General Arrangement CG1000-PAXDPSV-S7SL000000-01 

Tower Saddle - Sections and Details CG1000-PWXDPSV-S7SL000000-01 

Tower Saddle - Additional Anchorages CG1000-PWXDPSV-S7SL000000-02 

Tower Saddle - Trough Plates CG1000-PWXDPSV-S7SL000000-03 

Tower Saddle - Trough Plates Sections and Details CG1000-PWXDPSV-S7SL000000-04 

Splay Saddle - General Arrangement CG1000-PAXDPSV-S7SL000000-02 

Splay Saddle - Trough Plates - Sicilia CG1000-PWXDPSV-S7SL000000-05 

Splay Saddle - Trough Plates - Calabria CG1000-PWXDPSV-S7SL000000-06 

Splay Saddle - Trough Plates Sections and Details CG1000-PWXDPSV-S7SL000000-07 
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3 Nomenclature 

Additional PPWS anchorages - the weldments that anchor the additional PPWS, found only in the 

side spans, at the tower tops. 

 

Continuous tower section - the plates that are continuous throughout the length of the tower legs 

 

Cross Beams – the transverse beams connecting the tower legs. 

 

Diaphragms - horizontally disposed plates within the tower legs 

 

Main Cables - each of the two main cables is made up of two individual cables of prefabricated 

steel wire strands grouped and compacted into two single cables of circular cross section. 

 

PPWS - Preformed parallel wire strands that collectively make up the main cable. 

 

PPWS socket - the end termination of the PPWS strand 

 

Primary stiffeners - the large vertical plates that transfer the load applied by the tower saddle into 

the continuous tower section. 

 

Secondary Stiffeners - the vertical plates that transfer the load applied by the tower saddle into the 

primary stiffeners. 

 

Spacers -  thin metal plates inserted between adjacent strands in a single slot or groove. 

 

Splay Saddle - the manufactured assembly over which the cables pass that deviates the strands  

 

Splay Saddle Central Part - the weldment that supports the splay saddle trough plates at the top 

and is connected to the rocker bearing at the bottom 

 

Splay Saddle Rocker Bearing - the two-part bearing, the upper part being fixed tot he splay saddle 
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central part and the lower part being fixed to the sloping concrete floor of the anchorage. 

 

Tower Legs – the vertical elements of the bridge towers, extending from the tops of the concrete 

pedestals at elevation +18.00 to the undersides of the tower saddles at approximate elevation 

+396.50. 

 

Tower saddle – the manufactured assembly over which the main cables pass and which applies 

the cable load to the top of the tower leg. 

 

Tower saddle frame - the weldment comprising side plates and base plate that is located on top of 

the tower leg and which carries the additional PPWS anchorages. 

 

Tower top plate - the uppermost plate that caps the tower legs and which directly the supports the 

tower saddle frame. 

 

Tower top stiffeners - additional plates within the tower leg that are curtailed within or just below 

the tower leg transition zone. 

 

Tower top transition section - the tapered and recessed section of the tower leg that extends from 

the top of the uppermost cross beam to the tower top plate. 

 

Trough Plates - the curved steel castings, with machined grooves, that contain the PPWS strands 

as they are deviated over the saddle (these are found at both the tower saddle and the splay 

saddle). 
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4 Materials 

The mechanical properties of the tower construction materials are described in this section. 

4.1 Cast Steel 

The trough plates of both tower and splay saddles, the top plate of the splay saddle central part 

and the upper and lower components of the rocker bearing are fabricated from cast steel as 

specified below: 

 

Component Material Min Yield Stress 
(Rp0.2) 

Min Tensile Strength 
(Rm)

Trough Plates G24Mn6+QT2 (1.1118) to UNI EN 10340 
(t<100mm) 

500 MPa 650 MPa 

Splay saddle central 
part top plate 

G24Mn6+QT2 (1.1118) to UNI EN 10340 
(t<300mm) 

380 MPa 600 MPa 

Splay saddle central 
part rocker bearing 

G24Mn6+QT2 (1.1118) to UNI EN 10340 
(t<500mm) 

380 MPa 600 MPa 

Table 4-1: Design parameters for trough plates 

4.2 Structural Steel 

Structural steelwork components are fabricated from hot rolled structural steels, produced in 

accordance with EN 10025-4 except where observed below. The grades of steel used are 

assumed to have the mechanical properties listed below. It is assumed that that the mechanical 

properties will not vary with material thickness for thicknesses up to 100 mm.  

 

Grade Min Yield Strength 
(Reh) 

Min Tensile Strength 
(Rm) 

S 420 ML (t<100mm) 420 MPa 520 MPa 

S 420 ML (t<150mm) 365 MPa 460 MPa 

S 460 ML  (t<100mm) 460 MPa 540 MPa 
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S 460 ML  (t<200mm) 385 MPa 490 MPa 

Table 4-2: Structural steel mechanical properties for stated thicknesses 

All structural steel is also assumed to have the following properties, in accordance with NTC08 

Section 11.3.4.1: 

 

Mechanical Properties Value

Elastic modulus: E  (MPa) 210 000

Poisson’s ratio: ν 0.3

Shear modulus: G (MPa) E / [2 (1 + ν)]

Coefficient of thermal expansion: α    (°C-1) 12 x 10-6

Density: (ρ  kg/m3)  7850

Table 4-3: Characteristics of structural steel 

Structural steelwork is machined at bearing contact surfaces unless the load is transmitted through 

weld. 

4.3 Structural Bolts 

Structural bolts are grade 10.9 with class 10 nuts and washers in accordance with GCG.G.03.02 

and NTC 08, section 11.  

 

Bolt Grade Proof strength Tensile strength 

10.9 900 MPa 1000 MPa 

Table 4-4: Design parameters used for bolt design  

4.4 Welding 

Welding procedures and welder qualification shall be in accordance with GCG.G.03.02 and NTC 

08, section 11. Weld design shall be in accordance with NTC 08, section 4, as summarised in table 

Table 4-5. 
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Steel grade Yield Stress  Factors β/β1/β2 Partial Factor 

S460ML 460 MPa 1.00/0.62/0.75 γM2 = 1.25 

Table 4-5: Design parameters used for weld design 

 

The material partial factors (safety coefficients) used to verify the steel elements are in accordance 

with NTC08 Sections 4.2.4.1.1, 4.2.4.1.4, 4.2.8.1.1, 4.2.8.2 and are listed in below..  

 

Verification Partial Factor 

Resistance of class 1, 2, 3 and 4 sections and castings γM0 = 1.05 

Resistance to instability of members in road and rail bridges γM1 = 1.10 

Resistance to fracture of sections and plates under tension (weakened by holes), bolts in 
shear and tension, connected plies in bearing and welds 

γM2 = 1.25 

Fatigue resistance γM3 = 1.35 

Table 4-6: Partial material factors for steel elements used in the saddles 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 13 di 68 

 

5 Design Principles 

The design principles are described in the Cable System, Specialist Technical Design Report 

CG1000-PRXDPSV-S7SS000000-01. 

 

6 Tower Saddles, Design Verifications 

 

6.1 Design Forces 

Components subject to force applied by a single PPWS are designed to resist the ultimate tensile 

strength of the strand. A single PPWS strand consists of 127 No 5.40 mm dia. wires at grade 1860 

MPa giving a UTS of: 

UTS of a single PPWS: 5410 kN 

 

Components subject to forces applied by groups of strands without being the complete cable are 

designed to resist the maximum forces in the strands at SILS or ULS that are allowed by the 

design basis.  

Max force at SILS (UTS/1.4) 3864 kN 
Max force at ULS (UTS/1.67) 3239 kN 

 

The resolution of the maximum allowable forces into the tower yields the following vertical forces. 

Axial load in tower due to max SILS force in strand 2042 MN 
Axial load in tower due to max ULS force in strand 1712 MN 

 

Components subject to forces applied by the complete cable are designed to resist the maximum 

design forces applied by the cable at the relevant limit state and the maximum tendency for the 

saddle to be sheared off the tower. The verifications are made at SILS or ULS.  
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The saddle and trough plate is generally governed by the load combination that maximises axial 

load in the tower. Moments and shears at the level of the saddle are small by comparison and do 

not have a significant effect on the design. 

The only notable exception to this is consideration of slip of the trough plates, which is critical 

under a load combination that maximises resultant shear generated by a difference in cable 

tension between the two spans. 

These forces are selected from the IBDAS model 3.3b results files for the tower at the node 

immediately below the saddle and are summarised below.  

 
Ns 

[MN] 
My 

[MNm] 
Mz 

[MNm] 
Vy 

[MN] 
Vz 

[MN] 
Mt 

[MNm] 

Design ULS case for maximum axial load in Tower 

IBDAS load cases 6517 plus temperature 
envelope 4510 

-1753 -161 1.7 -66.3 -49.7 -6.1 

Design ULS case for maximum moment in Tower 

IBDAS load cases 6902 plus temperature 
envelope 4510 

-1450 448 0.9 -52.4 111.1 15.2 

Design SILS case for maximum axial load in Tower 

IBDAS load cases 6812 plus temperature 
envelope 4510 

-1528 -187 0.8 -58.3 -59.6 -6.99 

Design SILS case for maximum moment in Tower 

IBDAS load cases 6930 plus temperature 
envelope 4510 

-1336 54 39.5 -35.5 10.4 1.5 

Design ULS case for saddle slippage 

IBDAS load cases 7513 plus temperature 
envelope 4510 

931 412 1.4 33.7 120.7 14.8 

Design SILS case for saddle slippage 

IBDAS load cases 6932 plus temperature 
envelope 4510 

1137 454.9 1.3 41.6 130.0 16.2 

Table 6-1: IBDAS 3.3b results used for tower saddle design 

IBDAS load case 6517 is a load combination at ULS of the loading in the finished bridge 

(PP+PN+QA+VS_dyn+VT) with surfacing of 40mm. 
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Temperature envelope 4510 is a worst temperature loading envelope which is added to the 

governing limit state envelopes. 

IBDAS load cases 6812 is a load combination at SILS of the loading in the finished bridge 

(PP+PN+QR+VS_dyn+VT with surfacing of 40mm 

IBDAS load cases 7513 is a load combination at ULS of the loading in the finished bridge 

(PP+PN+VS_dyn+VT with surfacing of 15mm 

IBDAS load cases 6932 is a load envelope at SILS of the loading in the finished bridge (envelope 

w. seismic) with surfacing of 15 and 40mm. 

6.2 Trough Plates - Geometry 

The grooves in the trough plates are detailed to accommodate the PPWS arranged in a 

rectangular section. Grooves wide enough for a single strand are 66mm wide. Grooves wide 

enough for a two strands incorporate a spacer and are 138mm wide. 

In side elevation, the radius of the saddle has a single point of origin over the principle loaded 

length which is defined at the reference condition of the bridge with full dead load only. Radii of 

curvature, therefore, depend on the distance from that origin. Sections at the mouth of the saddle 

to the main span and side span sides are curved differently to allow vertical rotation of the cable 

downwards without permitting the tangent point of the cable to reach the edge of the saddle. The 

gap above the strands also permits upward rotation of the cable in order for the free cable profile to 

be accommodated without restricting the positioning of the trough plates above. 

The grooves are straight on plan except in the regions close to the mouth of the trough plates at 

main span and side span sides where the spacers are tapered at suitable radii to permit the 

strands to deviate towards the cable clamp. Some widening therefore occurs in the grooves. The 

transverse arc of the side of the groove extends to the end of the trough plates in order to permit 

additional lateral rotation of the cable during service. The gap between the strand and the spacer 

to the other side will permit rotation in the opposite direction. 

The maximum SLS inclinations at the tower tops that the main cable adopts are taken from the 

IBDAS model 3.3b results. The maximum net changes in cable angle that the saddle must 

accommodate are shown below. 
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CABLE INCLINATIONS AT SLS (Degrees) REF CONDITION MAX. ANGLE NET CHANGE IN ANGLE
Sicily Side Span (angle to horizontal) 23.71 25.25 2.06 
Sicily Tower (angle to vertical) 0.00 -0.52  
Main Span Side (angle to horizontal) -20.79 -23.39 -2.08 
Main Span Side (angle to horizontal) 20.79 23.30 2.01 
Calabria Tower (angle to vertical) 0.00 0.50  
Calabria Side Span (angle to horizontal) -22.63 -23.90 -1.77 
  (COMB 6700)  

The saddle shall accommodate the free cable without impeding installation of the trough plates. At 

free cable condition the geometry at the towers is as follows: 

CABLE INCLINATIONS AT SLS (Degrees) REF CONDITION FREE CABLE NET CHANGE IN ANGLE
Sicily Side Span (angle to horizontal) 23.71 25.00 0.32 (lowers) 
Sicily Tower (angle to vertical) 0.00 0.97  
Main Span Side (angle to horizontal) -20.79 -19.80 0.02 (lifts) 
Main Span Side (angle to horizontal) 20.79 19.80 -0.18 (lifts) 
Calabria Tower (angle to vertical) 0.00 -0.81  
Calabria Side Span (angle to horizontal) -22.63 -23.60 -0.16 (lowers) 
    

The combined effect of the change in the cable angle and rotation of the tower saddle produces a 

net change in angle between the cable and the saddle. The greatest lift of the cable occurs at the 

main span side of the Calabria Tower. The worst case is the lowest trough plate since it is here 

that the strand tangent point is furthest from the edge of the trough plate. At the edge of the trough 

plates the resulting lift of the strands is 5mm which is accommodated by the available gap of 

30mm. 

 

The maximum SLS horizontal rotations that the cables adopt at the towers are taken from the 

IBDAS model 3.3b results. 

CABLE INCLINATIONS AT SLS (Degrees) 
HORIZONTAL 
DEVIATION 

Sicily Side Span (angle to axis of bridge) 0.01 
Main Span Side (angle to axis of bridge) 0.58 
Main Span Side (angle to axis of bridge) 0.58 
Calabria Side Span (angle to axis of bridge) 0.02 

The cable may rotate in the saddle at the end region where the curvature of the spacer is provided. 
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6.3 Trough Plates 

The spacers must resist the spreading force of the strand at free-cable profile. The free cable force 

in a strand was calculated in order to determine whether the strands in a groove could apply a 

significant spreading force to the spacers prior to the neighbouring grooves being occupied and 

providing support. 

Stress in spacer 28 N/mm^2 

Material yield 500 N/mm^2 

 

By inspection, it can be seen that this is not a critical case. 

At the limit states, the strands apply radial forces which accumulate towards the bottom trough 

plate. The lowest trough plate (A), however, is supported over its full soffit and therefore the 

bending of the base of the groove does not occur. The second trough plate (B) carries the forces 

from the trough plates above which combine with the bending of the base. 

The total forces applied to the tower are the maximum allowable SILS and ULS tensions in the 

PPWS resolved vertically. 

   SILS  ULS  
Vertical force into tower   2042  1712 MN 

 
The critical locations in trough plates A and B are verified below. 

Underside of trough plate B   SILS  ULS 
Equivalent direct stress   440  369 N/mm^2 
Material yield 500 N/mm^2     
Gamma M   1.00  1.05  
UTILISATION   0.88  0.77  

 

Underside of trough plate A   SILS  ULS  
Accumulate bearing stress of  10 trough plates    
Equivalent direct stress   488  409 N/mm^2 
Material yield 500 N/mm^2     
Gamma M   1.00  1.05  
UTILISATION   0.98  0.86  
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Figure 6-1 Cross section of tower trough plates showing critical locations at underside of A and 

through base of B 

The complete cable applies the following maximum pressure to the tower. 

   SILS  ULS  
Contact pressure   24  28 MN/m^2

 

Under the applied SILS and ULS loading, the individual bearing and bending stresses in trough 
plate B are as follows. 

   SILS  ULS  
Bearing pressure   137  156 N/mm^2 
Stress due flexure of base   23  19 N/mm^2 
Shear stress   12  10 N/mm^2 

 

To this effect is added that caused by the main cable transmitting tension to the trough plates as its 

own tension increases. This is of course limited by friction, but since the more onerous effect is 

experienced with a higher coefficient of friction the gamma value of 1/1.65 has been used at ULS. 

   SILS  ULS  
Coefficient of friction 0.3     
Coeff * gamma M   0.3  0.495 
Max stress in trough plate due to 
cable tension   12  23 N/mm^2 
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At the mouth of the saddle, the trough plates accommodate the splay of the PPWS as they are 

gathered into the first cable clamp. The worst case is the outer column of grooves. The effect of the 

horizontal shear transmitted by the trough plates into the tower is added to this. Friction between 

the PPWS and the trough plate, reduced accordingly by gamma value, may be taken to aid in 

resisting this transverse force, but, the support of the spacer by friction with the trough plate above 

cannot be counted on in such a localised area. The spacers are also thinner at this point. 

   SILS  ULS  
Flexural stress in spacer     234  219 N/mm^2 
Shear stress     15  14 N/mm^2 

 
The combined effects of these stresses follow. 

   SILS  ULS  
Equivalent direct stress   373  378 N/mm^2 
Material yield 500 N/mm^2     
Gamma M   1.00  1.05  
UTILISATION   0.75  0.79  

 

The saddle trough plates resist the SILS and ULS loading as detailed. 

The overall stability of the trough plates on top of each other and the tower is maintained by 

friction. The dowels are for locating purposes only. The load case with a maximum value of 

resultant horizontal shear/axial load was selected from the IBDAS results (see section 6.1 above). 

 
  SILS  ULS  
Min vertical compression Ns IBDAS  1137  931 MN 
Resultant shear  137  125 MN 
Trough plate friction coefficient 0.30      
Coeff / gamma M   0.30  0.18  
Frictional resistance   341  169 MN 
UTILISATION   0.40  0.74  

 
The trough plates are stable against sliding at SILS and ULS. 

 

In the event that the manufacturer finds advantageous the manufacture of all trough plates to a 

single radius with deformation occurring once installed the additional stresses caused by deforming 
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the trough plates must be added to the service effects above. These stresses are factored with 

gamma M = 1.00. 

 

Stress in deformed trough 
plate 

99 N/mm^2 (either tension or compression at the tip of 
spacer) 

 42 N/mm^2 (either tension or compression at the underside of 
trough plate) 

 

   SILS  ULS  
Equivalent direct stress tip of spacer   389  396 N/mm^2 
Equivalent direct stress underside of trough plate 377  383 N/mm^2 
Material yield 500 N/mm^2     
Gamma M   1.00  1.05  
UTILISATION   0.75  0.80  

6.4 Additional Anchorages and Saddle Frame 

The bearing plates which support individual PPWS and the local distribution of this force into the 

longitudinal stiffeners are designed to resist the UTS of the strand. 

Contact pressure 361 N/mm^2    
Yield stress of steel (S460) 460 N/mm^2    
   SILS  ULS 
gamma M   1.00  1.05 
UTILISATION   0.78  0.82 
      

The stiffened base plate and stiffeners are designed to resist the maximum allowable SILS or ULS 

tension in the strands applied eccentrically. The deflection of the plate and corresponding increase 

in eccentricity is taken into account.  

  SILS  ULS  

Deflection in plate   24  19 mm 

 

Stresses are checked at the stiffener tips and the combined stress from biaxial bending and shear 

in the base plate. At SILS, the material yield stress may be reached and plastic deformation 

permitted, whereas at ULS, the section remains elastic. 
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   SILS  ULS
Stress at bottom tip of transverse stiffs   276  415 N/mm^2 
Stress at tip of long. stiffs   255  427 N/mm^2 

Equivalent direct stress in base plate   376  296 N/mm^2 
Material factor   1.00  1.05
MAXIMUM UTILISATION   0.82  0.97

 

The front edge of the base plate is unstiffened transversely but is supported on the trough plates 

below at quarter points. 

   SILS  ULS  
Equivalent direct stress   386  293 N/mm^2 
Material factor   1.00  1.05  
UTILISATION   0.84  0.67  

 

Close to the supported edge the base plate is unstiffened. 

   SILS  ULS  
Bending stress   355  293 N/mm^2 
Vertical Shear stress   38  31 N/mm^2 
Longitudinal shear stress   124  104 N/mm^2 
Equivalent direct stress   420  347 N/mm^2 
Material factor   1.00  1.05  
UTILISATION   0.91  0.79  

 

At the support the additional force from the handstrands is added to the base plate. These forces 

are applied unfactored. 

Total force 4400 kN 
Moment 4840 kN.m 

 

The bolts experience shear and tension. The connections are symmetrical about the saddle side 

plate so no additional eccentricity is applied. 
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   SILS  ULS  
Choose number of bolts at each edge 50      
Longitudinal shear applied per bolt   971  821 kN 
Tension applied per bolt   335  285 kN 
Combine Ft and Fv (NTC08, eq 4.3.65)   0.856  0.906  

 

The saddle frame side plate transfers the forces applied by the bolted connection. The highest 

stress occurs at the base plate connection. 

   SILS  ULS  
Compressive stress due bending   9  8 N/mm^2 
Tensile stress due bending   27  23 N/mm^2 
Shear stress   72  61 N/mm^2 
Interaction   128  108 N/mm^2 
gamma M1   1.00  1.10  
UTILISATION   0.28  0.26  

 

The base plate resists the forces applied to it because it is held in down by the trough plates. Local 

bending and shear stresses occur in the base plate. 

   SILS  ULS  
Equivalent direct stress   306  258 N/mm^2 
gamma M0   1.00  1.05  
UTILISATION   0.67  0.59  

 

6.5 Top Plate Bearing Pressures 

The thick top plate is supported by a rectangular grillage at varying centres. The thickness of the 

plate is significant compare to the span, therefore much of the load applied to it is transferred by 

stiff bearing into the grillage plates. However, some variation in pressure will occur along the 

supported edges. A Lusas model was produced for part of the top plate and a unit load applied in 

order to assess the transmission of pressure into the grillage and particularly the distribution along 

the edges for varying panel dimensions. Relationships between the average pressure and the peak 

and corner pressures were identified and largest values chosen as a c onservative estimate of the 

pressure distribution along the edges. 
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Figure 6-2: LUSAS FE model showing reactions at a selection of the supports of tower top plate. 

Adjustment factor for peak pressure    Average x 1.30 

Adjustment factor for pressure at panel corner  Average x 0.30 

 

6.6 Transition Section 

The design of the grillage plates for the transition section is governed by the highest applied 

pressure. The resistance is achieved by strength of the materials. 

Forces applied to tower Ns[MN] My[MNm] Mz[MNm] Vy[MN] Vz[MN] Mt[MNm] 
Design case SILS -1528.41 -186.505 0.775 -58.272 -59.57 -6.939 
Design case ULS -1753.016 -161.253 1.727 -66.294 -49.691 -6.143 

 

Since the ULS pressure is significantly greater than the SILS pressure and the material factors are 

1.05 and 1.00 respectively, the SILS is non-critical and will no longer be considered. 

 

The following discussion refers to the ULS case only. 

 

The bending stresses, and accompanying shears, experienced by the top plate are due to biaxial 

bending. 
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Bending stress long way span 250 N/mm2 
Bending stress short way span 215 N/mm2 
Shear stress at short edge 31 N/mm2 
Shear stress at long edge 43 N/mm2 
equiv direct stresses 241 N/mm2 
gamma m0 1.05  
UTILISATION 0.73 For direct stress 
UTILISATION 0.22 For shear stress 

 

Bearing pressures onto the grillage vary. The peak values are shown below. The bearing capacity 

of the grillage below the top plate, being of thinner plates, will be less critical and is not considered. 

Peak bearing pressure on short edges 271 N/mm2 
Peak bearing pressure on long edges 373 N/mm2 
Limiting stress of bearing contact = 1.5 x fy/gamma M0 (EN 1993-1-8, table 3.10) 
Limiting stress of bearing contact 690 N/mm^2 
UTILISATION 0.54  

 

The shortest secondary stiffeners develop bending and shear under the applied load. The 

combined stresses are checked at the edges, the centre of the span and the quarter points. The 

top edge of the plate is critical at the quarter point. 

Shear stress at edge 230 N/mm^2 
Bending in plt M 230 N/mm^2 
Bending and bearing, no shear 326 N/mm^2 
Adjustment to average for bearing stress at panel corners from Lusas model 
Min bearing/average 0.30  
Shear and 30% ave. bearing, no bending 407 N/mm^2 
gamma M0 1.05  
UTILISATION 0.93 For direct stress 
UTILISATION 0.91 For shear stress 

 

The remaining secondary stiffeners support those discussed above. This plate is checked for shear 

buckling and found to yield before buckling. The same analysis as above is repeated. 
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Shear stress at edge 134 N/mm^2 
Shear stress at quarter point 67 N/mm^2 
Max Bending stress in plt M 107 N/mm^2 
Bending stress at quarter point 89 N/mm^2 
Shear,BM, bearing at top 1/4 266 N/mm^2 
Shear and BM bottom of plt 255 N/mm^2 
gamma M0 1.05  
UTILISATION 0.24 For direct stress 
UTILISATION 0.53 For shear stress 

 

The primary stiffeners run longitudinally and transversely. Longitudinal stiffeners within the outer 

tapering sections support a series of secondary stiffeners as well as direct bearing from the top 

plate. The maximum equivalent direct stress is found at the top edge mid-way between the vertical 

supporting edge and the first secondary stiffener. 

Maximum equivalent direct stress 281 N/mm^2 
gamma M0 1.05  
UTILISATION 0.64 For direct stress 
UTILISATION 0.56 For shear stress 

 

The primary stiffeners in the central part of the tower leg run longitudinally and transversely. 

The longitudinal stiffeners, three in number carry a greater proportion of the load than do the two 

transverse stiffeners, although, the stiffnesses are so arranged to distribute the forces fairly evenly 

between all stiffeners. 

Stresses in the longitudinal stiffeners 

Shear stress at edge 145 N/mm^2 
Shear stress at 1/4 point 73 N/mm^2 
Max bending stress 116 N/mm^2 
Bending stress at 1/4 point 87 N/mm^2 
Interaction at top of plt   
Bearing, bending centre 163 N/mm^2 
Shear,bearing, bending 1/4 205 N/mm^2 
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Interaction at bottom of plt   
Bending centre 116 N/mm^2 
Shear, bending 1/4 153 N/mm^2 
gamma M0 1.05  
UTILISATION 0.47 For direct stress 
UTILISATION 0.57 For shear stress 

 

Stresses in the transverse stiffeners 

Shear stress at edge 147 N/mm^2 
Shear stress at 1/4 point 74 N/mm^2 
Max bending stress 104 N/mm^2 
Bending stress at 1/4 point 78 N/mm^2 
Slope of sides 19.98 degrees 
Add'l compr force due slope 32 MN 
Add'l compr stress due slope 54 N/mm^2 
Interaction at top of plt   
Bearing, bending centre 148 N/mm^2 
Shear,bearing, bending 1/4 185 N/mm^2 
Interaction at bottom of plt   
Bending centre 51 N/mm^2 
Shear, bending 1/4 130 N/mm^2 
gamma M0 1  
UTILISATION 0.42 For direct stress 
UTILISATION 0.58 For shear stress 

The plate sizes designed for each type of stiffener are as follows. 

  t D 
Butt welds 
to edges 

Plates designed  (mm) (mm) (mm) 

Secondary additional stiffeners  60 1000 60 

Secondary transverse stiffeners  60 2500 38 

Central Stiffener - Side section (width varies from 4 to 6m) 60 10000 40 

Longitudinal central stiffener  60 10000 41 

Longitudinal outer stiffener  60 10000 41 

Transverse stiffeners (inner) 60 10000 42 

Transverse stiffeners (outer) 60 10000 42 
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7 Splay Saddles, Design Verifications 

7.1 Design Forces 

Components subject to forces applied by groups of strands without being the complete cable are 

designed to resist the maximum forces in the strands at SILS or ULS that are allowed by the 

design basis.  

Max force in strand at SILS (UTS/1.4) 3864 kN 
Max force at ULS (UTS/1.67) 3239 kN 

 

Max allowable cable tension (single cable) MN No PPWS  SILS  ULS
Sicily side span cable 361  1395  1169
Calabria side span cable 357  1380  1157
      

The resolution of the maximum allowable forces into the strands at reference geometry yields the 

following reactions at the rocker bearing. 

Max allowable resultant force into splay saddle (double cable) MN     
 Angle of incidence (deg)  SILS  ULS 
Sicily side span cable 7.98  387  325 
Calabria side span cable 8.05  386  324 

 

Components subject to forces applied by the complete cable are designed to resist the maximum 

design forces applied by the cable at the relevant limit state and the maximum tendency for the 

saddle to be sheared off the tower. The verifications are made at SILS or ULS.  

The saddle and trough plate is governed by the maximum cable tension load combination that 

maximises the reaction at the rocker.  

The possible 'unzipping' of the twin splaying cables due to slip of the trough plates is assessed by 

applying a reduction factor, γM, to the cable to trough plate friction. 

These cable forces are selected from the IBDAS model 3.3b results files for the cable at the 

saddle. 
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 Ns[MN] 
Max ULS cable tension (IBDAS load cases 6517 plus temperature envelope 4510) 1108 
Max SILS cable tension (IBDAS load cases 6812 plus temperature envelope 4510) 978 

 

IBDAS load case 6517 is a load combination at ULS of the loading in the finished bridge, 

PP+PN+QA+VS+VT with surfacing of 40mm. 

Temperature envelope 4510 is a worst temperature loading envelope for uniform temperature. 

IBDAS load cases 6812 is a load combination at SILS of the loading in the finished bridge 

PP+PN+QR+VS+VT with surfacing of 40mm 

7.2 Trough Plates - Geometry 

The cable run strands are parallel in the compacted cable. At the final cable band they splay apart 

and diverge towards the trough plates. The strands are grouped for entry into the trough plate 

grooves, the separation being controlled by the spacer thickness and the groove width. The greater 

splay of the cable within the splay saddle makes the forces on the spacers higher, and therefore 

they tend to be thicker than those at the tower saddles. As a result, the distance between the main 

cables increases from 2000mm to 2310mm at the entrance to the trough plates, and continues to 

increase as they diverge within the trough plates. 

 

Figure 7-1 Partial section through splay saddle trough plate F 
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The spacers thicken as the horizontal splay of the strand groups increases the distance between 

them. 

Each trough plate guides the strands through a different vertical arc in order to splay the strands 

vertically. The vertical curve of the trough plates is set out at a single origin in order to direct the 

forces through the rocker and each layer of strands leaves the respective arc tangentially after 

having passed through different angles of deviation. Between the entry and exit tangent points of 

the vertical arcs, the strands apply a radial pressure to the trough plates. Local flexure and shear of 

the base of the trough plate spread the forces to the spacers and thence to the trough plates 

below, accumulating towards the rocker. The radii of the vertical arcs are determined by the 

position of the rocker, the main cable axis in the side span, the theoretical main cable axis of the 

deviated cable and the trough plate thickness. There is no flexibility in adjustment of these tangent 

points since all parameters but the trough plate thickness are fixed. 

The horizontal splay of each groove column is defined as the same for each trough plate. Guiding 

the strands through the same radius of arc ensures that the spacers are aligned to carry the radial 

pressures directly. Since the incoming cable angle is defined by the spacer thickness and the 

deviation angles defined by the anchor wall setting out points any appropriate radius of curvature 

may be chosen, provided that it is imposed on all strands in a particular column and that the 

spacers do not reduce in thickness. In order to distribute the horizontal splay forces over the 

greatest length of trough plate, the horizontal curvature is commenced as close as practically 

possible upon entering the trough plates and continues until as close as practically possible to the 

exit point. 

Transverse splaying of the strands may cause lateral bunching of wires. The vertical curvature 

holds the wires in the closed-packed arrangement. If the horizontal component of force is sufficient 

to overcome the vertical correcting force, wires may move laterally, jumping over others and 

crossing. The close-packed formation is hexagonal, so, neglecting friction, when the horizontal 

force is greater than tan(30°) times the vertical force wire bunching may occur. 

In order to distribute horizontal forces over a longer length of trough plate, the horizontal arc 

extends beyond the region with vertical curvature. In these areas, shown shaded on Figure 7-2 the 

wires have no correcting force and control measures must be taken. These will be designed by the 

contractor as part of the erection equipment, however, the system shown illustratively on the 

drawings comprises rectangular steel bars screwed to the trough plates over the strands, which 
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hold the wires in place. Because the wire crossing requires increased space the wires the stiffness 

of the wires themselves will enable intermittent control blocks. They will be used in conjunction with 

similar controlling efforts immediately before and after the trough plates. 

 

Figure 7-2 Section through splay saddle trough plates showing regions where horizontal splay 

occurs without vertical splay. 

The horizontal radii do not have a common centre as in the case of the vertical arcs but equilibrium 

is maintained because the out-of-balance forces are reacted by equal and opposite forces from the 
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other cable. The flexure of the spacers and the balancing tension in the trough plate bases, 

increasing towards the centre, adding transverse tensile stresses to the trough plate bases. 

7.3 Trough Plates 

The following stresses occur in the trough plates and the internal corners of the spacers: 

 
STRESS DIRECTION 
Accumulated radial stress at spacer; Radial compression 
Flexure of the spacers due the horizontal spreading force 
of strand wires, and accompanying shear 

Radial tension or compression 
Transverse shear 

Flexure of trough plate base due to radial pressure of 
PPWS and accompanying shear 

Transverse tension of compression 
Radial shear 

Horizontal force on spacer due to the horizontal splay 
and accompanying shear 

Radial tension or compression 
Transverse shear 

Accumulated horizontal tension in the trough plate base Transverse tension 
Moment from spacer distributed into base Transverse tension 

 

The maxima of these stresses are tabulated below. They are not necessarily coincident in the 

same location.  

 
MAXIMUM STRESSES (N/mm^2) SILS ULS 

Accumulated radial stress at spacer; 286 240 

Flexure of the spacers due the horizontal spreading force of strand wires 147 123 

and accompanying shear 37 31 

Flexure of trough plate base due to radial pressure of PPWS 50 42 

and accompanying shear 21 18 

Horizontal force on spacer due to the horizontal splay  56 47 

and accompanying shear 18 15 

Accumulated horizontal tension in the trough plate base 136 114 

Moment from spacer distributed into base 143 120 

Yield stress of cast steel 500 500 

 

The equivalent direct stress is calculated for coincident stresses at the corners of all grooves.
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Equivalent Direct Stress at critical location 477 400 

Gamma M0 1.00 1.05 

MAXIMUM UTILISATION 0.95 0.84 

 

Unzipping of the cable may occur if there is insufficient friction between the strands and the trough 

plates. This is verified below: 

 
 SILS ULS  

Max allowable tension (single cable) 1395 1169 MN 

Resultant splay force (single cable) 126 105 MN 

Longitudinal component (unzip) 5.7 4.7 MN 

Long'l unzip force (double cable) 11.3 9.5 MN 

Transverse component (single cable) 126 105 MN 

Reaction on base of grooves (double cable) 387 325 MN 

Coeff. of friction - wires and grooves 0.20 0.20  

Gamma M friction at SILS 1.00 1.65  

Resistance to unzip force 128 65 MN 

UTILISATION 0.09 0.15  

 

During construction of the main cable, the strands will be placed one-at-a-time and the transverse 

forces on the trough pates must, by definition, be out of balance. This is of concern where there is 

no radial force to hold the trough plates in position. Here no friction is developed with the trough 

plate below and it may be free to move. Dowels are provided for positioning the trough plates only. 

Shear keys are provided for resisting the maximum transverse forces but since it is impractical to 

use shears keys with an interference fit, the trough plates must be held onto them by holding down 

bolts. The solution shown on the drawings defines 6No M30 grade 10.9 bolts per trough plate and 

shear keys of 70 wide with side slopes at 1:2. It is verified below for the worst out-of-balance force 

due to a single four-strand groove. 

 
Shear keys   
Max transverse force per four strand group 2336 kN 
Resistance of shear key 13605 kN 
gamma M SLS 1.25  
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UTILISATION 0.17  
Holding down bolts   
Tensile capacity M30 283 kN 
Number of bolts provided per trough plate 6  
Side face of shear key at 26.5 degrees 
Tension generated in bolts w/out friction 1165 kN 
UTILISATION 0.69  

 

Clearly, this detail can be adjusted to suit the contractor's preferred erection scheme if, for 

instance, more out-of-balance forces are imposed on the trough plates during cable construction. 

7.4 Central Part and Rocker Bearing 

The central part is manufactured from cast steel and structural steel. 

Cast steel, grade G24Mn6+QT2 (1.1118) to UNI EN 10340 
Material yield 370 N/mm^2 
UTS 620 N/mm^2 
Hot-rolled steel, S420ML to EN 10025-4 UP TO 100MM  
Material yield 420 N/mm^2 
Hot-rolled steel, S420ML to EN 10025-4 OVER 100MM  
Material yield 360 N/mm^2 

 

The radial force from the trough plates bears onto the top plate. The pressure is distributed through 

the stiffened fabrication and through the rocker bearing. 

Stresses at critical cross-sections are verified. 

   SILS  ULS  
Force in one saddle is for two cables   387  325 MN 
Stress at critical sections       
Top of top casting   58  49 N/mm2 
Underside of top casting   169  141 N/mm2 
Underside of curtailed stiffs   249  209 N/mm2 
Top of bearing casting   214  180 N/mm2 
gamma M0   1.00  1.05  
MAXIMUM UTILISATION   0.69  0.61  
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The rocker bearing is designed in accordance with EN 1337-6 -2004, 6.5.1. 

Rocker bearing   SILS  ULS  
Applied loading   387  325 MN 
Gamma M   1.00  1.10  
Design resistance (N'Rd)   1048  866 MN 
Gamma M2   1.00  1.25  
UTILISATION   0.37  0.47  

 

The pressure applied to the concrete is verified in accordance with EN 1992-1-1,cl. 10.9.5.2(2) 

assuming the concrete class to be 45.  

   SILS ULS  
Bearing pressure on concrete   27  23 N/mm2 
Estimate local pressure limit factor on fcd   1.00  0.85  
Limiting pressure   45  38.25 N/mm2 
UTILISATION   0.61  0.60  
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Appendix 1 - Tower Saddle - Design Calculations 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 36 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 37 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 38 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 39 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 40 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 41 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 42 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 43 di 68 

 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 44 di 68 Eurolink S.C.p.A. 

 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 45 di 68 

 
 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 46 di 68 Eurolink S.C.p.A. 

 
 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 47 di 68 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 48 di 68 Eurolink S.C.p.A. 

 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 49 di 68 

 

 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 50 di 68 Eurolink S.C.p.A. 

 

 

Appendix 2 - Splay Saddle - Design Calculations 

…. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 51 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 52 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 53 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 54 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 55 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 56 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 57 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 58 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 59 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 60 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 61 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 62 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 63 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 64 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 65 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 66 di 68 Eurolink S.C.p.A. 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Eurolink S.C.p.A. Pagina 67 di 68 



 

Ponte sullo Stretto di Messina 

PROGETTO DEFINITIVO 

Design Report - Cable Saddles Codice documento 

PS0045_F0 

Rev 

F0 

Data 

20/06/2011 

 

Pagina 68 di 68 Eurolink S.C.p.A. 

 

 

 

 


