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ABSTRACT: This paper reviews the current status of SHM for bridge in Korea. The evolution 
of bridge monitoring system in Korea can be classified into 3 generations in terms of developing 
stage and functionality, which places Korea today as one of the leading countries in bridge 
monitoring system along with the progresses realized in the domain of IT for infrastructures. 
Several examples of accidents or events that occurred in instrumented bridges are presented to 
highlight eventual insufficiencies of current SHM systems. In addition, recent applications like 
the retrofit of the SHM system of Seohae Bridge, and new systems installed in long-span cable 
supported bridges under construction as well as current R&D trends are also addressed. A series 
of technical and non-technical issues are discussed for future R&D directions and the 
advancement of SHM for bridges, which include the lifecycle cost and performance of SHM 
system, the effective and practical exploitation of accumulated data, and the balance between 
engineering practice and public need.  

1 INTRODUCTION 

The construction sector has been the backbone of the economic development of Korea and 
played a strategic role in its transformation from an agrarian economy to a modern industrial 
power within three decades, which industrialized countries took almost a century to achieve. 
Social infrastructures including roads, railways, airports, harbors and bridges were restlessly 
built to support the industrialization and stabilization processes of the country. During this 
period, Korean engineers realized outstanding advances that resulted in the construction of the 
transportation network involving today a total of 22,937 bridges of which numerous cable-
supported bridges with Youngjong Bridge (2000), the first three-dimensional self-anchored 
suspension bridge in the world. In the years to come, world-ranking bridges like Incheon 
Bridge, a cable-stayed bridge with main span of 800m, and Gwangyang Bridge, a suspension 
bridge with main span of 1,545m, will also be completed and become landmarks of our 
technology level. 

Meanwhile, Korea recognizing the importance and necessity of maintenance system for bridges 
has adopted bridge monitoring systems since early of 1990s. Existing bridges were at first 
instrumented in order to collect field data for design check and long-term monitoring. Along 
with the rapid and massive progresses made in the domain of IT technologies for infrastructures, 
complete and integrated monitoring systems were systematically installed in all major bridges 
since 2000 in Korea, which can be seen today as one of the leading countries in bridge 
monitoring. Continuous efforts have been and are being deployed to enhance structural health 
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monitoring (SHM) of bridge structures and numerous researches are being conducted on 
emerging smart technologies. Such ongoing efforts are dedicated to realize future full 
integration of monitoring systems to produce bridges providing real-time continuous sensing, 
remote sensing, self-diagnosis and decision-making functions with a lifetime perspective. The 
collected database is currently exploited for diverse purposes such as maintenance, evaluation of 
structural behavior, system identification and feedback for future constructions. 

Despite of such achievements, the exploitation of monitored data remains partial and limited 
regard to the tremendous volume of raw data. Since interpretation of data and rating of bridge 
health are rather subjective, research should be devoted to provide data processing and analysis 
tools enabling engineers to quantify structural responses and achieve qualitative decisions. 
Moreover, most of current damage detection schemes being based on frequency responses, this 
huge volume of data is used for global assessment of the bridge health but fails to detect local 
damage due to the loss of information provoked by modal approaches. New approach should be 
implemented for efficient detection of local damage using emerging techniques like sonic wave 
for tension measurement in cable, active sensing for cracks, detection of bolt relaxation, etc., 
since most of bridge failures occurred through the local failure of individual elements or 
connections. Trade-off should thus been achieved between the system level and element level to 
combine global and local monitoring schemes by using global monitoring for continuous health 
assessment and local monitoring at hot spots identified among the vulnerable members of the 
structure.  

Another feature is the high cost of SHM systems involving initial cost for the installation and 
hardware and maintenance cost of the SHM system itself. An ideal system should provide 
durability comparable to the lifespan of the monitored structure while allowing reliable sensing 
and diagnosis and being adaptable to new sensing technologies. Therefore, a solution should be 
provided considering the lifetime of the system, which can be accomplished through relevant 
guidelines or specifications complying with international standards as well as local 
circumstances.  

In order for SHM systems to be fully implemented, non-technical issues shall also be solved. 
For example, there has always been a gap between the owner’s viewpoint and engineer’s 
viewpoint. Owners are often skeptic about the cost-benefit brought by SHM system and 
reluctant to release monitoring data. Public consensus is also an obstacle to be overcome since a 
majority of people are still doubtful of the necessity invest huge budget for the monitoring of 
bridges. However, reminding the recent bridge collapse in USA, the inventory of bridges 
needing immediate repair or replacement has revealed the urgency to implement innovative 
method for the monitoring of aging short and medium bridges all over the country.  

Accordingly, this paper reviews briefly bridge monitoring activities in Korea and recent 
applications like the upgrade and renewal of the SHM system of Seohae Bridge in order to 
derive issues and corresponding future R&D directions for the advancement of SHM for 
bridges.  

2 REVIEW OF BRIDGE MONITORING ACTIVITIES IN KOREA 

The design lifetime of most bridges is now going beyond 100 years, which is stressing the 
importance of issues related to their lifetime and durability. Accordingly, active development 
and applications of SHM systems for major bridge structures are continuously conducted to 
sustain such lifetime perspective in terms of safety, durability and performance. Modern and 
integrated monitoring systems are actually introduced in newly-built bridge structures since the 
design stage and are providing automatic measurement to monitor their behavior during 
construction in field as well as to assess their long-term lifetime. Efforts tending towards the 
increase and upgrade of the monitoring efficiency and performance through sensor-based bridge 
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monitoring systems are also continuously undertaken to provide advanced innovative functions 
(Koh et al. 2008). 

The initiation of the development and application of SHM for bridge structures in Korea started 
since early 1990s owing primarily to the successive collapses of Haengju Bridge during its 
construction and Sungsu Bridge in 1994, only 15 years after its completion. These collapses 
urged the public recognition of the importance of the management of bridges and the potential 
devastating disruption of infrastructure systems due to manmade and natural hazards. These 
events together with the increasing number of deteriorated bridges built during the 
industrialization boom of 1970s led the governmental authorities to issue more stringent 
requirements on bridge management and operational programs, including systematic visual 
inspection, instrumentation, load capacity tests and field measurements for design and 
construction verification, and long-term performance monitoring and assessment (Koh et al. 
2005). 

The evolution of bridge monitoring system in Korea can be classified into 3 generations in 
terms of developing stage and functionality, which places Korea today as one of the leading 
countries in bridge monitoring system along with the progresses realized in the domain of IT for 
infrastructures.  

The systems pertaining to the first generation are characterized by a stand-alone field system 
consisting of sensors, field hardware and online transmission to a computer on field. Typical 
examples of the first generation of SHM system for bridges in Korea are Namhae Bridge 
(128+404+128m), the first suspension bridge in Korea and built in 1973, and Jindo Bridge, a 
three-span (70+344+70m) semi-harp cable-stayed bridge completed in 1984. These first 
applications were realized on existing bridges in order to collect field data through full loading 
tests or ambient vibration tests (Koh et al. 2008). The purposes of these first systems were to 
monitor the structural integrity based on measured data for cable tension, tilting of main tower, 
vibration of girders and local strains, to construct database on the bridge responses and the 
characteristics under various loading conditions such as traffic, wind, earthquake and 
temperature, and to verify the original design and identify long-term deteriorating rate to 
prevent further loss of load carrying capacity. 

In the second generation, this stand-alone system evolved onto an overall bridge management 
integrated system involving two kinds of integration: operational integration where multiple 
stand-alone systems operate together and, functional integration where bridge monitoring 
system operates with different systems such as bridge management system (BMS) or vehicle 
monitoring system (Koh et al. 2003). Unlike those installed in existing bridges where 
conventional sensors, loggers and transmission methods were used and individual systems 
served each bridge independently, the second generation of SHM for bridges integrates modern 
technologies from sensing to processing through the adoption of advanced techniques such as 
sensing, communication by fiber optic cable, wireless data transmission, and internet-based 
remote acquisition and control as part of the long-term health monitoring system since 
construction. This second generation of SHM system has been applied to newly built bridges 
since the design stage by integrating the systems of several bridges together to reduce costs and 
increase significantly the management efficiency. This integrated system includes also Bridge 
Management System (BMS) for systematic decision-making and budgeting of inspection, 
estimation, rehabilitation and repair.  

Currently, Seohae Bridge, Banghwa Bridge and Youngjong Bridge, all completed in 2000, are 
on the network of the integrated bridge management systems and may be cited as the state-of-
the-arts of today’s monitoring system. Seohae Bridge (60+200+470+200+60m) will remain the 
longest cable-stayed bridge in Korea until the completion of Incheon Bridge. Seohae Bridge is 
instrumented by 178 sensors of 10 types. Banghwa Bridge and Youngjong Bridge are both 
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located on the Incheon International Airport Highway. Banghwa Bridge is a steel balanced arch-
truss of 2,559m with main span of 540m. It is equipped with 129 sensors of 8 types. Youngjong 
Bridge is a self-anchored suspension bridge (125+300+125m) with a double-deck warren truss 
girder carrying both railway and roadway. A total of 393 sensors, including static and dynamic 
strain gauges, and 23 data loggers are distributed over the bridge. The hardware system of these 
three bridges was designed to collect data remotely, and the software system was developed to 
process data and display results in a custom-designed format. Data collected at each bridge are 
processed exclusively at each field station for real-time monitoring and alarming sudden 
abnormal behavior. Among them, data useful for long-term evaluation of bridge condition as 
well as periodical inspection data can be transmitted through high-speed internet line to the 
management centre located far away from the site. Once data are collected at the centre, 
integrated BMS handles them to classify, store and retrieve (Fig. 1). This integrated BMS is 
able to itemize bridge maintenance details and manage status assessment, rating, repair and 
strengthening histories (Koh et al. 2008).  
 

 

Figure 1. Integrated operating system of SHM installed since the design stage in newly-built bridges and 
functional integration with BMS (actually operating in Youngjong, Banghwa and Seohae bridges, Koh et 
al. 2008). 

The third generation has been initiated by introducing new sensing techniques, technology 
fusion such as Intelligent Safety Bridge(ISB) pole and Energy Bridge, web-based operating 
system and wireless signal transmission. Many research efforts are now led to develop this 
system of the third generation and enhance the performance of the current system. One of the 
remarkable 3rd generation technologies is sensor-based monitoring system (SBBMS) intends to 
provide advanced innovative functions like sensor fusion, reliable massive signal transmission, 
automated surveillance, adaptive signal processing, etc.  

 

Figure 2. Organizational chart of SBBMS (Koh et al. 2008). 
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The information provided by SBBMS purpose (1) to assess the behavior of the bridge, (2) to 
ensure serviceability and safety during its service life and (3) to help design, construction and 
maintenance. The hardware system performs measurement and data acquisition of the bridge 
behavior by remote sensing using sensors and data loggers, and the software system achieves 
data processing, storage, analysis and display in customized form (Koh et al. 2008, Koh et al. 
2004).  Another feature differentiating the previous and the 3rd generation technologies is 
technology fusion or integration. Along with rapid advancement of IT and intelligent 
infrastructure technology, it now becomes possible to integrate SHM system with other smart 
systems which can eventually serve as nodes for highly networked multi-functional system in 
order to secure safety and healthiness of users as well as structures. Recent examples for this 
technology convergence are ISB pole and Energy Bridge, which will be introduced in chapter 4. 

3 ISSUES OF SHM FOR BRIDGES IN KOREA 

This review of the successive generations of SHM for bridge in Korea reveals the outstanding 
and encouraging development achieved in a very short period. It should be now interesting to 
point out what has been learned from these applications. As a matter of fact, the design of SHM 
system is depending on what is intended to be measured and how these data will be exploited. 
However, past experiences showed us that SHM system has still technological as well as non-
technological issues to be addressed.  Several examples are presented to introduce these issues. 

The Olympic Bridge was constructed to commemorate the hosting of the 1988 Seoul Olympics 
(Fig. 3). It became the 16th bridge over the Han River, boasting 88-meter-high central tower 
decorated with four concrete pillars and supported by 24 parallel steel wires. The structure is 
equipped with a SHM system, which records vibrational signature of the deck, pylon and cables. 
In 2001, a transport helicopter smashed into Olympic Bridge in Seoul after having been caught 
in the support wires while it hovered during installation of a torch-shaped structure atop the 
tower of the bridge. The rotors of the helicopter hit the sculpture and the tower. The helicopter 
snapped in two. One half fell onto the bridge span and burst into flames, while the other half fell 
into the river. Fortunately, no vehicles were involved with the incident, which occurred one 
hour before the afternoon rush hour. However, after the accident, the bridge management 
authorities reported simply that the bridge did not suffer damage without release of any 
information or data despite of the gravity of the crash. 

 

    

Figure 3. Capture image of the helicopter crash on the Olympic Bridge (2001), collision of an excavator 
installed on a barge with the deck of the first Jindo Bridge (2006), and fire accident on Seohae Bridge 
(2006). 

Another example is the successive barge collisions at the first Jindo Bridge. Jindo Bridge being 
located in Myeongnyang Strait characterized by extreme marine current (drift of 4m/sec), this 
navigational area is thus potentially dangerous for ships and presents risks of collision with 
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Jindo Bridge, especially regard to the bridge clearance of 20m. The first event occurred in 
August 26, 2006, with the collision of a 36m-high excavator installed on a barge with the deck 
of the bridge (Fig. 3). The second collision happened 8 months later on April 23, 2008, with the 
collision of an 800ton ship transporting steel frames (32m height) for power plant. Fortunately, 
inspections reported the absence of severe structural damage in the bridge. However, it should 
be noted that the instrumentation of the bridge focused essentially on vertical and longitudinal 
measurements, which failed to provide thorough information on the responses of the 
superstructure during the collision events.  

Preparedness to unexpected or accidental events in addition to health monitoring activities is 
thus an issue that should be coped during the design of the SHM system. The examples of ship 
collisions at Jindo Bridge demonstrate that SHM should be multi-functional and adaptive. A 
function that should be necessarily combined to health monitoring is the accident and traffic 
flow surveillance in view of the fire accident that occurred on Seohae Bridge following a chain-
reaction collision involving twenty-nine vehicles on October 4, 2006 (Fig. 3). The accident, 
which left 11 fatalities and 54 injuries, happened on a misty morning with visibility range below 
15m and resulted in traffic blocking during 7 hours and 40 minutes. In this case, beside the 
direct costs provoked by the accident, the fact that Seohae Bridge is the unique way to cross 
Asan Bay using the Seohae Expressway is also stressing the tremendous economic loss caused 
by the blocking of traffic during a long period of time. The use of non-intrusive sensors 
combined to intrusive sensors may offer a solution. Non-intrusive sensors include video image 
processing, microwave radar, and laser radar. Video-based vehicle detection as a typical 
solution for traffic surveillance has played an important role in real-time traffic management 
systems over the past decade. Video-based traffic monitoring systems offer a number of 
advantages over traditional methods, such as loop detectors. However, cameras cannot detect a 
car accident when there is a thick fog on a bridge or heavy smoke in a tunnel (Yoo et al. 2008). 
Accordingly, research should be implemented to find new solutions or alternatives for SHM 
system to be multi-functional. 

The reliability of the SHM system constitutes also an issue to be dealt. For example, Gwangan 
bridge is located in front of Gwangan town beach and is currently the longest suspension bridge 
in Korea with its 900m overall length. The SHM hardware system of Gwangan Bridge was 
designed to perform real time monitoring of its structural behavior. Composed by dynamic 
monitoring instruments like laser displacement sensor, anemometer, accelerometer, and by 
static sensors such as tilt meter, thermometer, and joint meter, the monitoring system processes 
signals, analyzes data and stores the data acquired from the sensors in the Monitoring Centre. 
The SHM system was used to produce alarm/warning during the crossing of Maemi typhoon in 
September, 2003. Measurement of the wind speed at the pylon and mid-span of the bridge 
helped to make decision of blocking and reopening of the bridge to traffic so as to ensure public 
safety during the typhoon. Traffic was blocked with respect to an average wind speed at mid-
span of 20m/sec and was reopened when this speed felt behind 10m/sec. Health monitoring after 
the crossing of the typhoon was also performed using the measured inclination of the pylon and 
displacement at the expansion joints. The corresponding natural frequencies were computed and 
results showed that natural frequencies remained within safety limits, which made it possible to 
conclude that the bridge was not affected by the typhoon (Koh et al. 2008). However, it should 
be noted that the bridge experienced short blackout during the crossing of Maemi typhoon that 
impeded the acquisition of valuable data to analyze and monitor the behavior of the bridge 
struck by the typhoon. 

Another issue of importance is the processing and exploitation of SHM data. As mentioned 
above, Seohae Bridge is instrumented by more than 178 sensors of 10 types. The data measured 
by static sensors are stored every 10 minutes for each sensor. On the other hand, each dynamic 
sensor produces 100 data per second and the database is stored every 10 minutes by means of 



4th International Conference on Structural Health Monitoring of Intelligent Infrastructure (SHMII-4) 2009 

22-24 July 2009, Zurich, Switzerland 

 

 

 7

the mean, maximum and minimum values for each sensor. This corresponds thus to a total of 
60,000 data per sensor every 10 minutes. In addition, dynamic data are also stored once a day at 
definite period during 10 minutes. There is also a triggering system activating automatic storage 
of dynamic data in case of extreme events. For the cable-stayed bridge section, the responses 
transmitted by the accelerometers installed in the girder and pylons are used to compute and 
store natural frequencies every 1 hour together with the storage of the tension in cable every 1 
hour. This means that the volume of data acquired in Seohae Bridge reaches 7 million data per 
day, leading to 2,605 million data per year. However, despite of such tremendously huge 
database, exploitation remains limited to maintenance, analysis of long-term behavior, and 
construction management. Research should be thus dedicated to provide data processing and 
analysis tools enabling to quantify structural responses and achieve qualitative decisions 
considering also some trade-off or combination of global and local monitoring. 

These few examples helped us to highlight issues and future tasks to be undertaken by bridge 
and monitoring engineers. In summary, the current SHM system are focusing essentially on 
acquiring data but we have seen that its role is maybe more crucial in case of extreme events. 
Another point is the exploitation, processing and adequate storing of the huge volume of data 
for broader applications beyond structural integrity assessment. The following presents recent 
applications and R&D activities aiming to improve the functions and quality of SHM system for 
long-span bridges in Korea. 

4 RECENT APPLICATIONS OF SHM SYSTEM FOR LONG-SPAN BRIDGES  

4.1 Retrofit of the SHM system of Seohae Bridge 

The retrofit of the SHM system of Seohae Bridge may be cited as a good example of the efforts 
implemented to cope with the above mentioned issues. Particular attention has been paid on the 
upgrade of the system so as to efficiently secure safety through issue of alarm and warning 
under fire accident and on the strengthening of sensing functions for earthquakes and strong 
winds. Moreover, the data migration to the new system constitutes a challenging task due to the 
huge and complex database accumulated during 8 years. This database was exploited for long-
term monitoring of the integrity of the bridge, reliability analysis, FEM model update, etc.  On 
the other hand, efforts were endeavored to improve the efficiency of the new system and reduce 
its maintenance costs. The retrofit also stressed issues on the lifecycle of the SHM system. 
These issues faced during the establishment of the retrofit strategy for Seohae Bridge are 
explained hereafter. 

The SHM system of Seohae Bridge entered into operation in April, 2001, and has been 
exploited to date. However, after nearly 8 years of service, the hardware of the SHM system 
experienced degradation that is potentially increasing the risk of errors and defects. Meanwhile, 
outstanding progresses have been realized in the domain of IT and sensing technology. Such 
progresses combined with the necessity to improve the current system of the bridge led the 
managing authority of the bridge to start a project for the retrofit of the monitoring system of 
Seohae Bridge. Accordingly, the retrofit of the SHM hardware in the cable-stayed bridge and 
approaches of Seohae Bridge together with the development of corresponding S/W were 
ordered and works started in November, 2008, to be completed in October, 2009. For the 
hardware, the major parts of the SHM system to be retrofitted involve the sensing devices, 
communication/transmission and computational equipments. The software will be supplemented 
with new functions that are geometry control and disaster management systems, repair and 
maintenance evaluation system, and fatigue assessment system. 

The SHM system of the bridge suffered a series of degradations of which several examples are 
illustrated in Figure 4. Inspection reported infiltration of rainwater in the damaged ducts of the 
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tension gauges of the cables, pollution and deposits of impurities inside the deflectometers, 
corrosion and spalling of the protection equipment, and deterioration of a part of the facilities 
provoked by the exposure to marine environment. 

 

 

 

Figure 4. Examples of degradations of the SHM system reported in Seohae Bridge. 

Apart from such degradations and damages, the complexity of the wirings in the existing system 
caused difficulties for maintenance due to the lack of working space. In addition, the large 
number of electronic equipments also pointed out the problem of securing continuously stable 
and safe electric power. The outworn level of the transmission and computational equipments 
was also pointed out. For example, major drawbacks impeding the operational efficiency of the 
system are: the parallel arrangement of the electric power supply known to be sensitive to 
electromagnetic noises, the complex multi-stage transmission network presenting poor 
maintainability and prone to dysfunction, and the overall degradation of the transmission 
instrumentation. Moreover, the loss of performance, and poor efficiency of the spatial 
arrangement of the computational equipment according to its extensive and long-term 
exploitation are also problems to be improved. 

The retrofit of the SHM system of Seohae Bridge should cope with these problems. 
Accordingly, the new SHM system has been designed to provide simplified organization 
reducing the risk of errors and dysfunction, and to ease its maintenance. In addition, a new 
system dedicated to provide monitoring functions under earthquake event has also been 
conceived and supplemented.  

In parallel to the retrofit of the hardware of the SHM system, the software should also reflect 
and adopt the newly developed technologies in the domain of SHM such as damage detection 
algorithms and image processing technology. The adoption of such achievements will 
strengthen the analysis and evaluation functions of the bridge performance using the measured 
data, and enable to establish an integrated management system providing signal recognition, 
inquiries, management, report, alarm, etc.  

In view of this new SHM system, the experience of Seohae Bridge is giving us clues indicating 
the directions and requirements to be satisfied by future SHM systems.  

A first observation is the lifecycle of the SHM itself. Its design should balance cost-
effectiveness with an optimal lifespan of its hardware and software. Such choice should pay 
attention to the purposes of monitoring and the functions or performances to be provided by the 
corresponding element. For example, sensors should exhibit the most extended and durable 
lifetime while providing reliable signals within the framework determined during the design of 
SHM purposes. The lifespan of computing hardware should rely on the state-of-the-art 
technology in the domain owing to the common lifespan of computing equipment, which means 
that its design lifetime is sufficiently predictable since no particular change or sudden increase 
of the volume of data is likely to occur. The software of the SHM system should be stable and 
restlessly adopt the newly developed technologies under the condition that upgrade of the 
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software is not requiring significant change of the framework of the hardware and monitoring 
strategy.  

A second observation is the maintenance of monitoring system. The SHM system should be 
adaptable to newly developed or emerging technologies. The maintenance of the monitoring and 
management system should provide reliable functions and evaluation results over a wide range 
of events and also all along the lifetime of the structure to be monitored. Obviously, a 
maintenance-free SHM system should be ideal. However, as has been seen in the case of Seohae 
Bridge, the monitoring system must be maintained. This means that its cost-effectiveness must 
be demonstrated and its purposes clearly identified. The initial cost of the SHM system of 
Seohae Bridge reached about US 2 million $ and its retrofit will cost approximately 70% of the 
initial costs that is US 1.4 million $. Such investment may be considered affordable only if 
during its 8 years of operation the system has provided direct benefits. Even if the acquisition of 
data is valuable and important by itself, the necessity to install SHM system in any long-span 
bridges would remain a question to which designers should answer unless total lifecycle cost of 
the instrumented bridge is lower enough than that of the non-instrumented bridge. 

4.2 SHM system of Incheon Bridge 

The most recent bridge near completion in Korea, Incheon Bridge, is also representative of the 
reflection of the experience gathered to date in the field of SHM system. Especially, the design 
of the SHM system took consideration of its management throughout the whole lifecycle of the 
bridge from construction to repair after completion. Such strategy intends to maximize the cost-
effectiveness of the SHM system, and demonstrated its potential in securing stability and quality 
control during construction. Similarly to Seohae Bridge, the system is also providing 
preparedness for extreme events and accidents.  

Incheon Bridge (Fig. 5), currently under final construction stage, is a steel box girder cable-
stayed bridge, which will link Incheon International Airport with Songdo New Town in the 
southern part of Incheon city. The total bridge length will be approximately 12.3km, including 
the cable-stayed bridge, approach bridges and viaducts, and will carry six lanes of traffic across 
the straits between Youngjong Island and the mainland. The cable-stayed bridge is a 1,480 m 
long structure with main span of 800m that will make it the world’s fifth longest cable-stayed 
bridge at completion. The pylons of the cable-stayed bridge are supported on drilled shaft piling 
foundations and rise up 238m high. The pylons are reinforced concrete hollow section in a 
diamond configuration which provides torsional stability to the main span and minimizes the 
size of foundation. Two planes of PPWS stay cables support a 33.4 m wide streamlined 
orthotropic steel box girder (Yang et al. 2008). 

 

  

Figure 5. View of Incheon Bridge under construction.  

The viaduct structures consist of pre-tensioned precast 50m long concrete box girder spans. In 
addition to the main route of ship passage, the continuous aerodynamically shaped five-span 
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steel box girders have a clearance of 74m above sea level for secondary ship passage to the Port 
of Incheon. The design included impact analysis and assessment of the plastic deformations that 
withstand the impact energy from a 100,000DWT ship hitting a sheet pile cell head-on at high 
speed (Kim et al. 2008b). Korea being located in a region of moderate seismicity, the bridge is 
also designed for a 1,000-year return period event, which governs the design of the 
substructures. In addition, the bridge can be subject to typhoon wind loading. In particular, wind 
buffeting loads and aerodynamic stability have been important factors in the design of the cable-
stayed bridge.  

The SHM system installed in the approaches, viaduct and cable-stayed bridge of Incheon Bridge 
has been conceived to allow efficient and continuous exploitability from the construction stage 
to the future maintenance stage of the bridge. During the erection, the SHM system is exploited 
to verify the feasibility of the design assumptions (wind speed, load conditions, bridge 
responses, etc.) and contribute to the safety at each construction stage through examination of 
the actual mechanical behavior exhibited by the structure all along its construction. Once the 
bridge completed, the SHM system will provide database required for the maintenance and 
management of the bridge by means of warning and alarm system related to the assessment of 
load bearing capacity, serviceability and safety of the bridge.  

Table 1 arranges the measured items of the bridge during construction. Note that, as a fast track 
project, the design was prepared as a sequence of packages in accordance with the demands of 
the construction schedule. Therefore, monitoring during construction was imperatively required 
for design. 

 

Table 1. Items measured during construction in Incheon Bridge. 

Location Instrumentation Measurand Purpose 
Girders and 
pylons 

Strain gauges Stress state under dead load 
of concrete in girder slab and 
pylons at each construction 
stage 

Safety assessment during erection through 
comparison with management limits; 
Sampling of representative values for further 
analyses 

Pylons and 
piers  

Tiltmeters Inclination of pylons and 
girder at each construction 
stage 

Prevention of damages in pylons and piers 
provoked by excessive inclination during 
erection 

Top of pylons Anemometers Wind speed and direction at 
the top of free-standing 
pylons 

Assessment of workability at wind speed 
exceeding 10m/sec; Interruption of works at 
wind speeds larger than 15m/sec together 
with alarm 

Pylons, girders, 
cables and 
atmosphere 

Thermometers Thermal change of each 
major structural member and 
atmospheric temperature 
according to time 

Consideration of the effects of thermal 
change on major structural members;  
Analysis of the effects of temperature on the 
inclination of pylons 

Pylons GPS 
displacement 
sensor 

Variation of displacement of 
pylons 

For free-standing pylon: displacement 
variations of pylon 
At tensioning of cable and girder: 
management of pylon geometry  

Cables Tensiometers 
Accelerometers 

Tensions in cables Measurement of tension in cables by 
conversion of vibration data; Storage of 
tension variation due to changes of boundary 
conditions; Database on tension loss  

Temporary 
bents 

Strain gauges Stress in temporary bents 
during erection of girder 

Computation of elastic modulus of steel for 
design by conversion of strain into stress 

Wind tunnel 
test & Field 
measurements 

Accelerometers Wind-induced vibrations Estimation of varying modal quantities of the 
cable-stayed bridge all along erection 
process; Buffeting and vortex analysis  
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4.3 SHM system of Busan-Geoje Fixed Link 

The importance of SHM system in case of extreme events is also a major feature addressed in 
the site of Busan-Geoje fixed link. The construction of Busan-Geoje fixed link (Fig. 6), a 
motorway between the city of Busan and the island of Geoje, started in 2004 and is expected to 
be completed in December, 2010. This project will provide an 8.2km-long four-lane fixed link 
of which 3.7km of undersea tunnel and 2km of cable-stayed bridges to replace the current route 
of 140km needing ferry travel. The immersed tunnel located in a strong seismic area will rank 
among the longest in the world to date and will be the deepest road tunnel ever constructed at a 
maximum water depth of 50m. The tunnel is made of 18 precast tunnel elements of 50,000t that 
are floated into position and sunk into a pre-dredged trench. Securing water-tightness of the 
joints, preparing the tunnel supports and placing the sections are thus technological challenges 
to be faced during construction (Kim et al. 2008c). 

 

  

Figure 6. Bird view drawing of Busan-Geoje fixed link  and moving a immersed tunnel section 

The site being directly exposed to the South Sea, the design of the cable-stayed bridges has to 
accommodate harsh environmental conditions like typhoons and high tides. The first bridge is a 
three-pylon cable-stayed bridge with two main spans of 230m and the second bridge is a two-
pylon cable-stayed bridge with main span of 475m for total lengths of 2,363.5m and 1,856m, 
respectively. The concrete pylons are designed with slightly inward curving legs. The bridge 
deck is a traditional steel-concrete composite girder. The approach bridges are composite girder 
arranged with 90m spans.  

The SHM system of the Busan-Geoje fixed link is purposed to monitor the short-term and long-
term behaviors during construction and operation. The sensory system consists of 262 sensors 
including anemometers, temperature detectors, accelerometers, strain gauges, level sensing 
stations, displacement transducers, etc., and their relevant interfacing units. The tunnel will be 
instrumented essentially for deploying warning or alarm under eventual leakage event.  

4.4 R&D on SHM system  

As reviewed above, SHM systems installed on cable-supported bridges are currently exploiting 
the up-to-date technologies in the domain. Such SHM systems are used to monitor the responses 
during construction to help design and erection and to assess the integrity of the structures 
during their operation. Including reliability and lifetime effectiveness, several issues have also 
been identified about future directions for R&D activities not only in terms of the hardware 
system such as sensors and devices but also in terms of software system for diagnosis and 
performance evaluation. Some recent R&D activities are presented. 

ISB pole is a new type of pole under development. This pole will be a multi-functional module 
integrating sensory devices, signal processing, communication and information display. Typical 
SHM systems are rather complicated since the network consists of sensor nodes, 
communication layers, and centralized operating system, which is likely vulnerable to 
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environmental ingress in large structures like sea-crossing long-span bridges. In order to 
overcome such problems, the ISB pole is designed to be powered by solar energy and transmit 
data wirelessly through decentralized network configuration. In addition, this innovative pole is 
expected to contribute to public safety by providing direct and visual information in real-time to 
bridge users. Fig. 7 shows the conceptual drawing of ISB pole to be developed through the 
Super Long Span Bridge R&BD Project launched in 2009. 

The R&BD Project also intends to develop the Energy Bridge, which intends to harvest electric 
power produced by strong winds in long-span bridges. The so-produced energy is expected to 
be used to supply electric power to SHM system including the aforementioned ISB pole. 

 

Figure 7. Concept drawing of ISB Pole and Energy Bridge 

A core part of technology to achieve successful BMS system is robustness of the data 
processing from field inspection. Recent remarkable change in this area would be attempts to 
apply emerging technologies such as Information Technology (IT) and Robot Technology (RT) 
for upgrading out inspection technologies and practices. Accordingly, The Bridge Inspection 
Robot Development Interface (BIRDI) is a research outfit funded by the Ministry of Land, 
Transport and Maritime Affairs. Its primary goal is to develop advanced robot systems for 
bridge inspection and monitoring for immediate field application and commercialization. 
Among the current results, BIRDI developed a flying robot and a climbing robot for bridge 
inspection (Lee et al. 2008). 

Wireless sensor networks are widely used for SHM systems in bridge environment, due to lower 
maintenance costs and greater scalability than wired networks. Among many issues to be 
addressed when using wireless sensor nodes in a bridge environment, the most critical are 
communication reliability and network lifetime. Link error-rates are known to be high since 
wireless communication must contend with the proximity of large metal and concrete structures. 
This results in particularly heavy use of error correction techniques, which require additional 
energy for computation and retransmission. The use of a solar cell may overcome the short 
lifetime of a traditional battery, or the installation and maintenance required for a wired power 
supply. Therefore, a research team at Seoul National University proposed a novel geographical 
routing scheme that increases the lifetime of a network by considering the energy status of 
senders and receivers and combining the use of Reed-Solomon (RS) codes for forward error 
correction (FEC). Tests revealed that the proposed algorithm maximizes the network lifetime 
considering communication and error recovery cost using RS coding and the energy status of 
solar-powered nodes (Ryu et al. 2008). 

One of the fundamental obstacles in SHM system implementations is the network system 
connecting the bridge and the maintenance office. The conventional wired Internet services 
through telephone lines or cable TV lines are frequently unavailable in rural areas where bridges 
are commonly located. A private network line may be constructed, but the construction and 
maintenance costs may be significantly high in many cases. Mobile Internet service using 
CDMA mobile telecommunication network may be an alternative solution, but the maximum 
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speed of data transmission is too low, so that it may be applied only to limited cases with small 
amount of data transmission. Recently, a new 3.5 generation mobile telecommunication 
technology made the network implementation easier and more tractable. HSDPA (High Speed 
Downlink Packet Access) technology commercialized first in Korea is currently available in 55 
countries. Accordingly, a novel framework of remotely controllable SHM systems is proposed 
for bridges without the conventional Internet service utilizing HSDPA technology and remote 
desktop software. The proposed SHM system has benefits such as remote maintenance of SHM 
systems and a low cost network implementation. The feasibility of the proposed framework has 
been demonstrated by field tests on a highway bridge in operation. It can be expected that 
advances in the mobile telecommunication technology may even enhance the performance of 
the network implementation of the proposed SHM system for bridges (Koo et al. 2008). 

5 CONCLUSIONS 

Ever since the first SHM system was installed about two decades ago, every long span bridge in 
Korea has been equipped with a monitoring system. However, this popularity of SHM system 
does not necessarily mean the maturity of the system. Although the recent SHM system has 
adopted the most up-to-date technologies, there are still challenges and problems to overcome. 
For example, recent retrofit of Seohae Bridge’s monitoring system stressed some important 
issues. The first and foremost issue is the short durable lifespan of SHM system requiring major 
retrofit earlier than expected. Considering the different lifespan of the system components such 
as sensors, communication devices, computers and software, optimal maintenance strategy for 
SHM system itself should be established in order to balance lifecycle cost and performance. 
Especially, sensory devices should be continuously developed to exhibit durable functions with 
extended lifetime under harsh environmental conditions. The second issue can be the need of 
qualitative assessment of the huge volume of data accumulated. Beyond simple data acquisition, 
SHM system should be defined and designed in terms of concrete exploitation of such data 
leading to adequate decision-making in due time. Currently, the exploitation of these data 
remains relatively limited to identification of structural properties or issuing of warning or alarm 
under expected accidental events such as strong winds, which may lose practicability in case of 
unexpected events. The barge collision at Jindo Bridge is representative of such loss of 
practicability in view of the absence of useful monitoring results providing assessment on the 
integrity of the bridge immediately after the accident. Accordingly, future SHM systems should 
develop toward accessibility and exploitation of information enabling prompt and effective 
decision-making under extreme event as well as in ordinary time. 

Past experiences showed that SHM system has achieved outstanding development in a relatively 
short period. However, focus was given to the acquisition of data rather than their useful 
exploitation. This led to the uselessness of the system during extreme or accidental events and 
the poor exploitation of the accumulated database. Based on the lessons given through past 
experiences, SHM systems in newly built cable-supported bridges like Seohae Bridge, Incheon 
Bridge and Busan-Geoje fixed link, have evolved to be more reliable and provide meaningful 
data with extended functions. Future evolution of SHM systems should necessarily pass through 
multi-disciplinary cooperation and integrated technology fusion as have been seen with ISB 
pole, Energy Bridge and robots. Need is now to provide links between such development and 
real maintenance results. In order to reach consensus among the public, engineers, and bridge 
owners, our task is also to redefine the purposes of SHM system and to satisfy the desires of all 
the concerned parties.  
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