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MULTI-BOX STEEL DECKS AND SUSPENSION SYSTEM
FOR VERY LONG SPAN BRIDGES International competition of ideas announced by the Italian national
roads agency (ANAS) for the construction of a permanent road and rail

THE STRAIT OF MESSINA CROSSING link between Sicily and the Mainland

PIERO D'ASDIA Incorporation of the company Stretto di Messina S.p.A
Universita “G. D'Annunzio” di Chieti-Pescara
Dip.to PRICOS Pescara, Italia
and CRIACIV

Stretto di Messina S.p.A. presented the feasibility study to the Grantors
concerning different potential types of crossing: underground tunnel,
submerged tunnel, bridge
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UNDERGROUND TUNNEL CROSSING (1986) SUBMERGED TUNNEL Punta Pezzo - Ganzirri (1986)
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SUBMERGED TUNNEL Falcata - Concessa (1986) BRIDGE (1986)

Single span suspension bridge project

Two spans suspension bridge project
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Handover of the preliminary type projects to the Granting Authorities,
SINGLE SPAN BRIDGE (1986) which authorized the company to define the preliminary design of a
single span suspension bridge

SINGLE SPAN BRIDGE (1990

Deck project Towers project
Deck project Towers project
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TWO SPAN BRIDGE (1990) Stretto di Messina S.p.A. handed over the first definitive project

SINGLE SPAN BRIDGE (1992)

Deck project Towers project
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GENERAL DATA TOWERS

Length of the central span:

Length of each side span:
Rise/span ratio of the cables:
Road sections for each directions :
Railway sections:

Service sections :

Navigation channel :

Maximum theorical traffic capacity:

Total length of the suspended deck:

Total width:

Structural weight:

Total permanent weigh
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3.300 m

183 m

1/11

2 fast, 1 normal, 1 emergency
2 tracks + 2 service lanes

2 independent lanes for service vehicles and
pedestrians

65 m in the central large zone 600 m;
50 m. in remaining zones

4.000 vehicles/hour - 200 trains/day
DECK

3.666 m

60 m

17,5t (per meter)

23t (per meter)

Total height :

Total weight of steelwork:

Foundations Sicily side:

Foundations Calabria side:

Foundations volume Sicily side:

Foundations volume Calabria side:

382 m.
[ 56.000 t (per tower)
[ 2 round plinths diameter 55 m
[ 2 round plinths diameter 48 m
[ 86.400 mc
[ 72.400 mc

SUSPENSION CABLES

Total length between anchorages:

Number:
Diameter:

Composition:

Total weight

Anchor block® volume Sicily side:

Anchor block® volume Calabria side:
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5.300 m.
[ 2 pairs
[ 1.24m
[ 44,352 wires diameter 5.38 mm
| 166,600t
| 328.000 mc
[ 237.000 mc
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DESIGN SPECIFICATIONS

Structural verification criteria: Semiprobabilistic — Limits States on 3 levels WIND TUNNEL TESTS ON DECK MODEL
- Level 1 “normal": resistence verification are 1992)
carried out in elastic field with adequate safety 50 years return period

coefficients

- Level 2 “exceptional": only damage to

secondary elements of the work are allowed, with 400 years return period

limited stop of the use

- Level 3 “extreme": damage to all elements of the
work are allowed only if reparable, also with 2000 years return period
important interventions

Maximum train load: 2 trains: lenght = 600 m, weight = 4.930t (8,2 t/m)
Maximum load on the road lanes: Vehicles for a totale weight of 18.000 t
Maximum longitudinal slope level 1: 2%

Maximum transversal slope level 1: 6 % (frequents events); 10 % (rare events)

Level 3 earthquake: Maximun ground acceleration = 0,58 g

60 m/s for stress verification

EeelBWindiE=ckilevel): More than 70 m/s for aeroelastic stability
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MECHANICAL FATIGUE TESTS ON DECK MODEL
(1992)
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It has been selected the General Contractor (INPREGILO et al.) who

shall carry out the definitive and executive project for the :]

construction of the bridge over the Strait of Messina, including its
roadway and railway links. The Project Management Consultant, the

Environmental Monitor and the Insurance Broker will be selected The elimination of grillages, without changing the total width of the deck,

does not significantly reduce the weight and then the costs of the bridge

while the aeroelastic behaviour presents a slight worsening
GENERAL CONTRACTOR TENDER

Elimination of the grillages between In other cases (for exemple where grillages can be closed by snow) the gap

Iong|tudurl1al bpxes el road lane between longitudinal boxes must be left open and it is important to

for each direction + 2 railway : . " P ; .

service lanes determinate the minimun gap that allows to reach a sufficiently high flutter
velocity without increasing the weight and the costs of the bridge over the
optimal
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The aim of the research is to

consider if, from an economical The research activities already developed are:
point of view, it can be
convenient to accept multi-box
decks with lower aerodynamic
characteristics, while can be
introduced various structural
solutions (crossed hangers,
mono-dual cable, stabilizing
cables, etc...) to increse torsional
stiffness and modes separation
and, therefore, to obtain adequate

1. Design of the deck according to the reduction of the empty spaces
among the longitudinal boxes, with load conditions similar to
NECITIERSERIDGE suspension bridges recently designed
Wind Tunnel tests (CRIACIV - PRATO) on sectional models of the new
decks described in 1., to obtain aerodynamic and aeroelastic
characteristics, with or without non-structural elements on the border
of the deck (wind shields, grillages, flaps and guardrails)

performances for aeroelastic . 3D non-linear numerical models of the new bridges to evaluate flutter
stability (“flutter”), vortex- speed

; M MESSINA BRIDGE 2005
induced oscillations, etc...
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Starting from the design 1992 of
Messina Bridge, four new solutions
have been studied, with six lanes
instead of ten.

Unchanged, with respect to Messina:
bridge’s span (3300 m), tower’s heigth,
suspension cable’s sag, anchorage
system to the shores and boxes shape.
Varied deck characteristics: the

MESSINA ‘92

elimination of the inner grillages
between longitudinal boxes, systematic
reduction of the empty space from 8 m
to 6, 4, 2 m and consequent variation of
transversal beam’s dimensions from 52
m (without grillages) to 48, 44, 40 m

MODIFIED DECKS
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Loads acting on transversal beams are lower than those in Messina '92
Bridge, due to the elimination of two road lanes. Such changes correspond to
a light decrease of maximum load due to the vehicular traffic, while maximum
load due to railway traffic is unchanged

Four new kind of transversal beams have been designed, changing shape and

thickness of the plates

Messina
92

WEIGHT OF A
TRANSVERSAL 146 t
BEAM
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NUMERICAL MODELS OF THE DECK

To optimize the parametric analysis , the detailed numerirical model, constituted by
shell elements, has been replaced by a model with beam elements, dimensioned to
reproduce the main dynamic characteristics (modal shape and period) of the detailed
model.

SHELL ELEMENTS EQUIVALENT BEAM ELEMENTS
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Analysis of the numerical models of the
new bridges performed through TENSO 8,
FEM code software for static and dynamic
analysis of 3D non-linear struttures made
up by cable and beam elements, including
many kind of wind-structure interaction and
developed by the group of research

Messina ‘92

DECKS [t/m] 18.8

CABLES [t/m] 29.9

TOWER LEG [t/m] 58.3

STEEL % --
REDUCTION
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wind Tunnetests |

To evaluate the influence of the
choice to remove the grillages
and to reduce the space
between boxes, two sets of
tests have been made in the
CRIACIV Wind Tunnel in Prato
(Italy), one for every deck, with
or without non-structural
elements on the border of the

deck
C.RIA.C.LV. WIN
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AERODYNAMIC COEFFICIENTS: C, (LIFT) AND C,, (MOMENT)

STATIC COEFFICIENTS OF DECKS WITHOUT STATIC COEFFICIENTS OF DECKS WITH
NON-STRUCTURAL ELEMENTS ON THE NON-STRUCTURAL ELEMENTS ON THE

BORDER BORDER
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DECK WITHOUT NON-STRUCTURAL DECK WITH NON-STRUCTURAL
ELEMENTS ON THE BORDER ELEMENTS ON THE BORDER
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Aeroelastic derivatives for flutter analyses have been derived by static coefficients, in
the hypothesis of quasi-static theory, appropriate for adequately high speeds. In all
examined cases, the critical speed for the aeroelastic instability is that of a 2 dof
classical flutter (two natural modes only, one vertical and one torsional, are involved
with almost coinciding shape)
Uc (m/s) Uc (m/s)
DECKS WITHOUT NON-STRUCT. EL. | WITH NON-STRUCT.EL. ON
ON THE BORDER THE BORDER

Messina 92 -- 94.0

B=52m 99.3 86.7

B=48m 83.9 79.4

B=44m 105.6 88.6

B=40m 76.3 65.1
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CROSS HANGERS

Bridges with cross hangers at 360, 390, 1050 and 1080 m from each tower

Uc (m/s) U¢ (m/s)
WITHOUT NON- | WITH NON-
STRUCT. EL. STRUCT. EL.
ON THE ON THE
BORDER BORDER
+ CROSS + CROSS
HANGERS HANGERS

125.9 116.6

112.9 106.7

131.4 124.8

104.9 87.4
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Conclusions

First results here reported seem encouraging; depending on the traffic volume, in fact, it
seem possible to realize stable decks, for very long span bridges, with separation
between longitudinal boxes reduced to values much lower of those till now designed;
that involves the possibility to reduce the costs (up to 20%, from the first evaluations
reported here), especially considering the use of a few couples of cross hangers. In the
next developments of the research the changes induced on the aeroelastic behaviour of
the bridge by the introduction of grillages will be however examined in detail
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Cross hangers, increasing the torsional stiffness of bridges, raise the
frequency of the torsional motion involved in flutter

The different spacing between boxes has important influence: e.g. the critical
speed is no more than 65 m/s when B = 40 m with border elements; however,
the introduction of cross hangers increases the critical speed, so it’s always
possible to obtain an adequate aeroelastic behaviour

Although experimental investigations described here need to be extended, it
appears noteworthy the fact that the spacing between boxes seems to show an
optimum value between the maximum and minimum values considered (gap 4
m, B =44 m)

If confirmed, such circumstance could be of practical interest and allow a
further optimization of the decks’ configuration with respect to aeroelastic
stability; this will require further numerical and experimental evaluations of the
influence of grillages filling such gap and every other detail element
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