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 Letter From the Editor-in-Chief 

  
  

Dear Society Members and Colleagues; 
  

Transportation infrastructure is booming in emerging countries such as China 

and India, while developed countries like the United States are struggling to 

keep up with the needs of existing infrastructure due to constrained 

resources.  I visit my family in India every couple of years and am always 

amazed at the changes in infrastructure development and construction that 

happen within these intervals.  Recently, I had an opportunity to observe and 

discuss transportation infrastructure development in China with engineers and 

researchers during an international conference. Attendees visiting China for the first time commented 

with surprise how quickly projects are completed in comparison to the US and elsewhere. There, about 

95% of the bridge infrastructure is built using concrete while developed countries are having trouble 

inspecting and maintaining concrete structures. Inspection and evaluation guidelines, quality control 

and assurance procedures are in their infancy, similar to what was true in the US a few decades ago. 

This contrast between developed and emerging countries provides us with a great opportunity to learn 

from each other, especially in the area of the long-term performance of structures that use accelerated 

construction techniques and new designs and materials. These experiences and conversations will be 

useful as we modify and devise construction methodologies.  I expect that emerging countries can learn 

about the issues they will face 20 to 30 years from now and be better prepared to handle infrastructure 

evaluation, preservation, maintenance, and rehabilitation. 
 

Realizing this, there are numerous technology transfer efforts to accomplish this exchange of 

knowledge.  I was part of one such effort recently, representing the American Association of State 

Highway and Transportation Officials, and share more information in a report, below.  Given that SHM 

can play a major role, it is not a surprise that the event was attended by some ISHMII Council 

members, including President Dr. Farhad Ansari.   
 

This issue of The Monitor presents six interesting articles. 
 

Invention and adoption of relatively less-expensive wireless sensors combined with internet and remote 



sensing technologies and decision-making tools have the potential to reduce costs associated with the 

SHM of bridges.  Sean O'Connor, Jerome Lynch and their colleagues in a collaborative effort between 

the University of Michigan and industry partners present such an integrated system used to monitor a 

bridge in Michigan in their research report, “Permanent Wireless Monitoring System on the 

Telegraph Road Bridge for Bridge Health Assessment.” The effort includes instrumentation, 

analysis, testing, and development of a decision-tool chest for the owners. The key to any SHM project 

is utilization of the data by the owners for effective bridge management. I invite the authors to keep our 

readers informed of the success of the decision-making tools once they are operational. 
 

Designing an SHM system requires a multidisciplinary effort to make sure it serves the purpose 

intended during its entire design life.  Thus, system behavior under environmental hazards, including 

the frequency and magnitude to which the structure and the data acquisition system are exposed, 

system maintenance, data management, replacement of components, and more, all should be carefully 

considered.  Peter Furtner and his colleagues present the efforts that went into designing a 

comprehensive system in “Structural Health Monitoring of the Signature Bridge, Wazirabad, 

India.” I commend their efforts and encourage all readers to consider using it as a good reference 

during the design of SHM systems. 
 

Nondestructive testing and monitoring is used extensively in pavement applications, so I am glad to 

introduce the research of Francisco J. Carrión and colleagues in "Case Study: SHM of a Continuous 

Reinforced Pavement.” This team presents the monitoring performance of a two-layer steel bar 

continuously reinforced concrete pavement (CRCP) as an alternative to Portland Cement Concrete 

pavements in Mexico. Based on one-year monitoring of the 300 m long test section, they conclude that 

the long-term performance of CRCP behavior is mainly influenced by thermal strains and the 

interaction between the concrete slab and the base.   
  

Fiber reinforced polymer composite wrapping is increasingly considered by infrastructure owners to 

strengthen deteriorated concrete elements. Post-construction inspection of these elements has been an 

impediment to their wide adoption.  Thomas Schumacher and Erik T. Thostenson from the University 

of Delaware explore an alternative to traditional strain gages to monitor performance of these retrofits 

in their article, “Development of Carbon Nanotube-Based Sensing Layers for Structural Health 

Monitoring of Concrete Bridges.” This research shows excellent performance of the sensors in the 

developmental stages. 
 

Separating thermal strains from mechanically-induced strains has always been an issue when sensors 

are used to evaluate the long-term performance of structures. In some applications, thermal strains are 

much larger than the mechanical strains.  Brian J. Soller and his colleagues explore sensor temperature 

compensation of fiber optic sensors in their article, “Temperature Effects and Fiber Optics Sensors 

in Structural Health Monitoring Applications.” Their studies show that using a fiber Bragg grating 

sensor pair for thermally compensated strain measurements is not always sufficient and conclude an 

additional sensor to measure and correct for differences in temperature between the strain sensor and 

substrate as an effective and robust method for determining mechanically-induced strain.  

  

Last, an announcement. “China Introduces Design Standard for Structural Health Monitoring 

Systems” briefly describes recent SHM standards approved by the China Association for Engineering 

Construction Standardization and ready for implementation.  This effort was coordinated by Prof. 

Hong-Nan Li of Dalian University of Technology working collaboratively with industry and university 

partners.   
 

A Special Issue of the Journal of Civil Structural Health Monitoring focusing on the Australian 

Network of Structural Health Monitoring has been published.  ISHMII members may access the 

Journal through their account at ISHMII.org.  Thank you to our Australian members for their 

http://click.icptrack.com/icp/rclick.php?d=foSoxV_DrpD5DPDAzLgBwMTCJJ3QEO8Q&w=3&destination=http%3A%2F%2Flink.springer.com%2Fjournal%2F13349%2F3%2F2%2Fpage%2F1
http://click.icptrack.com/icp/rclick.php?d=foSoxV_DrpD5DPDAzLgBwMTCJJ3QEO8Q&w=3&destination=http%3A%2F%2Fwww.ishmii.org


contributions to this Special Issue. 
  

On behalf of The Monitor team, Nancy and I wish you all a happy summer.  If you are on vacation or a 

project trip during the summer and interested in sharing a great picture with the entire ISHMII family, 

send Nancy or me an email with the photograph and a few words to go with it. We will be glad to 

include some of those in the November 2013 Monitor. 
  

Sreenivas Alampalli 
Sreenivas.Alampalli@dot.ny.gov 

  

  

Articles published in The Monitor may be cited as follows:  Name(s) of the authors, (Year), 
“title of the article,” The ISHMII Monitor, Vol. No., Issue No., pp. 
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 Permanent Wireless Monitoring  
System on the 

Telegraph Road Bridge for  
Bridge Health Assessment 

 

Sean M. O’Connor and  

Jerome P. Lynch, Ph.D. 

Department of Civil and Environmental 

Engineering, University of Michigan 

Mohammed Ettouney, Ph.D. 

Weidlinger Associates, New York, NY 

Gwen van der Linden, Ph.D. 

SC Solutions, Sunnyvale, CA 

    Sharada Alampalli, Prospect Solutions,  

                   Loudonville, NY 

  
  

 

Wireless sensor technologies offer inexpensive sensors that can be installed in bridges with great ease. 

Permanent wireless monitoring systems provide bridge response data from which bridge behavior can be 

understood and structural conditions assessed. This study presents a permanent wireless structural 

monitoring system under development at the University of Michigan that is deployed on the Telegraph 

Road Bridge in Monroe, Michigan to showcase the reliability of wireless sensors in harsh field 

conditions and prove their effectiveness in aiding bridge owners in their decision-making. 
 

The Telegraph Road Bridge (TRB), owned and managed by the Michigan Department of 

Transportation, is a multi-girder concrete deck composite steel bridge built in 1973 that carries two lanes 

of I-275 northbound traffic.  Monroe is an area of southeastern Michigan that experiences extremely 

heavy trucks on its roads and bridges due to the region’s large manufacturing industry and its close 
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proximity to the Canadian border in Detroit.  The length of the TRB is approximately 224 ft. (68.28 

m).  It is designed with three main spans: the end spans are 48 ft. (14.63 m) long and span from the 

bridge abutments to support piers with their spans cantilevering 6 ft. (1.83 m) past the piers, while the 

main span of 140 ft. (42.67 m) suspends from the cantilevered ends of the wing spans using pin and 

hanger assemblies.  The bridge has 7 steel girders in composite action with an 8 in. (20.32 cm) 

reinforced concrete deck.  The bridge has a skew angle of 57 degrees. 
 

The TRB shows signs of deterioration from 40 years of service. The deck is severely cracked with 

potholes in its top deck surface.  There are fatigue cracks in the girder webs where transverse cross 

frames are welded to the girders.  In addition, some section loss has occurred in one girder on its lower 

flange immediately above its bearing. Other critical problem areas include the fracture-critical pin and 

hanger assemblies, which lack redundancy in their design.  Loss of composite action between the deck 

and the girders can lead to potentially unsafe conditions.   
  

 
Plan view of the Telegraph Road Bridge with details of the wireless monitoring system 

  

Three main parameters were measured by the wireless monitoring system: strain, acceleration and 

temperature.  Deck strain was measured to understand its response to truck loading and thermal 

variations.  Strain measurements through the height of the steel girder-concrete deck cross section were 

used to identify the neutral axis of the section and assess the degree of composite action.  Strain 

measurements were collected in four hanger plates to assess stress concentrations at the pins, axial strain 

under truck loading and flexural strain in the plate that would suggest locking in the pin-hanger plate 

interface.  Finally, accelerometers were used to provide dynamic response data for updating finite 

element models.   
  



    

Narada wireless sensor node (left) with the fully packaged wireless sensor node 

in a water-tight enclosure (right) 
 

A network of 37 Narada wireless sensor nodes, developed at the University of Michigan, was installed 

on the TRB along with  an on-site server to manage the sensor system.  The node provides 16-bit data 

acquisition on 4 independent channels and communicates wirelessly.  The Narada node, housed in a 

watertight enclosure, has a lead acid battery, sensor signal conditioning circuitry and power harvesting 

circuitry.  A multi-crystalline solar panel continuously recharges the battery.  In total, 15 accelerometers, 

50 metal foil strain gage sensors, 6 Bridge Diagnostics Intelliducers, and 6 thermistors are installed on 

the TRB.    
  

 
Solar panels on outer girder #7 surface shown with the monitoring system server (left) and 

wireless nodes magnetically mounted to steel girder flanges (right) 
 

Fourteen uniaxial (vertical) accelerometers positioned along the outside perimeter of the main span 

identify the modal parameters. A single tri-axial accelerometer is installed at the center of the 

bridge.  All acceleration signals are conditioned with a 25 Hz low pass filter and 5 times 

amplification.  These measurements provide a modal analysis of the bridge with modal characteristics 

used to update finite element models.   
  



Metal foil strain gages positioned along the height of the steel girders in 6 

locations measure axial strain in the beams due to bending. The strain gage sets 

were installed along girders #2 and #6 over each pier and at mid-span for the 

composite action assessments. Each strain gage was configured into a quarter 

Wheatstone bridge with 100 times amplification. Strain gages were also placed 3, 

27 and 51 inches from the bottom flange of the web.  Bridge Diagnostics 

Intelliducers installed on the bottom surface of the deck measure the strain 

directly above the points where the steel girder strain is measured. On the hanger 

plates, additional strain gages measure out-of-plane bending, in-plane bending 

and axial strain. 
  

Metal foil strain gages bonded to girder #2 at mid-span 

 

Bridge temperature is measured using three thermistors at each of two locations.  Those at the center of 

the bridge at girder #4 measure the girder and deck temperature, while those at the outer bridge surface 

at the center of girder #7 take readings where there is direct southern exposure during the day.   

The sensing nodes are managed by a base station consisting of a PC-104 single board computer with 

wireless connectivity to the sensor nodes, a lead acid rechargeable battery and a 3G USB cellular 

modem.  The base station is fully powered by a 12V multicrystalline solar panel.  The server system, 

encased in a large water tight enclosure, is mounted to the south fascia of the bridge deck.  Data is 

collected by the computer and stored until it is transmitted to a server at the University of Michigan by 

cellular modem.  The complete wireless monitoring system is configured to record bridge data on a user-

defined schedule.  Acceleration data is sampled at 200 Hz and strain and temperature data is sampled at 

100 Hz. System end-users can remotely connect to the bridge base station to implement data collection 

strategies.     
 

To propel the sensor data into the realm of decision-making, a computational framework aggregates data 

and extracts information pertinent to bridge management. Towards this end, the bridge wireless 

monitoring system is part of a larger Internet-based cyber-environment constructed in two tiers.  The 

lower tier contains the wireless sensor network at the bridge that is dedicated to collecting response data 

and environmental data.  The upper tier, which is remotely accessible via the bridge’s 3G cellular 

connection, operates around a centralized data repository called SenStore. This provides a database for 

the management of bridge data as well as a standardized platform for data sharing among data 

processing applications.  SenStore combines sensor data with bridge design information (e.g., geometric 

details, material properties) and its application programming interfaces permit data processing tools to 

extract the information it needs.  With data about the bridge stored in one database system, a complete 

decision-making tool set can be applied to bridge data to aid owners in critical management decision and 

in risk management.  This tool set is currently under development at the University. 
 

For further information, please contact Dr. Jerome Lynch at jerlynch@umich.edu. 
  

Pictured at the top: University of Michigan Transportation Research Institute (UMTRI) engineers 
drive UMTRI's instrumented tractor across the I-275 bridge over Telegraph Road in a series of 
tests.  Photograph by Dan Huddleson, UMTRI. 
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INDIA 

  

 

  

Structural Health Monitoring of the Signature Bridge, Wazirabad, India 

 

Peter Furtner, VCE Vienna Consulting Engineers, Vienna, Austria 

Danilo Della Ca’ Manager SHM, Mageba SA, Bülach, Switzerland 
Chinmoy Gosh, Project Manager, Mageba Bridge Products Pvt. Ltd., Kolkata, India 

  

With its dramatic semi-harp shaped cable-stayed design, the Signature Bridge under construction across 

the River Yamuna in Wazirabad, Delhi, will be Wazirabad’s most striking landmark. It has an overall 

length of 575 m and a main span of 251 m with a composite deck that contains three main girders with 

cross girders every 4.5 m.  Its 35 m wide steel-concrete composite deck will carry eight lanes of 

traffic.  The inclined steel pylon, 154 m high, will make an imposing addition to the skyline. The 

polygonal pylon provides the stress balance required to support the deck to a substantial extent.  Lifts 

and stairs provide access to the top of a pylon. 

 

The SHM system, by a joint venture of Mageba India, Mageba Switzerland and Vienna Consulting 

Engineers, and a data management system fulfill three purposes: SHM and damage detection, 

monitoring of weather loading (e.g. temperature, storms), and earthquake monitoring, with 

instrumentation systems that monitor the behavior, performance and condition of the bridge.  Given the 

environment, it requires industrial-grade components capable of continuous, uninterrupted operation. In 

fact, the system is designed to sustain partial damage with the undamaged parts remaining operational 

without loss of real-time or stored data.  Design assumptions are highly conservative to maximize the 

mean time between failures. 
  



 
  

        

Sensor layouts and summary of sensors included in the monitoring system 

  

One hundred and four sensors on 171 data channels will measure environmental, load and structural 

response factors. The signal acquisition solution includes signal capture, verification and temperature 

adjustment, conversion to digital format using 24 bit architecture, 1/1000 sec. signal time 

synchronization, signal transport and buffering.  Data processing will generate reports, prompt control 

actions and provide alarms.  And, the system will include data storage and a user-friendly interface to 

enable operational intervention and maintenance optimization, and support high-level analyses such as 

finite element analysis. The hardware and software can be engineered or replaced with commonly 

available alternatives in the future. 

 

The environmental conditions at the top of the pylon will be recorded at a weather station that will 



measure ambient temperature, relative humidity, precipitation levels, barometric pressure, and wind 

speed and direction. Wind speed and direction will also be measured at deck level by an ultrasonic 

sensor. 

 

Factors affecting structural members will also be assessed.  Hygrometers will measure the relative 

humidity and temperature inside the hollow sections of the deck structure and the level of corrosion in 

the pylon base structure will be monitored using embedded chloride ion and corrosion sensors. 

 

Seismic events will be measured at the pylon base by 3D high-definition accelerometers placed in each 

leg plinth. 

 

Natural vibrations will be measured by 3D-accelerometers that can be relocated along the structure to 

provide total coverage on a cyclical basis.  Load factors and traffic data will be recorded by laser 

analyzers. Traffic congestion, accidents and other anomalies will be captured by a video surveillance 

unit featuring color cameras capable of recording 30 frames per second and night-time usage. 

 

Strain in the pylon will be measured by welded strain gauges, while strain in the deck girders will be 

measured by bolted strain gauges, all compensated for the temperature. 

 

Stay cable forces will be measured by weather-proof electromagnetic sensors that are 

telecommunications shielded and placed on the longest, shortest and medium length cables of each set of 

cables – two sets on the main span and one on the back span.  Cable vibrations will be recorded by 

moveable 3D-accelerometers to assist in the calculation and verification of damping and the assessment 

of changes in harmonics. 

 

The tilt of the deck on each span and of the pylon will be measured by inclinometers, while the 

displacement of the deck by strain gauges at the expansion joints. 

 

The data acquisition unit is based on industrial grade compact PCI systems with dual-core CPUs, 

running software that controls sensor functions and provides measured data with source and time stamps 

to allow synchronization.  The air-conditioned master station is equipped with independent time sources 

(GPS) to ensure self-sufficiency should connection to the local network be lost. This ensures 

preservation of records during critical events as does the system’s uninterruptable power, which will 

protect against fluctuation and voltage peaks in the public power supply. The battery capacity will 

guarantee power during a two hour interruption.   

 

The wireless data connection can operate over five kilometers. This enables real-time data transmission, 

independent of mobile telecommunication service providers. 
  



 
Data transmission 

 

Data presentation is controlled by a local monitoring data server connected to the internet that is capable 

of processing, managing and presenting data from any monitoring system that might be connected to it 

in the future. 

 

User-friendly, the intuitive user interface will be accessible at anytime from anywhere in the world.  It 

enables a user to view any data or input condition and event values or instructions for personnel, and 

receive alarms.  High frequency data is displayed in clear graphics (e.g. mimic panel format). 
 



 
“Cockpit” of user interface 

 

A live view function allows real-time access to the high-frequency measurements, and the user interface 

enables the download of measured data and results for any time period or access a monthly summary 

report on environmental conditions and bridge behavior and performance. Reporting can be adjusted to 

cover other intervals, and security measures are in place for secure distribution. The data can be 

exported in graphic form or tabular format for ease of analysis. 

 

In the control room, the interface will be displayed on a digital signage technology suite of six 

wide-screen LCD monitors to improve screen performance, lower the total cost of ownership and 

enhance display management.  It also offers real-time data viewing, table-based data viewing, historical 

data file browsing and a configuration interface for alarm levels and notification emails.  For the user’s 

convenience and flexibility, mageba provides an application allowing the user to view monitoring with 

data tablet computers. 

  

Smooth delivery, installation and operation of the SHM system will be ensured as the system will be 

pre-assembled at the factory for testing, the initial calibration of the sensors, creation of quality control 

documentation, and final updates of pre-installed PC and server operating systems. 

 

Installation will take about 16 weeks, followed by the final calibration of sensors and a function test to 

check the horizontal fixation of tilt sensors, subtraction of static offset values of accelerometers and 

similar tasks.  Operation and maintenance training will follow.  Finally, a comprehensive maintenance 

package is included covering a period of five years from completion of installation. 

 



The automated monitoring system that will be installed on the Signature Bridge will provide enormous 

amounts of information to ensure that an assessment of the conditions to which the bridge is subjected 

and the structure’s condition and performance can be carried out precisely with minimal effort.  This is a 

good example of the type of comprehensive service which can be provided by modern SHM systems, if 

sensibly conceived, detailed and implemented. 

 

For addition information or to discuss this research report further, please contact Peter Furtner at 

furtner@vce.at, Danilo Della Ca’ at DDellaCa@mageba.ch or Chinmoy Gosh at cghosh@mageba.in.   
  

The full paper with additional detailed graphics is available through the ISHMII.org Knowledge and 

Information Center under Case Studies (India): Read Signature Bridge Case Study. 
  

Pictured at top: Wazirabad’s new Signature Bridge – currently under construction 

  

  
  

MEXICO 

  

Case Study:  SHM of a Continuous 

Reinforced Pavement 

 

Francisco J. Carrión Ph.D.,  
Juan A. Quintana Ph.D.,  

Saúl E. Crespo, and Paul Garnica, Ph.D. 

Instituto Mexicano del Transporte, México 

  

  

The increasing traffic and the higher loads on the Mexican highway system are demanding bridges and 

pavement structures with higher specifications, quality and performance.  Since the last decade of the 

20th century, the most important roads have been built with Portland Cement Concrete (PCC) 

pavements and, nowadays, highways with annual average daily traffic of more than 15,000 routinely 

have concrete pavements with a slab thickness between 0.25 to 0.30 meters. An alternative to the PCC 

concept has been proposed for these high volume highways: a two-layer steel bar continuously 

reinforced concrete pavement (CRCP).  In this case, the concrete slab thickness is about 0.18 meters and 

the estimated initial cost is 28% less than the PCC pavement, with a similar long-term structural 

performance and maintenance cost. 
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Diagram of the experimental CRCP highway section 

  

The Experimental CRCP Highway Section:  The basic design of the CRCP is based on an 18 cm thick 

slab with two steel grids: the lower located 3 cm from the base and the upper at 6 cm from the top. The 

compression resistance specification for the concrete was 300 Kg/cm2, and the reinforcing was specified 

as Grade 60 steel.  For this research, the 300 meter long test section was located in a 3 lane highway that 

experiences 26,737 vehicles per day. The steel grids were different: the lower are designed with more 

bars to take tensile forces, while the upper would take only compression forces. Two different bases 

were considered; the first, where granular compacted material was added (hydraulic base), and the 

second, with 5% cement stabilized material (stabilized base). 
 

    

Installation of fiber optic sensors 

  

Monitoring System:  For long-term monitoring with embedded sensors in the concrete pavement, fiber 

optic sensors were used.  This included 26 strain gages, 2 accelerometers and 5 temperature sensors to 

measure temperature gradients as temperature was an important consideration. 
  



    

Measurements of live loads due to heavy traffic 

 

Performance of the CRCP Section:  The first evaluation of the CRCP pavement considered and 

analyzed data that included the known axle loads from a heavy duty vehicle, at different times during the 

day. Effect of temperature on both the hydraulic and stabilized bases was evaluated. In this case, due to 

the temperature changes, different responses were observed at varying times of day. 

 

After one year of monitoring, the fiber optic (FO) sensors proved to be reliable and an excellent 

alternative for pavement structural monitoring using embedded sensors. Since FO sensors do not need 

recalibration, the concrete slab deformations can be measured for long time along with associated 

deterioration.  The strain and temperature sensors had an outstanding performance, but the 

accelerometers were not sensitive enough to the traffic. Acceptable vibration level measurements were 

obtained only from impact-deformation tests. 
 

 
Temperature profiles at different hours during one day  

  

As for the CRCP behavior, two main factors were found to be important in the evaluation of its long-

term performance.  The first is that the temperature gradients during one-day cycle showed that thermal 

strains have a higher fluctuation than the strains induced by the traffic loads.  The second is the 

interaction between the concrete slab and the base. 

 

For additional information on this research, please contact Dr. Francisco Carrion-Viramontes at 
carrion@imt.mx.  Visit the Instituto Mexicano del Transporte. 
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Pictured at top: Photograph from http://geo-mexico.com  
  

  
  

USA 

  

Development of Carbon Nanotube-Based Sensing Layers for Structural 

Health Monitoring of Concrete Bridges 

 

Thomas Schumacher, PhD., P.E., and Erik T. Thostenson, Ph.D. 

Center for Composite Materials, University of Delaware, Newark, DE, USA 

 

A research project at the University of Delaware is focusing on integrating carbon nanotube networks 

into composite layers to form structural and non-structural sensing layers that are capable of producing 

distributed real-time feedback on the structure’s performance. 

 

Reinforced (RC) and pre-stressed (PS) concrete bridges represent a large portion of the United States 

bridge inventory. These have proven to be inexpensive and efficient to construct, but have shown some 

deficits related to long-term durability.  Deficiencies in the bridge codes at the time when the bridges 

were built, together with increasing truck weights, have taken a toll on many of these bridges. As a 

result, many concrete bridges are put under load restrictions or have to be replaced before reaching their 

intended service life. One response is to strengthen load-deficient bridge elements using composite 

materials such as glass fiber reinforced polymer (GFRP) layers. 
  

 
Illustration of an integrated GFRP/CNT sensing layer in a shear retrofit project: PS concrete 

bridge girder (a) cross-section and (b) elevation view. 
 

Problems associated with these retrofit solutions are related to long-term performance and difficulties 

with respect to inspection, i.e. the composite layer relies on bonding with the concrete surface, which is 

extremely difficult to inspect after it has been applied. One solution may be to deploy a SHM system to 

verify the proper functioning of the retrofit and document the changes in the structural response related 

to loading or deterioration. Traditional SHM systems employ point-type sensors, such as strain gages or 

accelerometers that are mounted to critical locations on the bridge. One challenge is that these devices 

can cover only a finite number of points and selection of critical areas for monitoring remains subject to 

the owner’s expertise.  As an example, the strain gages will only capture cracking/debonding of the FRP 

layer if they are located very close to where these mechanisms occur. 



 

This sensing principle is based on the idea that carbon nanotube-based conductive networks can be 

integrated into a smart sensing skin that can be structural or non-structural.  As the nanotube network is 

strained, the nanotubes move away from each other and the electrical tunneling gap between the 

nanotubes increases, resulting in a large-scale bulk change in resistance. When the fibers in the 

composite are non-conductive, such as glass or advanced polymeric fibers, resistance changes are 

directly related to the accumulation of damage in the polymer matrix. 
  

 
Schematic showing the nanoscale structural changes in the sensing composite layer with 

increasing deformation. 
  

Preliminary experiments on a small concrete beam to prove the innovative concept of a structural 

composite sensing layer were conducted.. The externally applied fiber composite strip was bonded to the 

tensile side of the flexural specimen. The sensing layer consisted of a 50 mm wide 3-ply GFRP with 

dispersed CNTs to form a distributed piezoresistive sensing layer. The nanotubes are fully integrated 

into the sensing layer through depositing them onto the surface of the fibers. After integration into the 

textile structure an epoxy polymer is infused to create the sensing skin. 

     
Experimental setup for concrete beam with GFRP/CNT sensing layer:  

(a) during testing (three-point-bending) and (b) bottom face with reinforcing after failure. 

  
  

The data from the preliminary experiments verify the excellent performance and sensitivity of the 

GFRP/CNT sensing layer during the entire loading process. Noteworthy is the remarkable signal to 

noise ratio, which is comparable to the strain gage  despite the significantly larger sensing area. Not only 

was the sensor able to capture the deformation, but it also detected the concrete/composite interfacial 

debonding of the reinforcing strip, which manifested in a significant vertical off-set in the resistance 

curve. 



  

 
Data from proof-of-concept experiment:  (a) Applied force and mid-span displacement,  

(b) strain on GFRP strip at mid-span and bulk resistance between electrodes. 
 

Further work in this research includes development of non-structural sensing layers, development of 

methodologies to monitor full strain fields by employing multiple electrodes, application of CNT 

sensing layers to reinforcing bars and prestressing strands, and evaluation of those systems using full-

scale laboratory testing. 
  

For additional information, please contact Dr. Thomas Schumacher at schumact@udel.edu or Dr. Erik 

T. Thostenson at thosten@udel.edu. 
  

Visit the Center for Composite Materials. 
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Over the last few years, optical fiber sensors have seen an increased acceptance and widespread use for 

structural sensing and monitoring applications across many industries including civil engineering, 

aerospace, marine, oil and gas, composites, and smart structures with optical fiber sensor operation and 

instrumentation having become well understood and developed.  One of the most common applications 

is in strain sensing and a variety of discrete fiber strain sensors based on Fabry-Perot (FP) cavities and 

fiber Bragg gratings (FBGs) have been developed as well as distributed techniques based on Brillouin 

scattering methods.  However, one of the areas in need of further development and commercial maturity 

is sensor temperature compensation.   
  

In general, most fiber optic sensing devices display an intrinsic sensitivity to external parameters besides 

strain, such as temperature, pressure, radiation, and acoustic fields.  In this sense, without the proper 

sensor design, packaging and compensation technique, it is not possible to obtain accurate, repeatable 

and reliable strain readings due to temperature interference effects.  Users of fiber-optic strain gages 

have tried a variety of techniques to compensate for temperature changes during strain 

measurements.  However, few if any commercial solutions are available.  Most solutions are 

homegrown. A dearth of qualified, commercial sensor offerings has slowed the adoption of fiber-optic 

sensors in some areas.  Looking several decades back to the evolution of electrical foil strain gages, one 

can notice similar problems and limitations in their early years.  Nowadays, however, it is common 

practice and the norm, to use different means of temperature compensation on foil gages and a variety of 

commercial temperature-compensated gages are readily available commercially.  In a similar fashion, 

we expect that the technical and commercial evolution of fiber-optic strain sensor will follow a path, and 

that a full set of practical and reliable temperature compensated fiber strain sensors become available 

and widely used in the field over the coming years. 
 
 

The Indian River Bridge in Delaware, pictured at the top, is 
a modern suspension bridge with integrated fiber optic 
health monitoring system.  Custom designed displacement 
gages are installed along the expansion joints, fiber optic 
accelerometers are installed along each of the stay cables 
and tilt meters are placed inside the pylons and along the 
expansion joints. This picture shows a fiber optic strain 
gage mounted on rebar prior to concrete embedment. 
 

Fiber Bragg Gratings respond directly to both temperature and 

strain changes. This intrinsic sensitivity to both parameters grants temperature compensated FBG strain 

sensor in its standard form a functional and convenience advantage over other strain sensing 

technologies.  Because the optical sensor is typically not materially matched in coefficient of thermal 

expansion (CTE) to the measurement substrate, once compensated for internal thermal gage response the 

FBG sensor accurately reports total strain in the measurement substrate.  In contrast, a typical vibrating 

wire or foil strain gage only measures the mechanical strain component.  Additionally, since thermally 

compensated gages inherently provide integrated temperature measurements, total strain can be 

conveniently decomposed into either exact components of thermal and mechanical strains, or can be 

used to characterize the typical structural system thermal response and highlight deviations from that 

typical response. 

 

Most optical sensing thermal compensation expressions group sensor and substrate thermal effects into a 

single term and use a common temperature for correction of both effects.  Adherence to this 

methodology ensures that the user never computes the total strain in a measured substrate, and has 

limited visibility into: 

 
 



•    Real substrate thermal strains resulting from temperature changes, 

•    Error-inducing thermal gradients within the material or system, 

•    Errors in substrate temperature estimation, 

•    Errors in published substrate CTE estimates, or 

•    Affects on “perceived” substrate CTE (observed substrate thermal response) due to impacts  

      from other parts of the structure. 
  

   

Temperature compensated FBG-based strain measurement under a “no strain” condition 
assuming (a) that the temperature of the sensor and the temperature of the substrate are well 

matched and (b) using an additional temperature sensor mounted to the substrate specifically to 
correct for temperature difference between sensor and substrate. 

  

The figure above shows an example of  the incorrect assumption (a) that the sensor and substrate are at 

the same temperature.  With the use of an additional sensor that is well matched to the substrate 

temperature, (b) shows that this erroneous affect can be corrected. 

 

Accurate and robust temperature compensation is a critical element of the successful deployment of any 

strain sensing system.  For many real-world applications, the thermal component of total strain in an 

FBG-based optical strain sensor is inherently large relative to the purely mechanical component.  This 

makes temperature compensation techniques of critical importance when using FBGs.  Here we have 

shown that the common practice of using an FBG pair for thermally compensated strain measurements 

cannot always be considered sufficient.  We have shown that the use of an additional sensor to measure 

and correct for differences in temperature between the strain sensor and substrate is an effective and 

robust method for determining mechanically induced strain. 

 

Please direct your questions to Todd C. Haber at tchaber@micronoptics.com or Alexis Mendez at 

alexis.mendez@mchengineering.com. 
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China-U.S. Highway Technology Exchange Center Established  
  

Sreenivas Alampalli, Ph.D., New York State Department of Transportation  

Kelley Rehm, American Association of State Highway Transportation Officials 

  

 
  

The American Association of State Highway and Transportation Officials (AASHTO) and the China 

Highway and Transportation Society (CHTS) announce the establishment of the China-US Technology 

Exchange Center.  A formal announcement was made during the Sino-US Highway Technology 

Workshop at the CHTS International Highway Technology Summit (IHTS-2013) in Beijing.  The 

Technology Exchange Center, which will be overseen by CHTS, will soon include an information 

exchange website and will host meetings, webinars and related technology exchange events.  AASHTO 

will contribute significantly to this effort.  The Sino-US Highway Technology Workshop was attended 

by the US representatives from AASHTO, the Transportation Research Board and US Federal Highway 

Administration.  Chinese representatives were from CHTS, Chinese government agencies and 

universities.  
  

AASHTO was represented at the Summit by Kelley Rehm, Program Manager for Bridges and 

Structures, David Severns, Assistant Chief Structures Engineer, Nevada State Department of 

Transportation and Dr. Sreenivas Alampalli, Director of Structures Evaluation Services Bureau, New 

York State Department of Transportation.  Along with Ed Zhou, National Practice Leader – Bridge 

Instrumentation and Evaluation, URS Corporation, they met with the Chinese Research Institute of 

Highways (RIOH), a research organization that develops codes and specifications relevant to the 

transportation industry for an exchange on policy issues and technology. 
  

IHTS-2013 focused on inspection, maintenance, and management of bridges and tunnels, pavement 

technology, road environment and safety, and intelligent transportation systems.  The opening general 

session featured prominent Chinese engineers and policymakers as well as Mr. Kirk Steudle of 

Michigan, immediate past president of AASHTO.  
  

As part of the new collaboration, AASHTO organized the session on “State-of-the-art Methods and 

Technologies in Bridge Instrumentation and Monitoring.” Its speakers included Ed Zhou, Kelley Rehm, 
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David Severns, Sreenivas Alampalli, Jesse Grimson, Vice President, Bridge Diagnostics, Inc., and Dr. 

Hikaru Nakamura, Nagoya University, Japan.   
  

For more information on the Technology Exchange Center, please contact Kelley Rehm at 

KRehm@aashto.org   or Guan Nina of CHTS at ninee818@hotmail.com. 
  

Pictured at top:  Official representatives at Sino/US Highway Technology Workshop. 
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China Introduces Design Standard for  
Structural Health Monitoring Systems 

 

The first standard in the area of structural health monitoring in China, Design Standard for Structural 

Health Monitoring Systems (CECS 333: 2012), has been approved by the China Association for 

Engineering Construction Standardization.  It was implemented on March 1, 2013.  

 

The three-year project to establish the design standard was coordinated by Prof. Hong-Nan Li of Dalian 

University of Technology.  The team of scholars and practitioners who co-authored the Standard are 

from Dalian University of Technology, Dalian Jinguang Construction Group Ltd., Southeast University, 

Harbin Institute of Technology, Beijing University of Technology, The Hong Kong Polytechnic 

University, and Hehai University. 

 

The Standard was widely circulated among practitioners and researchers across China as a matter of 

consultation and was assessed by a review committee formed by the China Association for Engineering 

Construction Standardization prior to implementation.  

 

The Standard consists of seven chapters, two annexes, and explanations. The main contents are: 

1.    General 

2.    Definitions 

3.    Sensor Selection and Placement 

4.    Data Acquisition and Processing 

5.    Data Transmission 

6.    Data Storage and Management 

7.    Structural Condition Identification and Assessment. 
  

The design standards can be accessed through the CECS.  The Standards are currently only available in 

Chinese. 
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ISHMII INTERNATIONAL WORKSHOP & CONFERENCE 

  
  

CSHM-5 (2013)    October 24-26, 2013  

 
  

CSHM-5 focuses on the structural health monitoring and maintenance of short 
& medium-span bridges including rational health monitoring system using a 

moving vehicle (truck, bus, train, etc.) to collect data and maintenance 
strategies. 

 
CSHM-5 (2013) will discuss developing an IT-based bridge health monitoring 

system that incorporates the latest information technologies for lifetime 
management of existing bridges and how to manage a data collecting  

system designed for successful bridge health monitoring. 
 

 Information is available at    
 

http://civil.design.csse.yamaguchi-u.ac.jp/CSHM-5/index.html 
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6th International Conference on Structural Health 
Monitoring of Intelligent Infrastructure (SHMII-6)  

  

Make Your Plans to Attend! 

  

  Visit the SHMII-6 Website 
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SMAR 2013  
Istanbul, Turkey 

September 9-11, 2013 

  

2nd Conference on Smart Monitoring, 
Assessment and Rehabilitation of Civil 

Structures. 
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14-17 April 2014  
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