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ABSTRACT: This paper presents the characteristics of OSMOS monitoring system 

installed on an old Pony-Warren type bridge located at Coaticook in Quebec. The system is 

based on fiber optic technology and can measure static and dynamic effects simultaneously, 

with the same equipment. For this project, OSMOS long-based optical strand sensors were 

used to monitor the strain on the bridge. Load carrying capacity tests were conducted on the 

Coaticook Bridge to evaluate the response of monitored elements. A finite element model was 

built and calibrated by the static and dynamic load tests results to evaluate load carrying 

capacity factor according to CAN-CSA-S6-06 standard. Long-term monitoring is also assumed 

by OSMOS system. All the data is recorded and instantly accessible via internet. Each optical 

strand sensor is equipped with a distinct alarm, with which its triggering immediately transmits 

a message to the person responsible for the structure’s monitoring. It is then possible to detect 

any change to the structure’s integrity early-on and to follow its progression over time. 

1 INTRODUCTION 

Transportation Infrastructures Management presents a great challenge for public and private 

works owners around the world. In recent years the issue of infrastructures has become serious 

for both the government and the population. The governments face an increasing demand for 

new infrastructures or repair work to existing ones. Many bridges are damaged as a result of 

aging, in addition to severe climactic conditions, use of salt and de-icing products as well as an 

increase in overall traffic.  

Management of such situation requires proper planning tools and decision making in addition to 

repair work or effective reconstruction, and profitability. The evaluation procedures for the 

structural integrity of a bridge are in need of newer methods using practical monitoring systems 

(Howell & Shenton 2006). In many cases, monitoring remains a means to an end, but the 

treatment and data analysis of the structural evaluation is seldom exploited.  

OSMOS-Canada Inc. uses advanced technology for the monitoring of structures and uses it to 

efficiently evaluate the state of those structures, with the goal to provide managers with a 

decision making tool based on a better understanding of the integrity of structures.   

This paper presents the monitoring of an old bridge dated 1922, located at Coaticook in Quebec, 

using OSMOS technology. The Ministry of Transportation of Quebec wanted to monitor this 

bridge to study its structural integrity and to plan for the right time to replace it. The bridge is a 

Pony-Warren type steel bridge measuring 29m in length and 11.5m in width. Upon inspection 

of the bridge, it was determined that the bridge deck structure had damaged and some sections 

were actually in bad condition. Figure 1 shows a general view of the Coaticook Bridge.  
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Figure 1. Photo of the Coaticook Bridge 

2 PRESENTATION OF OSMOS TECHNOLOGY 

 

Founded more than 20 years ago in France, OSMOS and its unique optical strand technology 

dedicated to structural monitoring and monitoring engineering has quickly changed the existing 

methods used in the field in over 17 countries (USA, Canada, Germany, Austria, Switzerland, 

Belgium, the Netherlands, France, Great Britain, Denmark, Spain, Monaco, Russia, Japan, 

China, South Korea, Australia). This technology has been used in over 1000 applications around 

the world in various engineering fields.  

The OSMOS measuring system is founded on fibre optic technology, based on the principle of 

intensity modulation with analog attenuation measurement. This system can measure static and 

dynamic effects simultaneously, with the same equipment. All the data is recorded and instantly 

accessible via internet. At any given moment, the user can analyze the data collected on the 

dashboard panel, on their computer, their PDA or mobile phone, clearly and simply. Each 

sensor is equipped with a distinct alarm, with which its triggering immediately transmits a 

message to the person responsible for the structure’s monitoring. It is then possible to detect any 

change to the structure’s integrity early-on and to follow its progression over time. Figure 2 

presents a general description of the functionality of the system (Viano 2002).  

2.1 Static Measurement 

Individual measurement values are scanned at a rate of 100 Hz. An average value – the raw 

measurement value – is formed from these individual values over a configured measurement 

interval of 10 ms to 1000 ms and saved in a memory with a depth of 300 locations. The raw 

measurement data thus determined form the basis for calculating measurement values. 

The memory contains raw measurement data (attenuation and temperature) as well as 

measurement values (expansion and displacement). These values are used to continuously form 

the static average value. The static interval can range from 100 seconds to one day. Daily static 

average values are saved in a file 

2.2 Dynamic Measurement 

A dynamic threshold value is specified to the system for dynamic measurements at 1000 Hz. If 

a measured value exceeds this dynamic threshold value, the instantaneous contents of the 

memory, the raw measurement values until limit undershoot as well as the next 300 raw 
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measurement values are saved in a file. If a measurement value exceeds or falls short of the 

corresponding thresholds, messages can be generated via SMS, e-mail, fax or SNMP traps on 

request.  

2.3 OSMOS optical strand sensor 

The OSMOS optical strand is a long-based strain sensor comprised of three stranded fibre optic 

wires. This fibre optic sensor represents the “active” component of the measurement system.  At 

either end, the sensor is connected to a casing which is also used in the assembly.  One end of 

the sensor is connected to an optical cable connector which transmits the data entered to an 

opto-electronic converter “Opto-Box”.  At the other end of the sensor, an optical short circuit is 

created by connecting two fibres.  Due to the connection of the sensors to a regular fibre optic 

cable, the data (measurement signal) can be transmitted over very long distances without the 

need for either conversion or amplification. The optical strand is not sensitive to 

electromagnetic interference, which guarantees reliability and assurance of the highest possible 

standard of operation.  

The optical strand can be supplied in different configurations for surface mounting or 

integration in concrete, with sensor lengths varying between 0.5m and 10m, and a measurement 

precision of 2 µm. The functioning temperature of this sensor varies between -40°C and +60°C.  

 

 

Figure 2. Functionality of OSMOS System 

 

Figure 3. OSMOS Optical Strand Sensor 
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3 MONITORING OF COATICOOK BRIDGE 

3.1 Instrumentation 

A total of six OSMOS optical strands of 2m lengths were installed on the Coaticook Bridge 

steel chords. Three optical strands were installed on each of the two triangular beams of the 

bridge structure on the top and bottom chords of the half span and on the eastern diagonal side. 

Figure 4 gives the position details of the OSMOS sensors on the structure. All the sensors are 

connected to a data acquisition unit which records and processes the deformations in real-time. 

This data acquisition unit comes with a 40 GB hard drive and is also linked to a data base 

located at the company’s head office where the data is automatically stored.  A surveillance 

camera installed on the bridge site allows for the monitoring of traffic, which can in turn, be 

connected to the dynamic deformations recorded automatically by the OSMOS system. Figures 

5 and 6 show photos of the installation. 

 

Figure 4. Position of sensors on the structure 

 

Figure 5. Optical Strand ST-569 on the Diagonal 
Chord 

 

Figure 6. OSMOS Acquisition Data Unit 
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3.2 Evaluation of bridge's load carrying capacity  

To evaluate the response of monitored elements of the bridge, load carrying capacity tests were 

conducted on the Coaticook Bridge. A truck with gauged weights was used for the static and 

dynamic load testing. A ten-wheel, 24.65 ton truck with a load distribution of 18.15 tons in the 

back and 6.50 tons in the front was used.  

The static live load capacity test consisted in immobilizing the truck at the center of the 

instrumented span for lanes No. 1 and 2. The dynamic load carrying capacity test has been 

conducted using the same 10-wheel truck. It consisted in taking recordings in dynamic mode 

during the passage of the truck on each traffic lane, in both directions. Data acquisition was 

executed utilizing the same OSMOS sensors used during static tests. Truck crossings were 

performed at 50 km/h speed. 

Table 1 presents static and dynamic strain values recorded during load tests. The corresponding 

axial stresses in MPa computed using Hook’s law are given in parentheses. Figure 7 shows 

the graphic result of recordings obtained during dynamic load tests. We can see a good 

reversibility in results. Dynamic load carrying capacity tests have also allowed determining an 

average dynamic amplification factor of 1.20 and an average natural frequency of 4.4Hz.  

Table 1. Static and Dynamic Measurements Recorded by Optical Sensors 

Upstream 

top chord  

Upstream 

bottom 

chord 

Upstream 

diagonal 

chord 

Downstream 

top chord  

Downstream 

Bottom chord 

Downstream 

diagonal 

chord 
Type de 

test 

 
Lane 

Speed 

(km/h) St-651 

mm/2m 

(MPa) 

St-537 

mm/2m 

(MPa) 

St-455  

mm/2m 

(MPa) 

ST-641 

mm/2m 

(MPa) 

ST-661  

mm/2m 

(MPa) 

ST-569 

mm/2m 

(MPa) 

Static 

 

North 

(downstream) 
0 

-0.067 

(-6.7) 

0.037 

(3.7) 

0.042 

(4.2) 

-0.165 

(-16.5) 

0.111 

(11.1) 

0.114 

(11.4) 

Dynamic 
North 

(downstream) 
50 

-0.082 

(-8.2) 

0.042 

(4.2) 

0.054 

(5.4) 

-0.178 

(-17.8) 

0.113 

(11.3) 

0.144 

(11.4) 

         

Static 

 

South 

(Upstream) 
0 

-0.170 

(-17.0) 

0.091 

(9.1) 

0.103 

(10.3) 

-0.070 

(-7.0) 

0.045 

(4.5) 

0.056 

(5.6) 

Dynamic 
South 

 (Upstream) 
50 

-0.190 

(-19.0) 

0.105 

(10.5) 

0.117 

(11.7) 

-0.088 

(-8.8) 

0.057 

(5.7) 

0.071 

(7.1) 

 N.B. negative values mean compression 

The finite element model was built using SAP2000. The 3D model was composed of finite 

element grids of “beam” type (see Figure 8); the resulting model was calibrated by the static and 

dynamic load tests results, and we were able to evaluate the deformations due to a 

corresponding standard theoretical truck load CL-625, as per Canadian Highway Bridge Design 

Code (CAN/CSA-S6. 2006). These steps would determine the load carrying capacity factor of 

the structure. This evaluation was performed in accordance with Chapter 14 of the “Canadian 

Highway Bridge Design Code” CAN-CSA-S6-06.  

The live load capacity factor is calculated as follows: 

(1) 
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U R = weighted strength for the analyzed member 
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αD D = weighted impact from all dead loads 

αA A = weighted impact from additional loads (for example: wind pressures, weight of backfills, 

impacts from earth pressures, concrete creep, shrinkage and temperature) 

αLL (1 + DIC) = weighted impact from road loads amplified by the dynamic increasing 

coefficient (DIC); 

U = strength adjustment factor 

αD = load factor for force effects due to dead loads 

αA = load factor for force effects due to additional loads 

αL = load factor for force effects due to live loads 

F > 1.0 the structure is able to support more than the traffic load considered   

F = 1.0 the structure is able to support the traffic load proposed without more  

F < 1.0 the structure can only support one fraction of the traffic load proposed. This fraction is 

given by the factor F (F time the traffic load) 

 

 

Figure 7. Passage of the Test Truck on the South and North Lanes 

After the analysis, a minimum load carrying capacity factor F of 0.74 was obtained. This value 

reduces the load of the vehicles on the bridge to the following loads: 

Passage on the South 

lane  

Passage on the North 

lane 
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Figure 8. SAP2000 3D  F.E. Model, Grid Type 

3.3 Behaviour under service conditions 

Figure 9 shows recordings from the installed optical chords, obtained between October 31, 2007 

and February 13, 2008. (Refer to figure 4 for sensors location). 

It was evident that strain follows temperature variations. For dynamic recordings, the system 

was configured to trigger a 2-minute dynamic recording in the case where the amplitude of 

strain on sensors would exceed 0.01 mm/2m. Figure 10 illustrates an example of the response of 

sensors to dynamic events. This figure represents details of two dynamic recordings of the 

passage of a vehicle on the North lane and of another vehicle on the South lane. 

The long-term monitoring approach for this bridge was based on determining the live load 

distribution factors and peak strains (Cardini & DeWolf 2009) 

3.4 Estimation of the number of vehicles passing on the bridge 

The OSMOS monitoring system installed on the Coaticook Bridge allowed conducting dynamic 

event counts on each sensor (Viano 2008). Based on results from load carrying capacity tests 

(25-ton truck), we could estimate the number of vehicles passing on both traffic lanes and 

weighing over 10 tons. 

Figure 11 shows a distribution of vehicles as function of their loads between October 31, 2007 

and February 13, 2008. The system can also present load-exceeding periods for the two traffic 

lanes. 
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Figure 9. Recordings of sensors from October 31, 2007 to February 13, 2008 

 

Figure 10. Example of Automatic Recording for Dynamic Data  
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Figure 11. Estimation of the Distribution of Vehicles Exceeding 10 Tons 

CONCLUSION 

OSMOS monitoring system installed on Coaticook Bridge has been described. The system 
is based on fibre optic technology and can measure static and dynamic effects simultaneously, 

with the same equipment. 

Six optical strands sensors have been used to monitor strain on the Bridge. Static and dynamic 

live load capacity tests have been conducted on the bridge to assess its behaviour. 

Results showed a good reversibility, translated into an elastic behaviour. Dynamic load tests 

have allowed determining an average dynamic amplification factor of 1.20 and a natural 

frequency of 4.4 Hz. 

A SAP2000 finite element model was built and calibrated by the static and dynamic load test 

results to evaluate load carrying capacity factor according to Chapter 14 of CAN-CSA-S6-06 

standard. Analysis showed a minimum F load carrying capacity factor of 0.74. This value 

reduces the load of the vehicles on the bridge. 

A long-term monitoring of the bridge was performed using the OSMOS system. Alarm 

thresholds have been defined to make sure the structure behaves according to conclusions from 

load carrying capacity tests. 

An estimate of the number of vehicles passing on the bridge and weighing over 22 tons has 

been realized. This estimate gives an average of 53 vehicles/day exceeding 22 tons.  
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