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Papers will be presented on:

 Smart wireless or other advanced sensors
 Field applications
 Data acquisition, processing and management

Damage identification and localization
Model updating, safety evaluation and 
reliability forecast
Damage control, repair and strengthening 
Life-cycle performance-based design
Smart materials and structures
Global positioning system (GPS) and related 
systems for wind and earthquake hazard mitigation
of civil infrastructure
Remote monitoring systems
Integrated systems and implementations of SHM
Design guidelines and codes of SHM
Standardization of SHM systems
Non-destructive evaluation/testing

Special Sessions will be held on:
 SHM Applications in Bridge Security
 Health Monitoring of Marine and Harbour Structures
 Monitoring of Slope Stability
 Assessment of Monitoring of Integrity of Buried Pipeline

Short Courses will be offered by:
 GEOIDE Network of Centres of Excellence on Geomatics
 International Society for Structural Health Monitoring of  

Intelligent Infrastructure (ISHMII) on SHM
 American Society for Nondestructive Testing (ASNDT) on

Nondestructive Evaluation and Testing

VENUE
The venue for SHMII-3 is the Fairmont Waterfront Hotel in Vancouver, British Columbia, Canada,
located at 900 Canada Place Way.

Surrounded by the coastal mountains and blessed with a spectacular harbor, lush city parks and
undeniable charm, the Fairmont Waterfront has a stunning view wherever there's a window. With
state-of-the-art conference facilities, every detail will be taken care of to make sure you can get
down to business. At the end of a busy day, enjoy the Health Club and the fine cuisine in the restau-
rant. 

The hotel is located beside an enclosed walkway to the Vancouver Convention and Exhibition Center,
the Cruise Ship Terminal, and is within walking distance of Stanley Park and Gastown.

With lovely Pacific beaches and the coastal mountains framing the city, Vancouver is truly a spectacu-
lar physical setting with many natural attractions. The world-renowned Stanley Park with its fabu-
lous mile-long seawall is one of Vancouver's greatest sources of outdoor enjoyment for cycling, in-
line skating, relaxing picnics and much more! 

Take a stroll down Robson Street where it thrives with lively restaurants, stylish boutiques and chic
cafés, perfect for people watching. With many diverse areas, including Gastown and Chinatown,
within walking distance from the downtown core, exploring Vancouver is a joy. 

ACCOMMODATIONS

A block of rooms has been booked for SHMII-3 delegates at the Fairmont Waterfront Hotel.
Delegates should make reservations directly with the hotel. 

Fairmont Waterfront Hotel
Phone: 604-691-1820
Fax: 604-691-1999
Email: wfcreservations@fairmont.com 
Global Reservations Centre: 1-800-441-1414
Website: www.fairmont.com

Callers must identify themselves as being with the SHMII-3 conference.
Internet users must enter the following promotional code: GRCCW1
Rates and space cannot be guaranteed after Friday, October 12, 2007
Rates: Fairmont Guestroom: $179   Portside Deluxe Guestroom: $199

SHMII-3 2007 
www.is iscanada.com/shmii-3

Vancouver, Canada
November 14-16, 2007

Fairmont Waterfront Hotel

The 3rd International Conference on 
Structural Health Monitoring of Intelligent Infrastructure

The 3rd International Conference on Structural Health Monitoring of Intelligent Infrastructure, SHMII-3 2007, will provide a forum
for international scientists, engineers, enterprisers and young researchers to discuss recent advances in smart sensors, wireless sensor networks, sig-
nal acquisition and processing, real-time data transferring and management, and explore the potential for international cooperation. Participants
will be able to share innovative ideas on the state-of-the-art, state-of-the-practice and future trends of smart sensors, advanced sensor networks
and integrated systems for structural health monitoring of intelligent infrastructure. 

SHMII-3 2007 is the official conference of the International Society for Structural Health Monitoring of Intelligent Infrastructure (ISHMII), and is
organized by the ISIS Canada Research Network.

I N V I TAT I O N

On Line Registration
www.isiscanada.com/shmii-3/online_registration.htm
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In the United States, with the recent passage of our 2005
highway bill, called the "Safe, Accountable, Flexible, and
Efficient Transportation Equity Act: A Legacy for Users

(SAFETEA-LU)", the Federal Highway Administration (FHWA)
is initiating a Long-Term Bridge Performance (LTBP) program.
The LTBP program is an ambitious 20-year research effort
that is strategic in nature and has both specific short-term
and long-range goals. The objectives of this program are to
collect, document, and make available high-quality quanti-
tative performance data for a representative sample of
bridges nationwide.  The collected data will be used to
improve our knowledge regarding bridge performance,
develop better design methods and performance predictive
models, and support advanced management decision-mak-
ing tools.

Basically, it is anticipated that the LTBP program will provide
a better understanding of bridge deterioration focusing on
its numerous causes including corrosion, fatigue, environ-
ment and loads.  The program will also collect information
regarding the effectiveness of current maintenance and
improvement strategies, as well as the operational perform-
ance of bridges, focusing on congestion, delay and acci-
dents.

At this time, a draft framework for the LTBP program is being
developed which will define program activities and goals for
both the short and long-term.  The specific issues to be
addressed by the framework include:

Program management and administration
Specific data to be collected
Bridge sampling
Performance measures
Technology to support data collection
Data quality and collection strategies
Data management and archiving
Data mining and analysis
Cyber-infrastructure and information dissemination
Opportunities for participation and collaboration

The FHWA desires to
insure that the needs
of stakeholders and
others from academic
and industry are
addressed and that their technical input and recommenda-
tions are obtained, in order to make successful our invest-
ment in the LTBP program and finalize the framework which
will meet the intent of the program.  This will be accom-
plished by a series of workshops that will obtain feedback
from participants on the expected outcomes and deliver-
ables of the LTBP program.   This program will provide
opportunities for international collaboration.

For additional information, please visit the LTBPP website at
http://www.tfhrc.gov/structur/ltbp.htm 
or contact Dr. Ghasemi, LTBP program manager, 
at hamid.ghasemi@fhwa.dot.gov.

1 Research Structural Engineer, Program Manager, LTBPP,
Turner-Fairbank Highway Research Center, Federal Highway
Administration, U.S. Department of Transportation, McLean,
Virginia

2  Research Program Manager for Infrastructure Office of
Infrastructure R&D, LTBPP, Turner-Fairbank Highway
Research Center, Federal Highway Administration, U.S.
Department of Transportation, McLean, Virginia

FHWA'S LONG-TERM BRIDGE

PERFORMANCE PROGRAM

HAMID GHASEMI1 AND STEVE CHASE2

Steve Chase (top) and Hamid Ghasemi (bottom)
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This work shows a current assessment project that seeks to identify and
rate the bridge structures in service in the Mexican Federal Highway
Network (MFHN),  that present deterioration caused by corrosion. To

accomplish this, using the analysis tools inherent in geographic information
systems the following objectives and tasks were put forward:

General objective: Classification of the bridge structures in the MFHN
according to the state of deterioration caused by corrosion and structural
integrity and  establishing the priority level for detailed inspection or reha-
bilitation.

Task 1: Generate an inventory, in an electronic format, of the bridge
structures of the MFHN defining name, identification number, State, high-
way, length, year of construction, year of last inspection, number of
spans, geographic coordinates and slope.

Task 2: Use the specialized GIS software of the IMT(SIGET) and the
inventory from Goal 1, to generate a map showing groupings of bridges
that can be potentially  damaged by corrosion based on their geographi-
cal position and the environmental exposure. 

Task 3: Coordinate the visual inspections of all the bridges of the MFHN
of the 31 states of the Mexican Republic. If no deterioration caused by
corrosion is found, project the time to future detailed inspections of the
structure.

Task 4: Gather the information generated by the visual inspections from
the bridges that exhibited damage due to corrosion.

Task 5: Analysis of the results from the field inspections with the databas-
es generated by the SIGET.

According to the last mentioned the National Plan of Evaluation and
Diagnosis of Bridges Damaged by Corrosion, which are not included in
this work and will be detailed in future publications.

Information Sites Utilized

The current bridge administration system (SIPUMEX) of the Mexican min-
istry of transportation, Secretaria de Comunicaciones y Transportes (SCT),
was incoporated to the National Plan of Evaluation and Diagnosis of
Bridges Damaged by Corrosion, belonging to the IMT. This SIPUMEX sys-
tem does consider structural integrity and general information of each
bridge, but it does not include any parameters regarding environmental
degradation of the concrete structures.
Further information proceeded from government institutions such as:
National Institute of Geography and Statistics, Instituto Nacional de
Estadistica Geografia e Informatica (INEGI), National Institute of Ecology,
Instituto Nacional de Ecologia (INE), and institute of Geography at
UNAM,  Instituto de Geografia de la Universidad Autonoma de Mexico
(UNAM) and the IMT.

Variables and criteria for the analysis of the information

According to the tasks mentioned earlier, a population of 6 065 bridges
were identified for inclusion in the program. The bridges in this popula-
tion were analysed and grouped according the following variables and
criteria: 

1. Year of construction (select the bridges that were built in or before
1990 without considering the information about maintenance).

2. Bridges over rivers and canals.

3. Distance to the coastline: close to the coast line two buffers zones
were identified about five kilometers from the coast; and another 20 km.
If a river is present in this same area, the analysis sought to capture the
combined effect of the humidity and the possible presence of high con-
centrations of chlorides.

4. Climate zone: In the case of corrosion by carbonization the dry and
semidry climates are considered, or places that have temperatures
between 18° C and 22.9° C.

5. Counties or urban areas with industrial activities likely to increase
probability of corrosion. Areas in where two or more industrial parks or
cities are located, with a potential generation of air pollutants and waste
that could lead to corrosion due to carbonization. 

6. SIPUMEX current grade that actually qualifies and classifies the level of
structural integrity of each bridge 

Procedures and results obtained

Using the criteria presented above and the SIGET system, cartologaphic
models could be developed for each criterion separately and then
merged and analyzed to create a priority for detailed field inspection
activities.

The bridges were separated and prioritized based on potential for corro-
sion based on exposure to chlorides and based on carbonization, taking
into account the current SIPUMEX rate or grade. The following represent
numbers identified in each category and priority:

Bridges with potential to corrosion by chlorides:
High Priority=330 bridges
Medium Priority=3604 bridges
Low Priority=2131 bridge

Bridges with potential to corrosion by carbonization: 
High Priority=395 bridges
Medium Priority=3951 bridges
Low Priority=1719 bridges 

Conclusions and Recommendations

The results that have been obtained up to now demonstrate the use of
GIS, SIMPUMEX incorporated into de National Plan, is a clue and deter-
ministic tool to schedule detailed inspections of bridges that have a
potential for deterioration, besides the typical degradation for common
heavy load transit. At the same time, this work serves as a base for the
authorities of conservation of bridges of the SCT of Mexico so that the
rehabilitation on the bridges can include criteria design for extending
residual life of the bridges. The differentiation of bridges by structural
integrity and potential corrosion realized in this work is not definite and
currently the databases are being improved. It is planned to merge other
databases given by the INEGI to include more extensive parameters
about the most important polluters in the urban areas of Mexico. By
doing so, zones where there are high and critical concentrations of CO2
present for the generation of corrosion by the carbonation of the concrete
will be accurately considered.

NATIONAL PLAN OF EVALUATION AND DIAGNOSIS OF BRIDGES DAMAGED
BY CORROSION, IN FEDERAL HIGHWAY NETWORK

By: Miguel Martínez Madrid, Andrés Torres Acosta, Angélica del Valle Moreno, José Trinidad Pérez Quiroz, Miguel A. Backhoff Pohls, Francisco Carrión Viramontes
Instituto Mexicano del Transporte



FiberSensing "Hybrid
Concept" Demonstrated on
Railway Bridges Testing

FiberSensing has introduced the hybrid platform concept on its
Measurement Units, which allows the simultaneous assessment of
signals generated by a sensing network composed by both electrical
and fiber Bragg grating (FBG) sensors. Based on this platform, differ-
ent measurement units have been implemented, which are now com-
mercially available. These units have a graphical interface that allows
the user to configure optical and electrical sensors in a similar way,
as well as acquire, operate and store both types of signals. The units
are also expansible through a built-in PXI sub-rack, being possible to
increase the number of electrical and optical channels by inserting
additional optical switching modules or PXI data acquisition cards.
This concept was recently demonstrated during a testing campaign
that took place in two railway bridges in northern Portugal.
FiberSensing and a team leaded by Prof. Rui Calçada, from the
Structural and Seismic Engineering Laboratory (LESE) of the Faculty of
Engineering of University of Porto, have installed several sensors,
both optical and electrical in Peixinhos and Canelas Bridges.
Peixinhos is a small span concrete bridge; Canelas Bridge comprises
six medium length spans working as simply supported composite
steel concrete beams.
The objective of this campaign was to characterize dynamically both
bridge structures, to evaluate dynamic effects induced by traffic and
to investigate the impact of aspects such as the rail track and struc-
ture composite effect, the rigidity of the bridge bearings and the pres-
ence of secondary structural elements on the dynamical behavior of
this type of structures. The dynamical measurement system installed
also allowed on-motion determination of the train compositions
weight, as well as its distribution, through a proprietary algorithm that
was specifically developed for this purpose.
A total of 16 FBG based sensors produced by FiberSensing were
used (5 composite strain - FS6230, 5 weldable strain - FS6220, 6
displacement sensors - FS6100) together with 4 electrical accelerom-
eters (model 393A03, from PCB Piezotronics).
The sensors were used to monitor acceleration, strain and displace-
ment on both bridges. On the Canelas Bridge, two weldable strain
sensors were used to monitor the influence of the train in rail tracks,
being one of them deployed along the neutral axis and the other one
on the basis of the rail, mainly for separating and evaluating both
effects of the deformation of the track due to total deflection of the
deck and to train wheels loading.
To simultaneously acquire all the signals from both the electrical and
optical sensors, a BraggScope measurement unit with PXI sub-rack
expansion was used (FS5550). On this rack, a PXI optical switch 1x4
(FS1300) module and a PXI DAQ (NI-PXI 6052) from National
Instruments were inserted. The acquisition rate was 500 S/s.
Luis Ferreira; email: luis.ferreira@fibersensing.com

MacDonnell Group and
SMARTEC SA Partner to Bring
Structural Health Monitoring
Technology to North America
MacDonnell Group of Halifax announced that they have partnered
with SMARTEC SA, of Lugano, Switzerland, a leading developer, pro-
ducer and distributor of measurement and Structural Health
Monitoring (SHM) systems.  MacDonnell Group will be a Certified
Solution Provider of SMARTEC products for Canada and the United
States.      

Roberto Walder, Sales Manager for SMARTEC, was in Halifax this
week, presenting the range of products available for various field
applications and structures.  He explained that "SHM equipment is
used to monitor performance, and to detect, locate and assess dam-
age caused by severe loading or environmental conditions."  Mr.
Walder went on to say that SHM is an innovative way to monitor the
performance of structures and to manage risk.    

Ralston MacDonnell, President of MacDonnell Group, stated, "this is
a unique opportunity to accelerate the availability of Structural
Health Monitoring services by bringing cutting edge technology from
Europe to Canada.  This partnership will build on our 10 year rela-
tionship with research organizations in Canada that are developing
structural health monitoring systems."  Dr. Vidyahar Limaye, Vice
President of Engineering and Innovation for MacDonnell Group, will
be leading the initiatives in Canada.

Structural Health Monitoring has already been successfully imple-
mented in Nova Scotia.  MacDonnell Group employed this new tech-
nology in 2004/2005, partnering with Dalhousie University and ISIS
Canada, a Networks of Centre of Excellence, to monitor the process
of increasing the berthing depth for the Fairview Cove Terminal.
SHM technology is also being used in other provinces, like Manitoba,
where the MacDonnell firm JMBT Structures, and ISIS Canada,
designed the system for the Esplanade Riel Pedestrian Bridge.  
Live examples of SHM are available at
http://130.179.57.204/ActiveSHM/Templates/Home.htm. 

MacDonnell Group is a Halifax based firm with over 50 years of
experience in engineering and management consulting.  In addition
to SHM research, the firm has pioneered working in the area of fibre
reinforced plastics in structures; including, the award winning corro-
sion free bridge decks.

Contact Information:

Dr. Vidyahar Limaye Roberto Walder
MacDonnell Group SMARTEC SA
Suite 1100, 1505 Barrington Street CH-6928 Manno
Halifax, NS Via Pobbiette 11
vlimaye@macdonnellgroup.com Switzerland
www.macdonnellgroup.com walder@smartec.ch

www.smartec.ch
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Roctest Ltd., a public Canadian company, announced that it

has completed the purchase of all of the issued and out-

standing shares of SMARTEC SA, a privately held Swiss com-

pany specializing in the development, production and distri-

bution of measurement and structural health monitoring sys-

tems based on fibre optics, GPS technologies and related

services. 

Roctest Ltd. designs, manufactures and markets sensors

and high-precision measuring instruments for the civil engi-

neering, energy, healthcare and industrial control markets.

The Company is recognized for its leading-edge technology,

the quality of its technical expertise and its products develop-

ment capabilities for challenging and demanding environ-

ments. Its products are mainly sold internationally. The

Company has more than 150 employees and its shares are

listed on the Toronto Stock Exchange under the symbol RTT.

SMARTEC SA is a leading developer, producer and distrib-

utor of measurement and structural health monitoring sys-

tems that set standards for innovation, quality, ease of use

and durability. SMARTEC supports and trains its customers in

the design, installation and use of monitoring systems, as

well as in the management and analysis of the resulting

data. Its domains of expertise cover civil and geotechnical

engineering, structural engineering, oil and gas industry, and

energy distribution. SMARTEC has instrumented over 100

projects in 20 countries using advanced structural monitoring

systems based on fiber optic sensors (SOFO system based on

low-coherence interferometry using long-gage sensors,

MuST system based on Fiber Bragg Gratings, DiTeSt system

based on Brillouin scattering effect and DiTemp system based

on Raman scattering effect, both using distributed sensors)

and other advanced techniques (3DeMoN system based on

GPS technology). SMARTEC has 15 employees and will con-

tinue to operate from Manno, Switzerland.

"We are very excited about this transaction and are ready to

start integrating SMARTEC to the Roctest Group," said Mr.

François Cordeau, President and Chief Executive Officer of

Roctest Ltd. "This acquisition is strategically important and is

a great opportunity for us to position ourselves as a major

player in our industry. The acquisition of SMARTEC positions

Roctest as the only manufacturer of measuring instruments

for the geotechnical and civil engineering markets with such

a complete set of technologies and solutions to meet the

requirements of our customers" added Mr. Cordeau.

"We are also gaining some highly experienced employees

that will contribute significantly to our vision as well as a

complementary sales channel in some areas. Moreover,

some of SMARTEC products will also be deployed in industri-

al applications through our subsidiary FISO. We are very

excited to have SMARTEC join the group and we look for-

ward to a lasting relationship with their customers" added

Francois Cordeau. 

Nicoletta Casanova, CEO of SMARTEC said: "We are proud

to become part of the Roctest Group while continuing our

mission to provide complete monitoring solutions based on

fiber optic sensing and other advanced technologies, partic-

ularly for the civil engineering and the oil & gas industries". 

"Pairing the technologies and experience of SMARTEC with

those of the Roctest group will allow us to provide a unique

range of field-proven sensing and monitoring systems to

respond to the many diversified needs of our clients" added

Daniele Inaudi, CTO of SMARTEC.

Information:

SMARTEC SA, Nicoletta Casanova , Chief Executive Officer

casanova@smartec.ch, www.smartec.ch

Roctest Ltd., François Cordeau, President and Chief Executive

Officer, info@roctest.com, www.roctest.com

5
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An Internet Para-Stressing System

for Intelligent Bridge

Ayaho Miyamoto, Prof., Dr. Eng., 
Dept. of Computer & Systems Engineering, 
Yamaguchi University, Japan
e-mail: miya818@yamaguchi-u.ac.jp

Minoru Motoshita, B. Eng., 
Managing Director, Kyowa Sekkei CO., LTD, 
Ushitora, Ibaraki, Osaka, Japan
e-mail: motoshita@kyowask.co.jp

1. WEB-BASED REMOTE MONITORING SYSTEM

Bridge monitoring system using information technology is
capable of providing more accurate knowledge of bridge
performance characteristics than traditional strategies. This
paper describes not only an integrated internet monitoring
system that consists of a Stand-alone Monitoring System
(SMS) and a Web-based Internet Monitoring System (IMS) for
bridge maintenance but also its application to Para-Stressing
Bridge System as an intelligent structure. IMS, as a web-
based system, is capable of addressing the remote monitor-
ing by introducing measured information derived from SMS
into the system through Internet or Intranet connected by
either PHS or LAN. Moreover, the key functions of IMS such
as data management, condition assessment and decision-
making with the proposed system are also introduced in this
paper. Another goal of this study is to establish the frame-
work of the Para-Stressing Bridge System [1] which is an
intelligent bridge by integrating the bridge monitoring infor-
mation into the system to control the bridge performance
automatically. Furthermore, it is verified by experimental
results with the model of a cable-stayed bridge.
An outline of the integrated remote monitoring system is
given in Figure 1. The integrated remote monitoring system
is used as a sensing tool for the Para-Stressing System to
identify the present condition of the bridge in terms of defor-
mation, stress and other parameters, and to confirm post-
control conditions of the bridge.

Stand-alone Monitoring System (SMS)
The Stand-alone Monitoring System (SMS) works on a meas-
urement computer installed at the bridge site where field
monitoring takes place. SMS measures external forces acting
on the bridge and the behavior of the bridge subjected to
external forces. SMS periodically  measures the stresses and
displacements of bridge members and temperature around
the bridge using sensors installed in the bridge, visualizes the
collected data in graphs and charts, and stores them in a
measurement server.
The SMS that monitors a cable stayed bridge model is com-
posed of a measurement instrument (data logger) that mon-

itors the behavior of the model, and a measurement server
that sends instructions to the measurement instrument and
records data. The measurement server is equipped with
measurement control and data storage programs, and
records monitoring data and displays it in graphs.

Internet Monitoring System (IMS)
To increase measurement and data collection efficiency of
SMS at the bridge site, an Internet Monitoring System (IMS)
using communication networks was built by incorporating a
web server. Using IMS, which is capable of transmitting mon-
itoring data at real-time, enables quick identification of
bridge performance and response, and efficient manage-
ment and use of collected measurement data regardless of
time or place. With IMS, early discovery of problems by field
monitoring, simultaneous monitoring of multiple bridges,
data use for other purposes than bridge management, guar-
antee of data uniformity and reduction of inspection and
other maintenance works become possible.
For practical IMS implementation, however, preventing ille-
gal attacks of Internet invaders such as system destruction,
data manipulation and eavesdropping is very important. In
IMS, the range of authority of the user to access the system
and data is classified into the manipulation of measurement
results, data use or data retrieval. Some users are authorized
to access the common file server in the web server, but oth-
ers are not. Thus, restrictions are imposed on system use. The
system is intended to allow as many bridge-related people as
possible to retrieve and use data. Users are classified into
administrator, member or guest according to the range of
authority (security depth) to restrict access to the system. A
multi-level authentication is adopted in which authentication
is done at each security depth. Wielding the broadest range
of authority of the administrator requires authentication at
three security depths. This system adopts server authentica-
tion, client authentication and password authentication
based on SSL (security socket layer) that encrypts data. Figure
2 shows an example of screen output by IMS for a two-span
cable-stayed bridge model.

INTERNET PARA-STRESSING SYSTEM AND ITS APPLICATION

Para-stressing is an intelligent technology based on a new
concept of response to external forces acting on structures by
controlling structural members including material properties
in real-time while regarding the entire structure as a self-
organized system [2]. Shown in Figure 3 is a self-organized
structure that senses, determines and controls external forces
by itself. The system senses the conditions of the bridge
based on the measurements obtained by the integrated
remote monitoring system, determines the present service-
ability and safety condition of the bridge using the measure-
ment server, and sends control instructions to the actuator
whenever necessary. A system was constructed for automati-
cally carrying out a series of these jobs. Described below are
three functions of the para-stressing system shown in Figure

TECHNICAL NOTES
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3: sensing, decision-making and control/actuation functions:

Sensing function

Referring to Figures 4 and 5, the sensing function is intend-
ed to accurately identify the conditions of the bridge. The
integrated remote monitoring system is used to perform this
function. With the para-stressing system, displacements of
main girders are controlled by varying the cable tension of
the cable stayed bridge model. The sensing function is there-
fore responsible for accurately grasping cable tension before
and after the control measure is taken.

Decision-making function

The decision-making function calculates the tension that 
should be applied to cables to reduce the main girder dis-
placement or vibration due to large vehicle loads to the level
under normal loads (optimal counterforce for controlling dis-
placement). The cable tension measured by the sensing func-
tion is compared with the calculated counterforce. Control
instructions are continually sent to the control function until
the cable tension becomes identical to the optimal counter-
force.

Control function

The control function varies cable tension by stressing or
relaxing the tension using the actuator on the bridge to off-
set additional loads of large vehicles.

To verify the effectiveness of the proposed Para-Stressing
Bridge System (PSBS), experiments with SMS and IMS were
carried out on the cable stayed bridge model shown in Figure
5. The cable-stayed bridge model has ability of adjusting
tensions of each cable and it is able to realize para-stressing
force as the intelligent bridge. Before experiments being car-
ried out, measuring values obtained from every sensor are
initialized to zero point on the assumption that initial tensions
of cables and displacement of main girder are optimally
adjusted according to the condition without any live load.
Also, the purpose of our experiments is to verify the functions
of proposing systems which are monitoring the load history
on a target bridge when normal live load is applied on the
model bridge (SMS) and maintaining the initial displacement
of girder when heavy live load is applied on the model
bridge (IMS & PSBS).
For verification of SMS, a live load is applied on the model
bridge and displacements are measured by each displace-
ment sensor at positions A to J (Figure 4). The experimental
results are compared with the results obtained from the Finite
Element Method (FEM). According to these results, SMS is
effective not only for investigating/inspecting bridges but also
for developing PSBS to control the bridge performance under
exceptional live loads. And it takes within 1 second for the
whole presentation including measuring, calculating, and
comparing processes.

In the proposed PSBS, the complex phenomenon of the para-
stressing force on girder deflection, cable force, maximum
bending moment, etc is attributable to the balance of stiff-
ness among the main girders, pylon and cables of the bridge
model. As an example, Figures 6(a) and (b) show verification
results of the displacement distribution under exceptional live
load (100N weight) at position B by PSBS (before and after
actuators being controlled). From these results, it is seen that
PSBS was able to reduce the effect of exceptional live load on
the main girder based on the active cable control. Namely it
is recognized that not only the maximum moment but also
the displacement of the main girder are remarkably
improved after following process. At first, the bending
moment influence line of the girder has to be obtained from
both of the live load location and initial cable tension forces.
Then, the adjusting cable tension forces are evaluated in
order to optimize (minimize) the maximum absolute moment
curve in the girder based on the stiffness balance among the
main girders, pylon and cables. It can be solved with alge-
braic approach using deflection theory. Finally, the cable
actuators are controlled and adjusted in order to
increase/decrease to the targeted tension forces.

CONCLUDING REMARKS

In this paper, we proposed an effective remote monitoring
system for bridges: (1) an integrated internet monitoring sys-
tem that consists of the "Stand-alone Monitoring System
(SMS)" and "Web-based Internet Monitoring System (IMS)" for
bridge maintenance, (2) application to "Para-Stressing Bridge
System (PSBS)" as an intelligent structure.
The integrated internet monitoring system enables real-time
monitoring, a technological component for developing an
integrated life-cycle management system for civil infrastruc-
tures. The integrated monitoring system is also composed of
not only the Internet but also other types of information tech-
nology such as the latest information processing and soft
computing technologies, etc.
As a future prospect of this research work, it will be integrat-
ed with the Japanese Bridge Management System (J-BMS)
which has been developing by the authors [3]. J-BMS consists
of three components: "J-BMS Data Base System", "Bridge
Performance Assessment System" and "Maintenance Plan
Optimization System". The proposed PSBS in this paper will
be becoming a core function for J-BMS in the near future.
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Figure 3  Composition of para-stressing system Figure 4  Sensors arrangement in bridge model testing
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Figure 5  Cable stayed bridge model

Without PSBS 

Figure 6(a)  Verification results of Para-Stressing Bridge System(PSBS) (without PSBS)

With PSBS 

Figure 6(b)  Verification results of Para-Stressing Bridge System(PSBS) (with PSBS)
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Distributed Long-Gage
Fiber Optic Sensors

Zhishen Wu, Professor and Head
Dept of Urban & Civil Eng, Ibaraki Univ, Japan 
email: zswu@mx.ibaraki.ac.jp

Suzhen Li
Dept of Urban & Civil Eng, Ibaraki Univ, Japan 
email: Lszh99@gmail.com

The concept of distributed strain sensing techniques with
required performances has been advocated in our recent
research for the purpose of developing an integrated heath
monitoring strategy for infrastructure. Similar to the nervous
system running throughout the whole human body to perceive
and reflect various senses such as pain and itch, this sensing
techniques is dedicated to utilizing the continuous strain distri-

butions throughout the full or partial areas of structures to
detect the unforeseen damage. 

Long-Gage Fiber Optic Sensors

A long-gage fiber optic sensors array on the basis of fiber
Bragg grating (FBG) has been developed for implementing the
distributed static and dynamic strain sensing, as shown in
Fig.1. In spite of high precision and excellent dynamic measur-
ing ability, the ordinary FBG faces an unfavorable problem in
that its inherent gauge length is around 1-2cm, which makes
FBG work as a traditional "point" strain gauge and difficult for
distributed placement. Our idea is to extend the gauge length

of FBG to a certain length (i.e. sensor gauge length) by using
a tube to sleeve the optical fiber and then fixing at two ends of
the tube. For a general long-gage sensor (Fig.1 (1)), the in-
tube fiber has the same mechanical behavior and hence the
strain transferred from the shift of Bragg center wavelength
represents the average strain (or macro-strain) over the sensor
gauge length. In order to obtain effective measurements in the
case that strain response is very small or environmental noise
is heavily disturbing, an improved packaging design is pro-
posed to enhance the measuring sensitivity of long-gage FBG
sensors (Fig.1 (2)) by utilizing two materials with different mod-
ulus to package the optic fiber and imposing the deformation
within the gauge length L largely on the essential sensing FBG
part L1. After connecting the long-gage sensors in series, a
FBG sensors array can be achieved finally for distributed
macro-strain measurements (Fig.1 (3)). Proof tests have veri-
fied the ability of the developed sensors for both static and
dynamic measurements. 

The developed sensors are characterized by the capability of
obtaining the measurements integrating both local and global
information due to the fact that (1) strain is a typical local
response; (2) distributed sensor placement helps to record the

data covering the large region of a structure; (3) high sam-
pling rate of FBG interrogator makes it possible to obtain
broad-band spectrum and global modal parameters. The cur-
rent widely-used transducers, such as accelerometer, velocime-
ter and displacement transducer essentially provide some kind
of measurements in translational degrees of freedom (DOFs).
In contrast, the macro-strains from long-gage FBG sensor
have a clear relation with rotational displacements (see Fig.1).
In virtue of this feature, the novel sensor can perform in a way
parallel to the conventional transducers. What is more impor-
tant is that macro-stain measurements are more sensitive to
damage and can be directly applied for damage detection
with no requirement for a detailed analytical model or base-
line structure. 
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Static Sensing Based SHM

Experimental investigations have been performed on a normal
RC beam instrumented with these distributed long-gage FBG
sensors and tested under static loads, as shown in Fig.2. On
one hand, the FBG sensors array can effectively detect the
occurrence, location and extent of cracks. With the increase of
gauge length, FBG sensor may weaken the stress/strain con-
centration (Fig.2 (1)). On the other hand, the macro-strains
measured by a sensor of 0.4m or longer gauge length present
a perfect linear correlation with the deflections at the mid-span
from a displacement transducer (Fig.2 (2)). This comes to a
very valuable conclusion that as long as the gauge length and
location of the sensors are reasonably selected, the long-gage
FBG sensor can replace the displacement transducer which is
often used for global displacement measurements but is diffi-
cult to install in the practical civil structures due to the require-
ment for a baseline position. 

Based on the static sensing of the structural macro-strain
responses, the inverse problems including load identification
and structural parametric estimation have been also investigat-
ed in our recent work by employing a fiber section model to
deal with the non-linear analysis for a RC beam. An integrated
SHM strategy on RC flexural structures is finally put forward
involving (a) local damage identification (b) parametric estima-
tion and (c) global behavior evaluation.

Dynamic Sensing Based SHM

On the basis of the correlation among dynamic macro-strain
distribution, a strategy with no requirement for a detailed ana-
lytical model has been proposed for damage locating and
quantification.  Taking a beam structure with four distributed
long-gage FBG sensors for example, Fig.4 describes the
process for feature extraction. Under an excitation case, the
macro-strain responses from all the sensors are recorded
(Fig.4 (1)). Via FFT, a vector, similar to mode shape, can be
constructed from the peak values of strain magnitude frequen-
cy response functions (FRFs). It is obvious from Fig.4 (2) that
the vectors from several cases where single-point hammer
impulsive excitation is applied at arbitrary location with arbi-
trary amplitude are linearly correlated. The slopes of the fitted
lines are then taken as the features for further damage identifi-
cation. Theoretical investigations have shown that the mapping
relation from rotational mode shape to the feature is identical 

to that from rotational displacement to macro-strain response
(see the equation in Fig.1). By and large, the features are simi-
lar to curvature mode shape. As listed in Fig.4 (3), the features
present a nice indication to damage location and extent.

Fig. 2 Experimental investigations on a normal RC beam 
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Also, considering the difficulties for identifying damages in
large-scale structures, such as ill-conditioning, slow conver-
gence and sometimes non-uniqueness in inverse and optimal
analysis due to the huge quantity of unknown parameters, a
two-level damage detection strategy using modal parameters
extracted from distributed macro-strain data is proposed (see
Fig.5). Level 1 of modal macro-strain vector (MMSV) method
is first performed for locating damages with a space resolution
of the gauge lengths of fiber optic sensors. Hereafter, the num-
ber of candidate parameters to be identified is sharply reduced
and Level 2 of natural frequency based damage quantification
can be then carried out. This step-by-step procedure helps to
utilize the data of different measuring precision, i.e., to locate
the damage by using the data of not very high quality (e.g.
MMSV) and then to quantify the damage by using the parame-
ters of high precision (e.g. frequency). 

Conclusion

A new distributed long-gage fibre optic sensor is presented
and its application in static and dynamic monitoring discussed.
The developed distributed long-gage fiber optic sensors based
SHM system is scheduled to be implemented into two existing
PC and steel bridges located in Ibaraki prefecture, Japan.
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FiberSensing Develops a 
High Performance 
FBG based Tiltmeter
FiberSensing has developed an inclination sensor based on fiber Bragg gratings (FBGs) and has been testing it con-
tinuously with very good results. The tiltmeter is designed to measure the variation of angle towards the vertical with-
out the need for temperature compensation. It has input and output fibers, so it can be inserted in series in any FBG
based sensing network.
The sensing principle is based on two FBGs that are actuated in a push-pull configuration by a pendulum mass, so that
for a given inclination one sensor experiences an increasing strain while the other experiences a decreasing strain. The
sensor is designed in such way that temperature changes are common to both gratings, so the compensation of this
effect is straightforward.

The designing of the sensor focused particularly the following aspects:
Reduction of the number of parts to a minimum;
Assembling process as simple and reproducible as possible;
Easy measurement range adjustment;
Isolation to vibration induced noise;
Strain relief of the input/output fibers;
Sensor safety during transportation;
Packaging suitable to outdoor utilization in civil infrastructures;
Long-term reliability.

Testing results were accordingly to our best expectations. The sensor response shows good linearity, with no hysteresis
and temperature effect is effectively compensated, even for large measurement times and temperature fluctuations.
Continuous readings at both indoor and outdoor conditions have been preformed for several days allowing us to con-
firm the sensitivity and resolution values determined from calculations: 465 pm/deg and <5 arcsec for a ±3 deg tilt
range. The measurement range can be set up to ±10 deg.
The tiltmeter will be released during the 1st quarter of 2007, and will be a newest member on the FiberSensing prod-
uct portfolio, which is continuously updating to provide costumers with a complete solution based on FBG sensors for
all structural health monitoring applications.

Francisco Araújo email: francisco.araujo@fibersensing.com
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Dan M. Frangopol Appointed to Khan Endowed Chair at Lehigh
University
Dan M. Frangopol has been appointed as the first holder of the Fazlur Rahman Khan Endowed Chair of
Structural Engineering and Architecture at Lehigh University and as a Professor in the Department of Civil and
Environmental Engineering within the P.C. Rossin College of Engineering and Applied Science. 

One of the foremost structural engineers of the 20th century, Fazlur R. Khan epitomized both structural engineer-
ing achievement and creative collaborative effort between architect and engineer. The Sears Tower (the tallest
building in the United States, and the tallest in the world until 1996) and the 100-story John Hancock Center in
Chicago are two of the many impressive structures Fazlur R. Khan designed during his short life (1929-1982).

Frangopol came to Lehigh In August 2006 from the University of Colorado at Boulder where he taught since
1983.   He received his doctorate in applied sciences from the University of Liège, Belgium. He also holds an honorary doctorate degree
from the Technical University of Civil Engineering in Bucharest, Romania. Before joining the University of Colorado, he worked for four
years in structural design with A. Lipski Consulting Engineers in Brussels, Belgium. Frangopol is an experienced researcher and consultant
to industry and government agencies both nationally and abroad. His main areas of expertise are structural reliability, structural optimiza-
tion, bridge engineering, and life-cycle analysis, design, maintenance and management of structures and infrastructures. He is a Fellow
of ACI, ASCE, and IABSE, Honorary Member of the Romanian Academy of Technical Sciences, and Past Chair of the Executive Committee,
Structural Engineering Institute, Technical Activities Division, ASCE. Frangopol is the author or co-author of about 400 refereed publica-
tions including books, book chapters, journal articles, and papers in conference proceedings. He is also the editor or co-editor of 20 books.
Additionally, he has chaired and organized several national and international structural engineering conferences and workshops.

Frangopol is the Founding President of the International Association for Bridge Maintenance and Safety (IABMAS) and Past Director of the
Consortium on Advanced Life Cycle Engineering for Sustainable Environments (COALESCE). He currently serves as the Chair of the
Executive Board of the International Association for Structural Safety and Reliability (IASSAR). He is the recipient of several prestigious
national and international awards including the 2006 T. Y. Lin Medal, the 2005 Nathan M. Newmark Medal, the 2004 Kajima Research
Award, the 2003 Moisseff Award, the 2001 Croes Medal, and the 2001 IASSAR Research Prize.  Frangopol is also the Founding Editor-in-
Chief of Structure and Infrastructure Engineering an international peer-reviewed journal, included in the Science Citation Index, dedicated
to advances in maintenance, management and life-cycle performance of a wide range of structures and infrastructures. 

STRUCTURE and INFRASTRUCTURE ENGINEERING, the
international peer-reviewed journal endorsed by ISHMII, has
been included in the Science Citation Index!

Structure and Infrastructure Engineering has been accepted
by Thomson ISI for inclusion in the Science Citation Index.
The title will be added to both the Science Citation Index
Expanded™ (Web of Science) and the Current Contents® -
Engineering, Computing & Technology databases, with cov-
erage starting from Volume 1, Number 1 (2005). The
Journal will receive its first Impact Factor for 2007, the result
of which will be released in June 2008. 

This is a huge achievement for the journal and the decision
is testimony of the journal's strength in the engineering com-
munity. The Editor-in-Chief, the Technical Editor, the
Managing Editors, and Taylor & Francis would like to thank
all the authors, editorial board members, and reviewers who
have contributed towards this success since the Journal's
launch in 2005.

Structure and Infrastructure Engineering is currently also
abstracted and indexed in the Asian Science Citation Index -

Applied Sciences Abstracts; British Library Inside; Cambridge
Scientific Abstracts; Construction and Building Abstracts;
EBSCO Databases; Emerald International Civil Engineering
Abstracts; INSPEC®; New Jour and Zetoc.

We hope that all ISHMII members will continue to consider
Structure and Infrastructure Engineering for the publication of
future research papers. Full instructions for authors including
a Word and LaTeX style guide can be found on the Journal's
homepage at 

http://www.tandf.co.uk/journals/titles/15732479.asp   
or   www.informaworld.com/sie

Dan M. Frangopol, Editor-in-Chief      
Hitoshi Furuta, Managing Editor for Asia and Pacific
A. Emin Aktan, Associate Editor
Meloney Bartlett, Publisher, Science & Engineering Journals

STRUCTURE & INFRASTRUCTURE ENGINEERING ACCEPTED IN CITATION INDEX
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Dr. Emin Aktan, Dr. Yozo Fujino, Dr. Jan-Ming Ko and Dr. Urs Meier are the founding members of the society. At a meeting at
EMPA in Switzerland on 24 July 2003, the International Group on the Structural Health Monitoring was established. The objec-
tives and work plan of the Group were established. Eventually the Group agreed to form the ISHMII society. Dr. Farhad Ansari,
chair of the advisory committee of the ISHMII council, has devoted a great deal of time and effort to help in the establishment of
our Society. His help has been invaluable in organizing ISHMII and ensuring that we meet our goals. Dr. Baidar Bakht has made
tremendous contributions in Canada to ensure that SHM has become a part of the Canadian Highway Bridge Design Code.
This particular development will lead to ISHMII being very active and strong in Canada. 

It is with great pleasure that we congratulate our first founding fellows of the ISHMII Society.

First Founding Fellows Announced 
Dr. Aftab Mufti, president of ISHMII, is pleased to announce the election of the 
first fellows of the ISHMII Society: 
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Dr. Emin Aktan 
Dr. Aktan is the John Roebling Professor of
Infrastructure Studies, Director of the Intelligent
Infrastructure Institute, and Co-ordinator of the
Structures Area at Drexel University, Philadelphia.

Dr. Farhad Ansari
Dr. Farhad Ansari is a professor and Head of
the Department of Civil and Materials
Engineering at the University of Illinois, Chicago.

Dr. Baidar Bakht 
Dr. Bakht is President of JMBT Structures Research
Inc. Toronto, and is also an Adjunct Professor of
Civil Engineering at the universities of Toronto
and Manitoba. 

Dr. Yozo Fujino 
Dr. Fujino is a professor for the Department
of Civil Engineering at the University of Tokyo
and Vice President of the International
Society of Stuctural Health Monitoring of
Intelligent Infrastructures.

Dr. Jan-Ming Ko 
Professor Jan-Ming Ko is the Vice President (Research
Development), the Chair Professor of Structural
Engineering, and Director of PolyU Technology &
Consultancy Company Ltd., SMILE Technologies Ltd.
and PolyU Research Ltd. of The Hong Kong
Polytechnic University.

Dr. Urs Meier
Professor Meier is the Managing Director of
the Swiss Federal Laboratories for Materials
Testing and Research (EMPA).
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