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BMS: Bridge Management System
CSP: Computer Simulation and Prediction
EDMS: Electronical Document Management System
ICMS: Information & Coordination Management System
MACS: Management and Control System
MMS: Management, Maintenance and Simulations
SCADA: Supervisory Control and Data Acquisition
WSMS: Work Site Management System
TMS Traffic Management System
SHMS Structural Health Monitoring System

Other abbreviations:

OcCcC: Operation Control Centre

I&M: Inspection and Maintenance
O&M: Operation and Maintenance

RBI: Reliability Based Inspection
RCM: Reliability Centered Maintenance
RFI Rete Ferroviaria Italiana

UML Unified Modeling Language
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1 Executive Summary

The Messina bridge is a highly innovative bridge design for the world's longest span (3300m) to

link Sicily with mainland Italy.The Messina Strait Bridge will span the Messina Strait between

Calabria on the Italian mainland and the island of Sicily and will provide the first fixed link between

Italy and Sicily. The suspension bridge crossing comprises a 3,300 m main span, which will be

longest in the world when constructed.

This report describes the Computing of Simulations and Prediction(CSP) system, which

is a sub system under Management and Control System(MACS). It is envision that

CSP will be able to predict the future state of the bridge as a total structure and the

individual parts which is being monitored by the Structural Health Monitoring System

(SHMS) system. Furthermore it will be possible to make correlation between events

recorded by all subsystems and relevant parameters chosen by the system operator.

All predictions required by the specification GCG.F.06.01 have been described and

furthermore the use of virtual channels for new prediction can easily be added to the

system if it is seen beneficial for operating of the bridge.

The Bridge is to be equipped with a Management and Control System (MACS), which enables the

Bridge Operator to carry out the operation and maintenance of the Bridge structure and installation

in a safe-and structured manner.

The Management and Control System will be a collection of controlling software applications with

analysis and management modules and interface to the following system packages:
. Monitoring (SCADA — described by the E&M design basis)

- Traffic Management System (TMS)

- E&M Control and Monitoring (EMC)

- Structural Health Monitoring System (SHMS)

- Communication (CS)

- Railway monitoring (RTMS).

. Management, Maintenance & Simulations (MMS)

Eurolink S.C.p.A.
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- Computing of Simulations and Predictions (CSP, Detailed in this report).
- Worksite Management System (WSMS).
- Bridge Maintenance Planning (BMS).
- Information and Coordination Management (ICMS).
- Electronic Document System Management (EDMS).
Figure 1.1 shows the overall system architecture for MACS where CSP, which is described in this

MACS

Operation Control Centre Maintenance Office

report, is highlighted.

GCADA Databa%{ SCADA) < MMS >—@MS Databas§

Network TMS Railway TMS Network CMS SHMS CSP ICMS WSMS
Bridge TMS cS Bridge CMS BMS EDMS

Figure 1.1 Over all system architecture.

A more detail description of MACS can be found in, Management and Control, doc. no. CG1000-P-
2S-D-P-IT-M4-C3-00-00-00-01-B.

This document is a design definition plan for the CSP. It cannot be used as a tender document. It is
expected that, during the Progetto Executivo, this document will be further developed into a system
Specification. This design plan presents as outlined in the following

1.1 Computing of Simulations and Predictions (CSP)

The Bridge is to be equipped with a system for Computing of Simulations and Predictions (CSP),
which is to be a part of MMS. The CSP system is closely tied to the MMS system which is
described in the document named Management and Control, doc. no. CG1000-P-2S-D-P-IT-M4-
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C3-00-00-00-01-B.
The module for Computing of Simulation and Prediction will comprise of the following applications
1 Event Manager
2 Bridge Rating
3 Traffic Simulation
4 Structural Simulation
5 Climate and Weather Simulation

The simulation software will obtain data from the sub-modules for simulation if relevant otherwise
all data used in CSP will be obtained through the two databases in SCADA and MMS. Simulation
results will be possible to report in the EDMS module and the conclusions of simulated
investigations to be passed on to the SCADA operator, BMS and other relevant system and
persons.

1.2 Event Manager

ICMS collects all the events occurring in MACS including events from external sources which will
have an effect on the bridge. The CSP system will have the function of collecting and making a list
of events, from the ICMS. After reading the event list from the ICMS, the CSP's event manager will
sort the events into groups such as sensors, location, and priority, if applicable respectively. The
MMS will then be able to access the different sorted/grouped event lists or the unsorted event list
containing all events recorded by the ICMS.

1.3 Bridge Rating

The CSP will interface with the BMS and retrieves the current rating for the bridge component in
guestion. The CSP will calculate a rating based on SHMS data and visual inspection /observations,
which will then be assimilated with the BMS current rating in order to obtain a new total rating. A
report based on the calculation and the assimilation of ratings will be generated for the use of
BMS.

Eurolink S.C.p.A. Pagina 8 di 79
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The grading system used by the CSP will be set up in cooperation with the BMS in order to find the
correct scaling for the calculated fatigue/utilization/loading etc. in relation to the 6 point grading
scheme used by the BMS.

1.4 Traffic Load Simulations

The SHMS will provide the CSP with traffic flow data which will enable the calculation and
simulation of expected traffic.

Furthermore, the CSP will be able to forecast traffic situations by taking predicted weather
conditions into account, such as wind speed, visibility, temperature etc.

The CSP will be able to provide prognosis for the short term (10 min), medium terms (1-2 hours)
and long terms (days) dynamic traffic load. These CSP predictions will be used to calculate
utilization of service limit capacity and plot the current and predicted state of the bridge in relation
to load. The current and predicted traffic load will be shown in the same plot for easily identification
of trends in the current traffic in comparison to historical data

1.5 Structural Simulation

The Structural Simulation module is in principal the module which calculates the loads and
predictions in CSP. The data used for calculating loads and predictions are provided by the SHMS
and the BMS. The calculated loads and predictions such as fatigue or stress will be used for
interpretation and comparison to design limits. Based on these comparisons to loads and
predictions the Structural Health Evaluation will be made. If any prediction exceeds a given design
limit, an alarm will be sent to the SCADA operator which then will make a judgment on the
importants and the validity of the prediction. Depending on the decision of the SACDA operator
whether or not to proceed with the alarm an event will be manually log in the ICMS system.

1.5.1 FE-Simulation

The structural simulation will be used whenever BMS or other relevant systems identify a structural
problem which needs clarification in relation to the effect on the bridge. The system can also be
used to simulate and predict bridge performance for a giving dynamic load situation and load
capacity evaluation when special heavy vehicles applies for passing the bridge.
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The structural simulation software shall, through the data from SHMS, be able to simulate any
possible given load situation and compare it with the measured bridge. The FE-model used for
structural simulation should be an existing model updated to as build documentation. This model
should then be verified through a comparison of the simulated results from the FE-model and the
data logged by the SHMS.

1.6 Climate and Weather Simulations

The climate and weather simulations will be based on local metrological station and prognosis from
a well established weather institute.

The weather forecast will give high accuracy data for wind speed, wind direction, temperature,
precipitation and estimation of visibility. The data will be available for all system in MACS with
access to the MMS database.

The CSP system shall feed the SHMS, with future predictions from wind and traffic which shall be
added to the SHMS displays.

High definition real time data from the SHMS will be used in conjunction with statistical data in
simulating and predicting bridge loads under different wind conditions.

1.7 General for the CSP

CSP will interact with databases situated in SCADA(CG1000-P-2S-D-P-IT-M4-C3-00-00-00-06-
B_Design_Spec_Mech_Elec_ ANX and MMS (see doc. no. CG1000-P-2S-D-P-IT-M4-C3-00-00-00-
01-B). These databases will have a common architecture to ensure communication between
systems. Furthermore the CSP will be able to communicate with each of the other systems directly
if needed. The CSP software will be build upon standard software with the necessary extensions to
achieve the required extra functionalities if possible, otherwise specialized software will be
developed to handle the needed functionality under the CSP.
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2 Introduction

This section gives at small introduction to the bridge and the individual system which is relevant for
the CSP system.

2.1 General

The Messina Strait Bridge will span the Messina Strait between Calabria on the Italian mainland
and the island of Sicily and will provide the first fixed link between Italy and Sicily. The suspension
bridge crossing comprises a 3,300 m main span, which will be longest in the world when
constructed.

The bridge carries four marked vehicle lanes, two emergency lanes and two rail lines. The bridge
superstructure comprises three separate orthotropic deck steel box girders, one for each of the
Sicily and Italy bound roadways and one for the railway. The three box girders are connected by
transverse steel box cross girders spaced at 30 m. The superstructure is supported by pairs of
hanger cables connected to each cross beam end. The hangers are connected to pairs of main
cables on each side of the bridge (four main cables). The main cables are anchored at each bridge
end in massive reinforced concrete anchor blocks. The main cables are supported by two steel
main towers, each with a height of 399 m above mean sea level. The main towers are founded on
reinforced and post-tensioned concrete footings, which are supported on underlying rock
formations.

This document is a design definition plan for the CSP. It cannot be used as a tender document. It is
expected that, during the Progetto Executivo, this document will be further developed into a system
specification. This design plan presents as outlined in the following

2.2 MACS

The Bridge is to be equipped with a Management and Control System (MACS), which enables the
Bridge Operator to carry out the operation of the Bridge and maintenance of the Bridge structure
and installations in a safe and structured manner.

Eurolink S.C.p.A. Pagina 11 di 79
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The Management and Control System will be the controlling software platform and consist of a
collection of sub applications with analysis and management modules and interface to the following
system packages:

. Monitoring (SCADA - described by the E&M design basis)
- Traffic Management System (TMS)
- E&M Control and Monitoring (EMC)
- Structural Health Monitoring System (SHMS)
- Communication (COM)
- Railway monitoring (RTMS).
. Management, Maintenance & Simulations(MMS)
- Computing of Simulations and Predictions (CSP, Detailed in this report).
- Worksite Management System (WSMS).
- Bridge Maintenance Planning (BMS).
- Information and Coordination Management (ICMS).

- Electronic Document System Management (EDMS).

Figure 2.1 shows the overall system architecture for MACS where CSP, which is described in this
report, is highlighted.
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Operation Control Centre

MACS

Maintenance Office

GCADA Databa%{ SCADA)

Network TMS

Bridge TMS

Railway TMS

=

Network CMS

Bridge CMS

SHMS

( MMS >—@MS Databasa

ICMS

EDMS

WSMS

Figure 2.1

Over all system architecture.

The CSP, which is detailed in this report, will interact with sub system under both SCADA and

MMS as well as with external data provides as shown in the flow chart below.

i

[|  Copyot
documents

Management System

Alarms and Predicted events|
Dynamicdata events with with relation to Dynamicdata
from data base relationto BMS ICMS (paper from data base
(paper report)
Statistical . ) .
data
c of
SCADA <: Management module
(SHMS)
Event
categories| Bridge it Prediction| Smea
and Rating
handiing
EventM t Structural Health Evaluation Structural Simulation (FE Traffic Simulation Climate and Weather
vent Mangemen System (Bridge rating Model) (Simulation)
calculatin unit)
II rersen |
Databases|
Databases
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Some of the functionality will be automatic whereas other will require manual input from a user. An
example could be a load simulation in the FE-module, where the user needs to update the FE-
model with the latest findings from BMS and SHMS. This will have to be performed manually.

The CSP software will be build upon standard software with the necessary extensions to achieve
the required extra functionalities if possible otherwise specialized software will be developed to
handle the function under the CSP. The CSP will enable the operator to make predictions on load,
displacements, fatigue and will provide the MMS with plot data.

Whereas it is possible to interface to CSP through MMS, not all function for data analysis is
available trough this interface, which basically covers the need for plotting/listing of data from
relevant sub-programs. Results of daily analyses of data performed in CSP will have the possibility
of being made available to MMS.

A summary of the individual function shown in Figure 2.2 is listed Section 0, below.

3 CSP

3.1 General

The Bridge is to be equipped with a system for Computing of Simulations and Predictions (CSP),
which is to be a part of the Management and Control System (MACS).

The module for Computing of Simulation and Prediction will comprise of the following applications
. Event Manager.

. Bridge Rating.

. Traffic Simulations.

. Structural Simulations.

. Climate and Weather Simulations.
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The simulation software will be allowed to pull SCADA data for calibration and control purposes.
Also simulation results will be possible to report in the EDMS module and the conclusions of
simulation investigations to be passed on to the ICMS.

The UML user case shown in Figure 3.1 gives at overview of the different interconnection and data
flows, where Table 1 lists the actors, which is relevant for the CSP system.

Table 1 Description of Actors used in the following UML diagrams

Actor Description
- Provides reports with information used in a manual simulation
EDMS
IcMS - Provides event data to the CSP through the MMS database
- All user in MACS
MMS
- Provides data through the MMS database
BMS

- Provides a platform for exchange of data
MMS database

- Provides a platform for exchange of data
SCADA database

- Provides data used in prediction calculations
SCADA:SHMS

) - Weather data provided to/by an externally weather service
Weather service

- Staff (3 shifts, 24 hours):

SCADA operator . Team Leader 1, 2, 3, 4 and 5.
- Responsibilities:
. Control and command of operation & emergency of the bridge
. Coordination of all parties with actions interfering with bridge
. Logging of the operation and emergencies
- Staff
User . Engineer
- Responsibilities:
. making structural calculation
. Calibration of FE-model
. Structural simulations
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uc Main Use Case Diagram /

CsP

E 3 ICMS
EDMS

2. SIMULATE STRUCTURAL
BEHAVIOR

MMS DATABASE

3. EVALUATE BRIDGE

% i
SCADA DATABA!
MMS
4 SIMULATE TRAFFIC
BEHAVIOR

5. SIMULATE CLIMATE & \—
WEATHER

SCADA: SHMS
SCADA OPERATOR

%/

WEATHER SERVICE

Figure 3.1 Overall CSP System

Table 2 contains a short description of the individual main use cases within the CSP system, the
right column list the use cases and the left column list the shot description.
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Table 2 Main use cases within the CSP

Use case

Description

1. Manage Events:

Handles events with relation to plots and calculation in CSP.

2. Simulate Structural
Behavior:

Uses SHMS data for prediction and simulating how the bridge might react in the future in
relation to the present conditions.

3. Evaluate Bridge Element:

Uses SHMS data, BMS data and prediction data to evaluate individual bridge elements
and grades them according to the BMS grading scale.

4. Simulate Traffic Behavior:

Uses current and historical traffic data to predict traffic patterns over short, medium and
long term.

5. Simulate Climate &
Weather:

Predicts how the climate and weather looks like in the future. This is done by providing a
well establishes weather institute with local weather data from SHMS for predictions of
the climate and weather in a local weather model.

In the following the individual Use Cases are described in more detail.

Figure 3.2 shows the sub Use Case defining the inner function of the "1. Manage Events", which

are descripted in Table 3 shown below.

uc EVENT MANAGEMENT MODULE /

EVENT MANAGEMENT MODULE

ICMS

(from Actors)

1.2 DISPLAY EVENTS

1.1 SORT EVENTS

MMS

(from Actors)

Figure 3.2 Use Case for the Event manger
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Table 3 Short description of the main use cases within the use case "1. Manage Events"

Use case

Description

1.1 Event sorter:

Events are attached to a list which can be sorted in relation to Name, Group and Time. If
an internal event happens in CSP then it will be pushed to the ICMS.

1.2 Display events:

Display data locally and handles requests from MMS.

Figure 3.3 shows the Use Case defining the inner function of the "2. Simulate Structural Behavior",

which are descripted in Table 4 shown below.

uc STRUCTURAL SIMULATION MODULE /

STRUCTURAL SIMULATION MODULE

2.1 PERFORM

SCADA: SHM

(from Actors)

SCADA DATABASE

(from Actors)

[

PREDICTION

€
5

2.2 COMPARE

AGAINST LIMITS

/ MMS

(from Actors)

2.3 FLAG EVENT

SCADA OPERATOR

(from Actors)
2.4 PERFORM
%/ FE-SIMULATION j—o0o |
\
MMS DATABASE
(from Actors) BMS
(from Actors)
EDMS
(from Actors)
Figure 3.3 Use Case for the Structural Simulations.
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Table 4 Short description of the main use cases within the use case "2. Simulate structural

behavior"
Use case Description
2.1 Perform prediction: Handles all prediction made by the CSP, in relation to structural behavior. The

predictions are made by using data from the SHMS.

2.2 Compare against limits: Makes comparison between predicted values and preset limits.

2.3 Flag event: If predicted values is greater then a given limits, then an alarm is push and the predicted
event is sent to the SCADA operator for evaluation of the predicted event.

2.4 Perform FE-simulation: Handles all FE-Simulation made by the CSP. Data from SHMS, BMS and prediction will
be used in making the FE-Simulation.

Figure 3.4 shows the sub-Use Case defining the inner function of the "2.1 Perform prediction",

which are descripted in Table 5 shown below.

uc PREDICTION MODULE /

PREDICTION MODULE

2.1.1 PREDICT
SCADA: SHMS MMS

(from Actors) (from Actors)

2.1.2 PREDICT LOAD

DISPLACEMENT
SCADA DATABASE MMS DATABASE

(from Actors) (from Actors)

Figure 3.4 Sub-Use Case "2.1 Perform prediction" from the "2 Structural Simulations".
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Table 5 Short description of the main use cases within the use case "2.1 Perform prediction "

Use case

Description

2.1.1 Predict fatigue:

Fatigue will be calculated of bridge components where structural stress is monitored by

the SHMS.

2.1.2 Predict load:

Loads with respect to wind, traffic and temperature will be calculated.

2.1.3 predict displacement:

Displacements with respect to wind, traffic and temperature will be calculated.

Figure 3.5 shows the sub Use Case defining the inner function of the "2.4. Perform FE-simulation",

which are descripted in Table 6 shown below.

uc FE-SIMULATION MODULE/

FE-SIMULATION MODULE

2.4.1 CALIBRATE

USER \

(from Actors)

SCADA DATABASE

(from Actors)

MODEL

2.4.2 PERFORM
CASE STUDIES

-

2.4.3 REPORT

MMS DATABASE

(from Actors)

BMS

(from Actors)

EDMS

(from Actors)

Figure 3.5 Use Case for the FE-Simulation.
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Table 6 Short description of the main use cases within the use case " Perform FE-simulation”

Use case

Description

2.4.1 Calibrate model:

The FE-model will be calibrated against the as build documentation and measured data
from the SHMS.

2.4.2 Perform case studies:

The calibrated FE-model will be used to calculate special load cases such as heavy
transport, load scenarios from predicted storms or seismic events.

2.4.3 Report:

Reports written based on the calculated results.

Figure 3.6 shows the inner function of the Use Case defining "4 Simulate Traffic Behavior", which

are descripted in Table 7 shown below.

uc TRAFFIC SIMULATION MODULE/

TRAFFIC SIMULATION MODULE

4.1 COLLECT DATA

SCADA: SHMS

(from Actors)

SCADA DATABASE

(from Actors)

/

4.2 PERFORM
PREDICTION

MMS

(from Actors)

4.3 COMPARE
PREDICTION AGAINST
LIMITS

SCADA OPERATOR

(from Actors)

Figure 3.6 Use Case for the Traffic Simulations.
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Table 7 Short description of the main use cases within the use case " 4. Simulate Traffic Behavior"

Use case

Description

4.1 Collect data:

Collect data will ask the SHMS and the SCADA database for relevant data.

4.2 Perform prediction:

Prediction of the obtained data will be performed.

4.3 Compare prediction against limits:

Comparison to given design limits will be performed. If a given limit is exceed

the SCADA operator will be ask to evaluate the predicted event before

sending it to ICMS.

Figure 3.7 shows the Use Case defining the inner function of the 4.2. from "4 Traffic Simulations",

which are descripted in Table 8 shown below.

uc PREDICTION MODULE

PREDICTION MODULE

4.2 PERFORM

PREDICTION

7l

/
«extend»

I
I \
|
|

1 \
«extlend»

4.2.1 PERFORM
SHORT TERM
PREDICTION

4.2.2 PERFORM
MEDIUM TERM
PREDICTION

4.2.3 PERFORM
LONG TERM
PREDICTION

MMS

(from Actors)

Figure 3.7

Eurolink S.C.p.A.
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Table 8 Short description of the main use cases within the use case "4.2 Perform prediction”

Use case

Description

4.2.1 Perform short term prediction:

Performs a short term prediction based on traffic, using standard software.

4.2.2 Perform medium term prediction: | Performs a medium term prediction based on traffic flow and statistical data

and using standard software..

4.2.3 Perform long term prediction:

Performs a long term prediction based statistical data.

Either of the above described predictions can be made or all of the same time.

Figure 3.8 shows the Use Case defining the function of "5 Simulate Climate & Weather", which are

descripted in Table 9 shown below.

uc CLIMATE & WEATHER SIMULATION MODULE/

CLIMATE & WEATHER SIMULATION MODULE

5.1 PREDICT

WEATHER SERVICE

(from Actors)

4

SCADA: SHMS

(from Actors)

CLIMATE

5.2 PREDICT

SCADA DATABASE

(from Actors)

T

WEATHER

5.3 COMPARE
AGAINST LIMITS

MMS

(from Actors)

SCADA OPERATOR

(from Actors)

Figure 3.8
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Use Case "5. Simulate Climate & Weather".
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Table 9 Short description of the main use cases within the use case "5. Simulate Climate &
Weather "

Use case Description

5.1 Predict climate: The Climate predictions will be performed in collaboration with a well established weather
institute. The prediction will be used internally in CSP and made available to the MMS

and SCADA database for plotting and reporting of predicted events.

5.2 Predict weather: The weather predictions will be performed in collaboration with a well established
weather institute. The prediction will be used internally in CSP and made available to the

MMS and SCADA database for plotting and reporting of predicted events.

5.3 Compare against limits: Comparison to given design limits will be performed. If a given limit is exceed the SCADA

operator will be ask to evaluate the predicted event before sending it to ICMS.
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4 Summary of CSP component

4.1 Event Manager

The CSP system will have the function of collecting and making a list of events, from the ICMS,
which collect all the events occurring in MACS, including events from sources external to the
bridge, which will have an effect on the bridge. All events and the appropriate action to perform if
an event occurs will be described in the Preliminary Operation and Emergency Manual, O & E
Manual

(CG1000-P-MI-D-P-M7-00-00-00-00-00-01-A) and the ICMS will handle the notification of the
appropriate system and people.

Monitoring the event list from the ICMS, the CSP's event manager will sort the events into groups,
sensors, location, and priority, if applicable and respectively. The MMS will then be able to access
the different sorted event lists or the unsorted event list containing all event recorded by the ICMS.

The handling of events and alarms will be a part of the O&E-manual and effectuated through the
ICMS system.

Examples of alarms is shown below
The event pre processing will in specific be handled by the following systems.
. Serviceability alarm

- Real time Load alarm, located at SHMS and pushed to TMS and externals as ANAS and
RFI

- Predicted Load alarm, located at CSP and pushed to SCADA operator
- Real time Weather alarm, located at SHMS
- Predicted Weather alarm, located at CSP and push to SCADA operator
- Accident Alarm, located at TMS.

. Structural Warning Alarm, located at SHMS.

. Bridge Rating Alarm, located at CSP and pushed to BMS for verification.
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The data exchange between the systems will be through the common service layer described in
document Management and Control, Annex - CG1000-P-2S-D-P-1T-M4-C3-00-00-00-01-B

4.2 Alarms within the CSP

If any automatic prediction exceeds a given design limit an alarm will be sent to the SCADA
operator which then will make a judgment on the importants and the validity of the prediction.
Depending on the decision of the SACDA operator whether or not to proceed with the alarm an
event will be manually logged in the ICMS system. Meaning that the SCADA operator manually
needs to accept or disregard the alarm and make a note in the alarm log describing the reason
behind the decision. Depending on the choice of the SCADA operator the event will be logged as
an real event (the SCADA operator chose to believe the prediction) or the event will be logged as a
false alarm(the SCADA operator do not believe the prediction).

Delaying or disabling of alarms will be possible, but only allowable by user with administration
rights. This option is available in the case a prediction keeps generating an alarm.

In respect to delaying and alarm then it will be possible to specify a time in which the alarm is
suppressed or a number of alarms which are suppressed.

In both cases of delaying and disabling an alarm it will be necessary to write a note on why the
alarm is delayed or disabled or tick of a option from a list of predefined options (to be decided on).
Furthermore a personal password and biometric identification will be required, which will ensure
that the responsible persons id will be logged in case of circumstances relating to the delay or
disabling of a alarm leads to future investigations.

4.3 Bridge Rating

The CSP will interface with the BMS and retrieves the current grade for the bridge component in
guestion. The CSP will calculate a grade based on SHMS data, which will then be assimilated with
this BMS current grade in order to obtain a new total grading. A report based on the calculation
and the assimilation of grades will be generated for the use in BMS.

The grading system used by the CSP will be set up in cooperation with the BMS in order to find the

correct scaling for the calculated fatigue/utilization/loading etc. in relation to the 6 point grading
scheme used by the BMS.
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4.4 Traffic Load Simulations

The SHMS will provide the CSP with traffic flow data which will be used for calculation and
simulation of expected traffic.

Furthermore, the CSP will be able to forecast traffic situations taking into account weather
conditions prognosis delivered to the CSP, such as wind speed, visibility, temperature etc, all
based on statistical data collected from the SHMS traffic data. A standard software package as
SimTraffic 7, Aimsun 6 or similar will be used in calculating the short to medium term flow, density
and vehicle composition of the traffic and the potentially of traffic jams and there location. This
software can also be used in planning of maintenance or defined hypothetical situations on the
bridge as it is possible to simulate closing traffic lanes and see how this effects the traffic flow and
demand.

The CSP will be able to provide prognosis for the short term (10 min), medium terms (1-2 hours)
and long terms (days) dynamic traffic load. These CSP predictions will be used to calculate limit
capacity and plot the current and predicted state of the bridge in relation to load. The current and
predicted traffic load will be shown in the same plot for easily identification of trends in the current
traffic in comparison to historical data

Based on the actual level of traffic reported from the SHMS, the CSP shall calculate the predicted
traffic and limit capacity of the bridge and push data to TMS/SCADA operator which can regulate
vehicular traffic on the Bridge and eventually intervene and regulate incoming fluxes, in order to
guarantee safety, traffic fluidity and, in case, to prevent or limit queues' formation on the Bridge.

4.5 Structural Simulation

The Structural Simulation module is in principal the module which calculates the loads and
predictions in CSP. Section 5.4, 6 and 7.1 shows the loads and prediction mad by the CSP. The
data used for calculating loads and predictions are provided by the SHMS and the BMS. The
calculated loads and predictions such as fatigue or stress(section 7.1 and 6.5.3)will be used for
interpretation and comparison to design limits. Based on these comparisons to loads and
predictions, the Structural Health Evaluation will be made, see section 7.1. Some of the evaluation
will be automatic whereas others will be manual. An example on an automatic evaluation could be
an evaluation of traffic load. Here an automated alarm/warning will be flagged to the SCADA
operator if the prediction of the traffic load shows that the within the near future the traffic load will
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exceed 100%. An example of a manual evaluation could be a combination of a number of stress
alarms, which would trigger a manual inspection by the BMS, which will make a manual evaluation
based on measurements and observations.

A stand alone Structural Health Evaluation System (SHES) will not be apparently present in CSP
but rather be subdivided into the Structural Simulation and Traffic Simulation modules.

CSP should have a function for displaying retrospective historical data from SHMS as an hour,
day, month and year period. The SHMS and the CSP will have a facility for looking at high
resolution event data, see section 5 and 6.

45.1 FE-Simulation

Structural simulation through FE-simulations will be used whenever BMS or other relevant systems
identify a structural problem which needs clarification in relation to the effect on the bridge. The
system can also be used to simulate and predict bridge performance for any possible given static
or dynamic load situation, which can be used for predicting peak load scenarios with heavy traffic
and heavy freight trains passing the bridge at the same time.

The structural simulation software shall through data from SCADA be able to simulate any possible
given load situation and compare it with the measured bridge values for calibration of the model.

The FE-simulation are not intended to run in real time but intended to be used as a tool which will
be used on special problems defined by the BMS or other case scenarios.

The FE-simulation will also be used for predicting the effect of seismic events as the bridge ages.
This should be done by using information from the BMS and the SHMS and a calibration of the FE-
model which reflect the current state of the bridge. The CSP will use a well established FE-
software package, such as ADINA, Bentley RM 2000, SAP 2000 or similar products available at
the time of implementation, to ensure that all need function are available.

4511 FE-model

The FE-model used for structural simulation should be an existing model updated to as build if
possible; otherwise a model should be constructed with the chosen FE-software. This model
should then be verified through a comparison of the simulated results from the FE-model and the
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data logged by the SHMS. The bridge model shall be carried out by a commercial available
software package, such as ADINA, Bentley RM 2000, SAP 2000 or similar.

Regular (time interval to be decided based on experience) verifications checks of the FE-model
should be made in order to have reliable result.

4.6 Climate and Weather Simulations

The climate and weather simulations will be based on local metrological station and prognosis from
a well established weather institute.

The weather forecast will give high accuracy data for wind speed, wind direction, temperature,
precipitation and estimation of visibility. The data will be available for all system in MACS with
access to the MMS database.

The data provide from the chosen weather institute will give a weather prognosis on an easy
readable picture for MACS operators.

The SHMS shall display the real time data. This will include the basic wind pressure with time, total
traffic load with time, wind pressure against total traffic load, wind speed with direction, and buffer
force with buffer displacement. These later plots will show live data with data from a preceding
period of time (that is to be agreed). CSP system shall feed the SHMS (in a manner that is
equivalent to the SHMS set-up e.g. as if data), with future predictions from wind and traffic which
shall be added to the display. The intervals for updating this data need to be agreed. The SHMS
will need to include a buffer database for the high definition data files.

This high definition real time data from the SHMS can be used in conjunction with statistical data in
simulation and predicting bridge loads under different wind conditions. The data should likewise be
used for different cases of comparison (to be defined).

) Analysis and review of data

The following section describes the option available for the user to review and analyse data from
the SHMS and other relevant sub-system under MACS. The first section lists the data analyzing
and manipulations tools whereas the second section describes the plots available to display the
data which are under review.
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In general all available data channels will be possible to plot in one of the forms presented in the

plot section below, in order to review the data in nearly any format the user like.

51 Data analyzing and tools available in CSP

The following list of analyzing tools forms the basis of the tools available for the user of CSP.

Using a established software package like National Instruments(NI) LabVIEW with appropriated

add-ons will ensure that necessary tools will be available to CSP.

5.1.1

Required data analysis in CSP

The flowing list of data analysis are the minimum required for the CSP system

o Envelops of

@)

@)

Seismic load vs. relevant service limits.

Wind load vs. relevant service limits.

Traffic load vs. relevant service limits.

A combination of the above Seismic, Wind and Traffic loads vs. relevant service

limits

Wind vs. Traffic

Wind vs. Displacements
Traffic vs. Displacements

Seismic vs. Displacements

A combination of the above Seismic, Wind and Traffic loads vs. Displacements

e Frequency analysis of bridge

@)

(e)

@)

deck vibration, Heave vs. torsion
tower vibration vs. deck vibration

cables vibration vs. deck vibration

Eurolink S.C.p.A.
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o cables vibration vs. tower vibration
e Fatigue analysis of steel deck
e Fatigue analysis of expansion joint
e Correlation between
o cables vibration vs. wind speed and direction
o deck vibration vs. wind speed and direction
o tower vibration vs. wind speed and direction
o cables displacements vs. Wind speed and direction
o deck displacements vs. Wind speed and direction
o tower displacements vs. Wind speed and direction
o cables displacements vs. Traffic density, load and flow
o deck displacements vs. Traffic density, load and flow
o tower displacements vs. Traffic density, load and flow
o Fatigue steel deck vs. Temperature
o Fatigue steel deck vs. Traffic density, load and flow
o Fatigue steel deck vs. Wind speed direction and gust speed

o Fatigue steel deck vs. Seismic activity

51.2 Tools available in CSP for data analysis
The following list the tools available to the CSP operator in order to perform data analysis
. Digital filters:
- Lowpass.

- Highpass.
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- Bandpass.

- Bandstop.

- Smoothing.
. Curve fitting tool:

Linear.

- Quadratic.

- Spline.

- Polynomial.

- General least squares linear.

. Frequency analysis tools:

- Magnitude (RMS): Measures the spectrum and displays the results in terms of root-

mean-square (RMS).

- Magnitude (peak): Measures the spectrum and displays the results in terms of peak

amplitude.

- Power spectrum: Measures the spectrum and displays the results in terms of power. All

phase information is lost in the computation.

- Power spectral density: Measures the spectrum and displays the results in terms of

power spectral density (PSD).
- Octave analyses.
- Time frequency plots.
. Statistics:
- Mean.
- Median.

- Mode: Finds the value that occurs most often in the values in Signals.

Eurolink S.C.p.A.
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- Sum of values.
- Root mean square (RMS).
- Standard deviation.
- Variance.
- Kurtosis.
- Skewness.
. Correlation Analysis:
- Correlation.
- Cross correlation.
- Auto correlation.

. Data manipulation:

- Creation of virtual channel.

Performing mathematical operation on data channels or subset of data.

. A virtual channel could be set up to hold the data produced from any of the above

mention mathematical operation, such as a Power spectrum of hanger vibration

or statistical values for comparison of deck displacement against wind velocity

and direction.

Selection of data subset.

Copy of data subset
- Deletion of data subset.

Substitution of data subset.

Eurolink S.C.p.A.

Align: Aligns the signals to have the same start time.

Resample: Re-samples the signals to have the same sampling interval.
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5.2 Available plots for data under review

The following section describes the plots which will be available to the CSP user while reviewing
data from the SHMS and other relevant sub-systems. Using a established software package like NI
LabVIEW with appropriated add-ons will ensure the necessary tools will be available to CSP.

521 General setup of plots:

e The plot will be auto scaled but it should be possible to control the axis with slides as
shown below. Max and min value of the sliders will update automatically with respect to the
plots axis.

e Legends of the plots should also be displayed but have the options of switching them on
and off.

e It should be possible to trace a point on a graph showing the x and y value. The option of
copying theses x and y values should also be possible.

e It should be possible to define a seconded axis on the right of the plot for comparing two
vectors such as displacement and temperature.

e The axis should have the option of linear scale, log scale, inverting, dB scale and rotating
+90°.

e It should be possible to select a graph and copy its values to the clipboard for further
analyses.

o It will be possible to plot a trendline for a selected graph. The options of trendlines will
consist of:

o linear

o polynomial

o exponential

o logarithmic

o power

o moving average line.

e The following zoom option will be available.
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1: Box 2: Horizontal
3: Vertical 4: All
5: zoom out by mouse click

6: zoom in by mouse click

e For XY-plots clicking the legend it will make it possible to chose the how to display data.
The option available is shown in Figure 5.1

Figure 5.1 Plot options

Figure 5.2 shows a general setup for a XY-plot of four different data channels.

Waveform Chart
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Figure 5.2 General setup for XY-plots.

Eurolink S.C.p.A. Pagina 35 di 79




JIy Stretto / Ponte sullo Stretto di Messina
B diMessina , ) } PROGETTO DEFINITIVO

EurolinKk

. . . . Codice documento Rev | Data
Computing of Simulations and Predictions Annex
P10006_F0.docx FO 20/06/2011

52.2 Non-standard XY-plot

The following section displays the non-standard XY-plots which shall be available in the MMS and
CSP.

An example of current and historical data would be that the wind direction is plotted real time but
also with a tail of a set number of hours for spotting trends in the wind. The figure below shows an
example of such a plot. The updating speed should be dynamic so the operator can choose an
updating speed such as; real time, 10min, 1h or an arbitrary time defined by the operator. This
should be done in order to clean up the plot if the trail of data has been set for many hours of data.
Limits of wind speed should also be plotted so the operator can see if the in the wind speed are
approaching these limits, Figure 5.3.

limi

wl [N/
&J

Figure 5.3 Wind rose showing a trail of wind speeds and direction, current situation (blue dot)
and predicted situation (red dot). The red line is the limit wind speed.

For the Events a plot of their location and the number of events in one location is available, Figure
5.4. This plot is for example thought as a help for locating areas with high Deterioration. The
scaling of the number of events is dynamic relative to the sensors which are chosen, meaning that
the size of the circle at the sensor location is scaled according to the maximum and minimum
number of events for all the chosen sensor. Different colors of the circle can be used for sensors
overlapping each other or for displaying of alarms and warning in the same plot.
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Figure 5.4 Accumulated events and location plot.

5.3 Review requirements

All plots specified and described in the SHMS specification, CG1000-P-2S-D-P-IT-M3-SM-00-00-
00-01_B_Design Report-SHMS_ANX, section 10 and Appendix 1 shall be available for the CSP
through web services as outline in MACS, CG1000-P-2S-D-P-IT-M4-C3-00-00-00-
01_B_MACS_ANX.doc

54 Special review requirements

The following sections outlines special extra review requirements.

541 Correlation Analysis

Making a correlation of data will make it possible to setup prediction based on historical data.
Figure 5.5 below shows and example where the longitudinal displacement of the bridge deck at an
expansion joint is plotted against the deck temperature of the bridge. Based on such a plot, it is
possible to predict a linear correlation between the longitudinal displacement and the deck
temperature. By setting up a virtual channel which contain this linear correlation it would be
possible to have this channel updated with new data as it is available and by that keep getting a
better estimate on the longitudinal displacement as a function of temperature, which could be
displayed in the MMS as well.

Eurolink S.C.p.A. Pagina 37 di 79




Jy Siretto / N
A di Messina ﬁ \

EurolinKk

Ponte sullo Stretto di Messina
PROGETTO DEFINITIVO

Computing of Simulations and Predictions Annex

Codice documento
PI0006_F0.docx

Rev
FO

Data
20/06/2011

400 -

L] Deck longitudinal displacement at expansion joint.

—— Bestfit.
760 -

300 -

200 - BPIIE
150 -
100 -

50

Deck longitudinal Displacement [mm]

a ® e
250 - oliaw gl

34
Deck temperature of bridge [°C]

am 42

Figure 5.5 Example Plot of Effective Bridge Temperature vs. Deck Thermal Movement

(Longitudinal)

Also required is a correlation analysis as shown in Figure 5.6 where the vertical displacement of

the bridge deck is plotted in relation to the difference in temperature in the cable and the deck.

e

Difference in mean effective temperature
(cable-deck), [°C]
W

a0 30 =70 -60 450 -40 =30 -0 -0 1] 10 it}

Vertical Displacement of deck - [mm]

Figure 5.6 Bridge Deck Level with Effective Temperature

A part from displacements the correlation analysis shall also be use to se the strain on the towers

as an effect of the wind, as Figure 5.7 illustrates.
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Figure 5.7 Plot of Correlation of Wind Loads and Tower Base Moment

In general using virtual channels to create new derived data channels makes it possible to setup
what ever correlation plot which is possible in relation to the data logged by the SHMS and other
derived channels from the CSP. It is required to be able to generate such plots for

e Seismic loads.

¢ Wind loads

e Traffic loads

e Combination of the above mention loads
Cross Correlation of the wind field along the bridge deck in order to simulate the wind force in a
FE-calculation.

5.4.2 Frequency Analysis

Using the available frequency tools it shall be possible to produce combined plots as shown in
Figure 5.8. It shall also be possible to produced Individual plots.
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Figure 5.8 Example Plots a frequency analysis of sample data. (Left) investigation of the total time
series, (Right) investigation of selected part of the time series

5.4.3 Fatigue Analysis

Fatigue of the different bridge components shall be display in a different ways, from remaining life-
time to a S-N curve, see Figure 5.9, which is a plot of the magnitude of a cyclic stress (S) against

the logarithmic scale of cycles to failure (N).
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Figure 5.9 Example plot of a S-N curve for a bridge component

Eurolink S.C.p.A.

Pagina 40 di 79




JIy Stretto / Ponte sullo Stretto di Messina
B diMessina , ) } PROGETTO DEFINITIVO

EurolinKk

Codice documento Rev | Data

Computing of Simulations and Predictions Annex
P10006_F0.docx FO 20/06/2011

Using the same approach as for fatigue the maintenance utilization of the expansion joint can be
calculated by making a rain flow count on the movement of the expiation joint and then adding up
the rain flow bins to a total sum of movement.

6 Load Predictions

The following section describes the load predictions available in CSP. Load predictions shall be
prepared to assist with traffic management on the approach network to the bridge as well as on the
bridge. Predictions required for effective operation include:

. wind speed (mean and gust) and direction (gust) (weather data)
. rainfall (weather data)

. ice formation on road surface (weather data)

. vehicle traffic (traffic data)

. train passage (traffic data)

The influence of load predictions shall be assessed by comparison against loads established at
serviceability limits:

. for the bridge e.g. navigation channel clearance, gradient requirements for trains, permissible
load.
. for the safety of high-sided vehicles e.g. vehicle overturn, safe driving conditions.

. for the safety of low vehicles e.g. vehicle overturn, safe driving conditions.
. for the safety of trains e.g. train overturn.

Traffic flow predictions shall be available for the appropriate control of traffic flow across the
network and bridge.

Load predictions shall be provided for the following timescales:
. short term : 10 minutes

. medium term : 2 hours
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6.1

long term : 1 day.

Data input for Load Predictions

Predictions shall be established around data received from other components of SCADA as well as

from third parties:

6.2

Weather data shall be recorded on the bridge by the SHMS including wind speed (mean and
gust) and direction (gust), air temperature, air pressure, and precipitation.

Traffic data on the approach network to the bridge and on the bridge shall be recorded by the
Network TMS and the Bridge TMS, and processed by the SHMS. Traffic data recorded by
the Network TMS and Bridge TMS includes vehicle and train weight, length, speed and time
of passage at various detection points. Traffic data processed by the SHMS include