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Summary 
Space and agglomeration are perhaps the most basic features in city formation. City formation also 
requires continuous investment in public infrastructure, housing, and business capital, which makes 
cities form and grow in sequence. As public infrastructure, bridge is closely related to the 
sedentarization and agglomeration of population as well as to the transportation of people and 
goods. Accordingly, the values of bridge are examined with respect to the evolution of bridge within 
the city formation process so as to predict the future development trends of bridge and 
corresponding meanings. The major social roles fulfilled by bridges as social infrastructures and 
cultural asset are examined and extended to their roles in the city formation and further in the 
economic development process of a country. 

Keywords: values of bridges; city formation; public infrastructure; cultural asset.  

1. Introduction 
Space and agglomeration are perhaps the most basic features in city formation. A city’s spatial 
location determines a major part of its resource possibilities, ranging from the price of natural 
resources to the ease and cost of transportation while agglomeration of population and facilities 
within a city determines its potential growth and eventual outcomes. Planning city formation is of 
critical importance for decision-making related to urbanization. City formation requires continuous 
investment in public infrastructure, housing, and business capital, which makes cities form and 
grow in sequence. Considering that city should expand adaptively to absorb the inflow of 
population, city may grow continuously assuming that technological development and adjustment 
costs are possible [5].  In such a viewpoint, bridge is inseparable from city formation.  

     
Fig. 1 Example of cities where bridges played critical roles (Paris, New York, Venice) 



 

For civil engineering students, bridge is defined with a pure engineering meaning that is “a structure 
spanning and providing passage over a gap or barrier, such as a river or roadway”. This engineering 
approach, however, limits the bridge simply as a tool to cross natural obstacles and a tool that must 
be structurally sound and economic in terms of safety and serviceability, and budget without giving 
clues on its other functions. Even though current approach selects the type of bridge generally on 
budget criteria rather than aesthetics, aesthetics has become a very important factor in the design 
since the beginning of 1970’s after the post-Second World War recovery period. There is, however, 
an indissoluble connection between aesthetics and economy. The optimal balance between these 
two objectives may require a design effort that is the true art of bridge engineers today. 
Apart from such functional meaning, bridge bears also symbolic, historic, and cultural meanings. 
As symbolic meaning, the Golden Gate Bridge is always associated with San Francisco. As historic 
meaning, bridge can be defined as technological achievement of the best technology at the time of 
its construction. The best examples can be found in the Pont du Gard near Nîmes in southern France, 
which concretizes the state-of-the-art of the Roman technology, Brooklyn Bridge as the most 
advanced technology in the 19th century, as much as Akashi Bridge or Millau Viaduct 
representative of the best technology in the 20th century. Bridge can be also defined as witness of 
history. Bridge, as an entity of our everyday life, has been a motive of predilection in numerous 
paintings, movies, and literatures. 
Social meaning of the bridge involves its role as a tool to widen the living space and to spread 
culture. This topic is of utmost importance in the city formation since it is in direct relation with the 
city’s spatial location and agglomeration known as most basic features in city formation.  A typical 
example is Venice in Italy. Venice would not be Venice without the presence bridges. The heart of 
Venice is separated from the rest of the city by the Grand Canal. Therefore, every necessities of life 
should pass through the bridges. A more recent example is the island of Manhattan, which could 
become a major commercial, financial, and also cultural center of the United States owing to the 
construction of Brooklyn Bridge. From an economical point of view, the miracle of Han River 
could not be realized without constructing the bridges over the Han River. The Miracle of Han 
River is symbol of the economic growth of Korea. 
In view of these diverse meanings of the bridge, we can see that bridge constitutes an inseparable 
structure in the development and formation of cities and further in the economic scale of a country.  
This means that bridge is a social overhead capital (SOC) or social infrastructure. As can be 
understood in the term social infrastructure, bridge is closely related to the sedentarization and 
agglomeration of population as well as to the transportation of people and goods. Accordingly, the 
values of bridge are examined with respect to the evolution of bridge within the city formation 
process so as to predict the future development trends of bridge and corresponding meanings. 
Therefore, the major social roles fulfilled by bridges as SOC are examined and extended to their 
roles in the city formation and further in the economic development process of a country. 

2. Values of Bridge 
Bridge is occupying an immutable position as SOC in the economic development of a country. 
Since bridge shares the history and life of its contemporaries, bridge is part of the history and 
culture by featuring the life story of its epoch. Today, bridges are also constructed as means 
generating the culture of a city or targeting political objectives in order to solve social and regional 
dissensions.  

2.1 Bridge as national asset 
The evolution of bridge reveals that bridges started to be developed following the requirements for 
economic activities since people began to agglomerate for sedentary life. Bridge structures were 
thus not constructed for individuals but for the prosperity of the community. This means rather than 
being contributing directly to the economic activities, bridges are service-oriented structures 
participating indirectly to the economy. Accordingly, need is to understand the value of SOC at first 
in order to grasp the significance and values of bridges as SOC part of the national asset. Among 
the numerous definitions given to SOC, the Korea National Statistical Office proposes the 
following definition: “Overhead capitals with public purposes like transportation, 
telecommunication and electric power supplying the bases necessary for the economic activities of 



 

the whole country but which are not participating directly in the production and consumption 
activities of each economic party.” 

2.1.1 Role of bridges in the national competitiveness 
A categorization of SOCs related to construction can be given done as follows: transportation 
infrastructures like roads, tunnels, bridges, railway, harbours and airports, energy supply 
infrastructures like dams and nuclear power plants, and environment infrastructures such as water 
purification plants and sewage disposal plant. The infrastructures associated with bridges being 
naturally strongly related to transportation like roads and railways, inadequate or insufficient 
transportation SOC will degrade the goods distribution efficiency, which in turn will cause 
inconvenience of the citizen life, increase tremendously the socio-economical costs and, decline the 
competitiveness of industry. Even if the government is basically responsible of the bridges, the 
escalation of price brought by the lack of bridge facilities is burdened by private industries in 
charge of the production of goods, which is likely to result in the loss of the international 
competitiveness of the industrial sector.  

2.1.2 Socio-economical effects of bridge construction 
Investment on SOC is traditionally having more impact on the economic development and 
activation of the market as much as the country is underdeveloped. Especially, since investments on 
transportation facilities like roads, railways, tunnels and bridges ease the communication and 
migration between regions, such investments are indispensable for the balance regional 
development. Their direct economic effects cannot be measured clearly being including mostly 
external and non-economical outcomes. However, the effects of the expansion of SOC are 
concretely visible worldwide by means of their public role throughout the industrialization process 
of a country such as the activation of industry and trade. Referring to the ratio of direct production 
activities to SOC, Hirschman (1958) stated that if that this ratio reaches a critical level, direct 
increase of productivity would not occur without extension of SOC [6]. This ratio is called as the 
industrial support effect of SOC. Moreover, the impact on the increase of revenues stands also as an 
important effect of SOC investment. Even if the correlation between transportation facilities and the 
national income per capita differs according to the conditions of SOC, a value exceeding 0.5 is 
generally observed during development process. In Korea, the correlation between the GRP (Gross 
Regional Product) and road stock reaches approximately 0.85. In addition, the income effect of 
SOC investment, which is an indicator of the contribution of SOC to the improvement of income, 
can also be cited as an important outcome of SOC. 
The socio-economic impact brought by the construction of bridges can be classified into direct and 
indirect effects. Direct effects cope with the contribution to the national competitiveness and 
betterment of the citizens’ accommodation such as the shortening of distance or remoteness 
between regions through the construction of roads and railways, the reduction of circulation costs 
through the decrease of labor and oil expenses brought by the improvement of traffic conditions, the 
shortening of transit time and the improvement of traffic convenience [7]. As indirect effects, the 
accessibility between regions improved by the construction of bridge (1) optimizes land use over 
the whole country, promotes the rise of land prices and the changes of life environment; (2) boosts 
the extension of factories location and the regional economy through new incomes apart from 
agriculture; (3) induces changes in the distribution structure through the characterization of the 
regional industry and expansion of market share; (4) contributes to the balanced regional 
development and business conditions through the development of regional tourism; (5) provides the 
bases to settle down in provincial areas through the promotion of regional exchanges and further 
leads to the change of social awareness and exchanges between inhabitants through the evolution of 
cultural and social recognition; and, (6) ameliorates the regional budget through the increase of 
local taxes. 
SOC investment in the transportation domain extends its effects not only in the SOC industry itself 
but also boosts significantly the productivity in other sectors. The production inducement 
coefficient by industrial sector stands for the volume of production induced directly and indirectly 
in the whole industry when the final demand for goods and services increases by one unit in each 
industrial sector. A survey of the production inducement coefficient by industrial sector in Korea 
reveals that, in 2003, construction reached 1.980 which is larger than the 1.972 averaged by the 



 

manufacturing industry and remarkably larger than other industries. In addition, the employment 
inducement coefficient of the construction industry was 14.2515 meaning that an investment of 1 
billion KRW creates 14 new employments. This value is the highest behind the service industry, 
which demonstrates that SOC construction investment in the transportation sector is providential for 
relieving unemployment [7]. 

2.1.3 Importance of bridge in the transportation network 

In countries like Korea of which about 70% of the territory is composed of mountainous areas and 
surrounded in three sides by saw-tooth coastlines, bridges and tunnels are indispensable in the 
formation of the transportation network. Therefore, securing bridge technology is a prerequisite for 
the national economic growth. Taking example of the bridge stock in Korea, statistics are giving a 
bridge of 87 m every 3.4 km on the mean in the 102,209 km of the road network, a bridge of 86 m 
every 2.9 km on the mean in the 7,381 km of the railway network and, a bridge of 98.8 m every 6.1 
km in the 508 km of the high-speed railway. Even if the volume of the bridge stock occupies a 
minor portion of the transportation network, bridges constitute the most vulnerable and sensitive 
facilities among the transportation system. Accident occurring in a bridge whatever small it is in a 
road or railway section will deprived the corresponding section from its functions during the 
duration of repair or rehabilitation. Accordingly, despite of the relatively modest size of the bridge 
stock, bridges have a key role enabling the functions of road and railway to be realized in linking 
mountainous areas, islands or islands to the continent. 

2.2 Historical and cultural values of bridges 
The start of the sedentarization in the Neolithic age led people to erect bridge for transportation 
purpose. Since bridge structures evolved together with the life of people in direct relationship with 
their economic activities, bridge has unquestionably widened the living space and helped culture to 
spread freely from natural obstacles. All along its evolution, bridge took fully place as entity of the 
life and also left behind footprints of the civilization as a remnant of its epoch. Regard to such 
aspect, the value of the bridge should not be limited to a tool enabling to cross natural obstacles but 
should be indeed extended to economic, social and political, historical as well as cultural values. 
This is certainly due to the role of the bridge as social infrastructure, which was necessary for city 
formation and, at the same time, incorporated the life of its contemporaries.  
Today, the social infrastructures of our ancestors are recognized and appreciated as the relics of the 
civilization. Most people visiting the vestiges left by the Roman builders are struck by the scale of 
the roads and harbours but are generally poorly impressed by the beauty of the temples in Athens.  
However, bridges are unique places that people are searching for to take pictures. Most tourists 
visiting Paris are willing to watch the interior of Notre Dame Cathedral as much as to feel the 
charms of Paris by admiring the beautiful arch bridges crossing the Seine. This gives a clue of the 
existence of the historical and cultural aspects of the bridge such as “beauty” and “symbolism” 
apart from its engineering value. 

 
Fig. 2 Golden Gate Bridge 

When James Marshall discovered what he believed to be the legendary 
El Dorado in Coloma on January 24, 1848, no one could imagine that 
this would create the beautiful city of San Francisco. In July of 1933, 
the 250,000 citizens of San Francisco invested 35 million dollars to 
start the construction of the Golden Gate Bridge. This bridge opened 
to traffic on November 12, 1936, and became the symbol of the city 
together with the San Francisco-Oakland Bay Bridge. The Golden 
Gate Bridge is now recognized as a symbol of USA. The contents of 
the interview of John Van der Zee, a reporter who assisted to the 
opening ceremony of the bridge, reveal that the citizens of San 
Francisco were already sensing the bridge as a promise for the future 
and breathing sound of America. 

Despite San Francisco citizens were already aware of the historical and cultural values of the 
Golden Gate Bridge as the symbol of their city and country in 1930s, bridge engineers continued to 
attach the value of bridge to its functional and economical aspects such as function, structural safety, 
constructability and maintenance even after the mid of 20th century. The adoption of bridge forms 



 

as a major design concept can probably be traced to the series of lectures given by Fritz Leonhardt 
in 1970s on the aesthetics of bridges [4]. However, bridge engineers are still apprehending bridge as 
an infrastructure of which operation intends to promote the development of the surrounding 
industrial zones and which generates unexpected supplemental societal and political outcomes. 
These supplemental outcomes can be tourism, historical and cultural values created by the bridge 
itself, and economical values at the regional and national levels generated by the natural inflow of 
population resulting in the increase of employment and boosting of buying power. Moreover, it 
seems also that the bridge engineer is often depreciating aesthetics as a task reserved to the 
supervision of the government or belonging to the domain of politicians [7]. Though, today in the 
21st century, time is for civil engineers to change their perception of bridge from its industrial 
societal value in the 20th century to a new and forwarding context. 

 

 
Fig. 3 Views of a market in Busan 
during the Korean War and Youngdo  
Bridge 

In fact, bridges having symbolism as well as civil structures 
bearing historicity are always featured by a cultural value. 
This explains why most of historical bridges are managed 
by the Cultural Property Preservation Bureau. And, also 
perhaps because culture is reflecting the life of its epoch 
concretizing and bridge is the result of the will to improve 
the quality of life by concretizing at the most the 
engineering technologies of its times.  
For example, the refugees who found shelter in Busan in 
the southern coast of the Korean peninsula during the 
Korean War (1950-1953) are still nostalgic of the memories 
of Youngdo Bridge (Fig. 3). Youngdo Bridge is 
representative of the bridges erected in Korea during the 
Japanese Occupation. It is the unique bascule bridge in 
Korea of which construction started in 1931 and completed 
in March, 1934. Even if the leaf has been locked in 
September, 1966 due to the increase of the population in 
Youngdo Island, the historical importance of the bridge 
made it designated as cultural property of the City of 
Busan. However, a project planning to replace the bridge to 
widen the traffic lanes from 4 to 6 lanes was announced to 
cope with the increase of traffic volume in Busan and to 
secure safety because of the severe corrosion of the steel 
members. 

During the several years following the announcement, which provoked massive opposition of the 
public, the Cultural Property Preservation Committee and citizens associations pleaded the 
preservation and refurbishment of the original bridge, while bridge engineers claimed its 
dismantlement invoking structural safety problems. This social conflict is highlighting the debate on 
the designation of bridges as cultural properties. The “preservation” argued by the Cultural Property 
Preservation Committee asserts that the cultural property shall imperatively remain at its original 
location and that its members shall be maintained in their original shapes. On the other hand, in the 
case of Youngdo Bridge, the augmentation of traffic requires lane widening and the increase of the 
design loads necessitates the increase of the members’ sections, which is completely incompatible 
with the definition of preservation stated by the Cultural Property Preservation Committee.  
This debate is also of actuality for Supyo Bridge and Gwangtong Bridge that were constructed in 
the 14th century during the Chosun period (1392-1910) in Seoul. Supyo Bridge was erected to 
measure the level of water flowing in Cheonggye Stream, dredged from the streamlet during the 
transfer of the capital to Hanyang in the Chosun Dynasty in 1420. In 1958, when construction 
began on the highway that ran above the stream for many years, the bridge was moved temporarily 
to Jangchung Park where it is still standing now. The first Gwangtong Bridge was a wood-framed 
bridge compacted with earth. The original bridge was swept away by floods in 1410 (10th year of 
the reign of King Taejo, first king of Chosun dynasty) and reconstructed using the 12 carved stones 
decorating the tomb of a consort of King Taejo. The bridge disappeared during the covering of 
Cheonggye Stream in 1958 to 1961 but has been restored in July, 2003 through the restoration of 
the stream.  



 

    
Fig. 4 Views of Supyo Bridge and Gwangtong Bridge before covering and after restoration of Cheonggye 
Stream 

The problem stands in the “preservation” of these cultural assets. As mentioned above, these 
historical bridges cannot fulfill their functions as transportation facilities anymore but bear values as 
Cultural Properties, which made them inadequate in terms of infrastructure in the urban planning of 
new cities.   

 
Fig. 5 Brooklyn Bridge 

Another example of cultural value of bridge is Brooklyn 
Bridge as a symbol of late 19th century innovation and 
progress, which stretches over the East River connecting 
Manhattan and Brooklyn. The bridge with main span of 
487m took 13 years to build (1869-1883) at a cost of 15 
million dollars. Recognized as the most beautiful structure 
of New York after its completion, its designer, John A. 
Roebling, did surely not imagine that his achievement 
would become the best attraction of New York 100 years 
after its construction. To demonstrate it, remind that 
Brooklyn Bridge has been the subject of numerous movies, 
novels and paintings. 

However, it is noteworthy that during the last 125 years Brooklyn Bridge has seen its cables 
replaced in order to secure the structural safety of the bridge following degradations caused by the 
increase of the volume of traffic. Despite of such replacements, there was no public controversy like 
that of Youngdo Bridge. Since its construction, Brooklyn Bridge having been securing sufficient 
strength, no need was to replace or displace its members or actual sectional dimensions during 
extensive repair works even if new functions were required with time. This example may be the 
occasion for us to reconsider the notion of “sustainable bridge design”. If the cultural value of 
Brooklyn Bridge is acknowledged, the modern bridges we are designing today should go beyond a 
simple economical aspect and be planned as historical and cultural assets since the design by 
integrating them as key elements in the reshuffle of old urban areas or by visualizing them as 
potential tourist attractions.  
Fortunately, Seoul is also undertaking the renewal of the city as a cultural metropolis through the 
revaluation of its historical and cultural values. Seoul started the Seoul Renaissance Project in 2007 
to reshuffle the city as an international design city. In fact, such campaign has already numerous 
precedents in advanced countries like the Millennium Bridge in London, UK. However, developing 
countries like Korea had to wait until the 21st century to begin to recognize seriously the values of 
bridges. A point to be stressed here is that bridge shall be designed as a representative symbol of the 
city rather than being subordinate as accessory facilities to the urban planning. This means that 
design shall be implemented so as to harmonize the surrounding buildings with the bridge. To that 
goal, bridge engineers, additionally engineering knowledge, should acquire historical and cultural 
knowledge together with political competences enabling them to achieve their initiatives. 

2.3 Political value of bridges 
Seventy percent of the Korean peninsula being mountainous area, mountains are surrounding 
regions and constituting boundaries between neighbouring villages (Fig. 6). These physical 
boundaries were also sources of dissension between the inhabitants. For example, the Sobaek 
Mountains are a mountain range cutting across the peninsula marking the traditional border between 
Yeongnam region in the East and Honam region in the West. This border has been a demarcation 
line in terms of development between the two regions and was source of discord during 1,000 years. 



 

Fig. 5 Mountainous area of Korea  

The main reason for such dissension takes root in the 
lack or absence of communication. If road, railway 
and bridge technologies were sufficiently developed 
and applied at the time, it is likely that discord would 
have been settled earlier. During the 60 years after the 
founding of today’s Korea, amazing growth of the 
economy was realized that jumped Korea from a 
developing country to a country member of the 
OECD. However, in the late of 20th century, citizens 
began to get tired of the unilateral governmental 
economic model focusing on the development of the 
capital area. 

At the entrance of the 21st century, the desire of people is shifting toward the improvement of the 
quality of life and environmental problems, which were rather neglected by the government. 
Accordingly, policy started to promote concretely regional balanced development. In addition, the 
national unity in the South and the division with the North are also remaining critical political 
problems to solve. Political resolution exploiting technological tools may constitute the solution to 
settle these issues. 

 
Fig. 7 Location of bridges built in the 
southwestern coast of Korea 

The authoritarian power at the head of the country in 
early 1970s already tried to remedy fundamentally the 
causes of regional discords. However, the policy 
conducted at the time intended to reconcile the capital 
area with provincial areas without interest on the East-
West reconciliation. The construction of Namhae Bridge 
in 1973 is a typical example of this policy. Namhae 
Bridge, the first suspension bridge in Korea, played a 
significant role in the regional growth by promoting the 
development of the area of Namhae Island and Hallyeo 
Marine Park. In spite of the poor economic benefits 
brought by the development of backward regions, a 
number of bridges have been constructed along the 
southwestern coast of the peninsula for political 
arguments aiming the development of remote regions 
since the end of the 20th century (Fig. 7). 

Before 2000, bridges in Korea were planned and constructed under the pressure of politicians rather 
than being the fruit of the bridge engineers. Time is now for civil engineers including bridge 
engineers to make proposals for the regional development through continuous research committees 
so as to become full participants of the national planning as policy-makers. 

3. Role of Bridges in City Formation 

3.1 Early age of freight transport by river and harbor 

 
Fig. 8 Plan of Babylon [1,8] 

Finding records revealing clearly the beginning of manmade 
bridge construction in the history is not an easy task. A 
speculation on the beginning can be proposed with the start of 
collective economic activities following the sedentarization of 
people during the transition from food-gathering economical 
system to green revolution (BD 7000) that led to the urban 
revolution (BC 3500~3000). The start of collective economic 
activities naturally required roads and bridges, and initiated 
probably the construction of artificial bridges.  
The earliest city constructed by mankind was located in 
Mesopotamia. As shown in Fig. 8, Babylon presents typical 
structure of ancient walled cities [1,8].  



 

The main road runs in parallel to the Euphrates River parting in the middle and flowing eastern 
outside the walls, and a canal using the branches of the river constituted major transportation means. 
Numerous bridges were obviously necessary for the citizens to cross the canal together with a wharf 
on the river bank, which certainly contribute to the prosperity of the city by activating trade and 
commerce. As a result, the population of the city grew and need was to expand the city to the other 
bank of the river. Such example of city formation can also be observed in the development of Venice 
or more recently in the development of Gangnam in the southern bank of Han River in Seoul. 

3.1.1 The Roman Period 

The real start of the development of roads and bridges should be traced back to Roman Period. The 
origins of city state of Rome root on a collection of villages before BC 753, which continuously grew 
to form the actual historic centre of Rome built on seven hills and became a huge city comprising 8 
bridges with a population of about 1 million around AD 4th century. The maps in Fig. 9 are depicting 
the urban structure of early Rome and in the 18th century [1]. Early Rome was using the Tiber River 
as a natural defence line, and the city extended to the opposite bank of the river to absorb the inflow 
of population in the 18th century. Fig. 9 also shows the Fabricio Ponte, the oldest bridge over the 
Tiber. The Roman Empire spread its frontier throughout Europe and built thousands of castra, 
fortified military camps that were used to shelter stationed garrisons in the occupied territories. Rome 
needed efficient transportation means to dispatch and repatriate its troops including roads and bridges. 
The admirable roman road system and bridges were the indispensable instruments necessary to 
maintain and sustain the prosperity of the Roman Empire and sustain, and provided the foundations of 
civil engineering in the occidental world. The contrast with the Korean peninsula is noteworthy since 
roads were not built as possible in order to obstruct the march of invaders.   

   
Fig. 9 Maps depicting early Rome and Rome in the 18th century [1], and Ponte Fabricio over the Tiber    

3.1.2 Bridges and medieval modern cities  
The Middle Ages are a period in history which lasted for roughly a millennium (AD 400~1000). 
This includes an early period called the Dark Ages and characterized by the political fragmentation 
through feudalism and the omnipotence of the religion through Catholicism. Medieval cities 
reflecting such social circumstances were walled cities built in order to increase the efficiency of 
the city defence during the wars between feudal lords. These cities were thus naturally erected 
uphill or in islands to take full advantage of the topographical relief. A typical medieval walled city 
is Paris built in the île de la Cité, an island located in the Seine River. The original city, Lutetia, was 
a village conquered by the Romans. The city developed to become a large centre of trade in the 
Middle Ages and a number of rudimentary bridges were erected to connect the island with the 
banks of the river (Figs. 1 and 10).  

3.2 Evolution of bridges in the Industrial Revolution 

3.2.1 The revolution of materials 
During the 1800s, the Industrial Revolution spread throughout Britain, propagated throughout 
Europe during 200 years and brought tremendous changes in the society. As a result, the European 
society shifted rapidly from an agricultural structure onto an industrial structure and urban life 



 

emerged as a new lifestyle. The so-developed modern cities emphasized economical efficiency and 
grew up as metropolis in order to achieve economy of scale. The striking development of sciences 
after the Industrial Revolution enabled the invention of all sorts of weapons, which annihilated the 
necessity of the medieval fortressed walls and allowed accelerated expansion of cities. The 
revolution of sciences also eliminated the physical obstacles to the expansion of cities laid by 
threatening mountains and wide rivers. In other words, cities were not limited anymore by 
topographical or geographical constraints. Natural limits could be overcome by drilling tunnels or 
cutting mountainous zones and by constructing bridges over rivers.  
France was also deeply influenced by the Industrial Revolution. Rural population started to migrate 
massively to Paris and Paris needed huge re-urbanization to absorb the inflow of population. 
Accordingly, the city undertook extensive construction of new boulevards, commercial and business 
functions were gathered in the central area, and the factories and residences of workers were 
disposed at the periphery of the city. During this process, the early walls of the city impeded the 
redevelopment works. The original walls were preserved until the 19th century and new walls were 
constructed three times to cope with the spatial expansions of the city. Fig. 11 illustrates the 
successive surrounding walls of Paris: Philippe-August rampart (13th c.), Charles V wall (15th c.), 
Louis XII wall (17th c.), Mur des Fermiers Généraux (1787) and Enceinte de Thiers (1844). A large 
number of bridges were also built across the Seine to respond to the extension of the road network 
between major centres (Fig. 12).  

 
Fig. 10 Ile de la Cité 
in 1540 

Fig. 11 Successive walls of Paris Fig. 12 Satellite image of Paris with 
numerous bridges crossing the Seine 

An obvious fact is that there was no particular change in the forms of bridges until 1776 before the 
Industrial Revolution. This can be explained by the limitation of the raw construction materials like 
stone and timber that could be obtained from the nature. However, the Industrial Revolution opened 
the era of mass production, the material revolution, and particularly mass production of steel. This 
precious material began to be skillfully exploited as construction material and brought revolutionary 
change in bridge technology. The Industrial Revolution initiated not only mass production of 
industrial products but also mass distribution of raw materials. Therefore, more roads and railways 
were imperatively required to satisfy such societal changes. Demand was also for the construction 
of longer and stronger bridges, which stressed the urgency for the development of integrated bridge 
technology. Developing innovative materials was not the only solution to realize longer and 
stronger bridges. Bridge engineers to become experts and understand the mechanical principles 
have to study mechanics of materials, structural mechanics, statics, dynamics, continuum mechanics, 
mechanics of plastic deformation and theory of cable during the undergraduate and graduate 
courses in order to be able to design and construct bridges. Especially, the growing complexity of 
bridge structures is also requiring the development of approximate analysis methods like the finite 
element method using the capacity of computers instead of the traditional structural analysis 
methods.  

3.2.2 The info-communications revolution of 1960s and the 21st century 
The information and communications revolution in the sixties transformed radically the world and 
also revolutionized the design of bridge.  



 

 
Fig. 13 Evolution of maximum bridge length  

Computational time shortened in scale 
unimaginable before 1960 allowing bridge 
engineers to predict the behaviour of structural 
members regardless of the complexity of the 
bridge or loads, which let full freedom to bridge 
engineers in achieving their original and creative 
capacities. The info-communications revolution 
opened possibility to increase the strength of the 
wires constituting cables and initiated the rapid 
development of cable-supported bridges in the 
mid of 20th century. This revolution finally 
allows us to design any type and form of bridge 
today. 

Even though, the poor interest dedicated by the public to bridge technology in the 21st century can 
be attributed to the slow fusion with other fields of sciences after 1960s. In fact, the longevity 
required for social infrastructures including bridges that should last for minimum 100 years or even 
1000 years can be seen as the major cause of this delay. This need for extended lifetime, which is 
directly related to safety and maintenance problems, impedes prompt application of newly 
developed technologies since these technologies must be verified and approved before application.  
As observed above, the development of 
bridges is at first correlated to the 
development of cities as well as to social 
changes. This means that if engineers remain 
obstinately applying the traditional 
Newtonian physics, bridge engineering will 
likely decline as a simple subcontracting 
party of other scientific fields. Especially, 
considering that the future society will 
request bridge to be designed with public 
design features, priority should be given to 
implement fusion with urban engineering and 
architecture.  
The most typical characteristics 
distinguishing construction from other 
engineering fields is the possibility to create 
integrated cultural values. A positive point is 
the increasing recognition of such potential 
by a large majority of the policy-makers 
since the entrance in the 21st century, which 
is extremely encouraging for our bridge 
engineers. Recent examples could be found 
in the urban development of Songdo Free 
Economic Zone (FEZ) or Dubai, where 
bridges are playing critical roles in the city 
formation (Figs. 14 and 15). 

Fig. 14 Songdo FEZ and Incheon Bridge 

Fig. 15 Deira arch bridge in Dubai 

3.3 Evolution of bridges with the changes of transportation means from river and harbor to 
railway and road 

A dramatic event that cannot be omitted in the Industrial Revolution is the steam engine licensed by 
James Watt in 1796. The development of this innovative transportation means allowed the 
expansion of the market by easing the transport of goods and, promoted intercity communications 
by easing the migration and movement of people. Until the appearance of the steam engine, the 
transport of heavyweight freight was more economical by water than land carriage. This explains 
the boom of canal transport, which established the inland waterway network connecting most of the 
rivers in the late of 18th century in UK. The development of railway initiated the gradual shift from 
waterway to railway freightage. The great markets and centres of population had much to gain from 



 

quick and safe intercommunication, and their needs were at once an incentive and a reward to the 
railway builders. As a result, the Firth of Forth railway bridge completed in 1890 aroused enormous 
public interest, carrying the railway from Edinburgh to the North, forms one of the most vital links 
on the route of the “Flying Scotsman” (Fig. 16).  

   
Fig. 16 Views of Firth of Forth Bridge crossed by the famous “Flying Scotsman” 

4. Effects of Bridges on the Economy 
As observed in the previous chapter, roads and by extent bridges are playing essential roles in 
expanding the living space and quality of life as transportation network for people and goods. Such 
infrastructures are thus contributing to the economic growth of the community at the city level and 
national level. Bridge as SOC is now taking full part of the economy and the tremendous losses and 
aftermaths provoked by the collapse of major bridges like the Arkansas River Bridge in 2002 and 
the I35W Bridge in Minnesota in 2007 are also demonstrating their importance on the economy.  
Apart from such effects, bridge can also be a motor of the regeneration or revival of the local 
economy like the restoration of Cheonggye Stream in Seoul or Millau Viaduct in France. Millau 
Viaduct (Fig. 17) spans a 2km valley and the Tarn River in the Massif Central mountain range and 
form the final link in the A75 highway from Paris to Barcelona. The viaduct has become a 
landmark of the region and already attracted numerous tourists during its construction. Once it 
started operating, the most optimistic forecasts on the effects of the bridge were surpassed and the 
valley of Millau experienced economic boom. Approximately 1 million visitors passed through 
Millau to admire the bridge in 2005, factories which had moved have returned to the area, the 
mayor of Millau approved more than 100 building permits in 18 months for the construction of 
three hotels plus other businesses and industries, and even the number of births has increased.  

 
Fig. 17 Millau Viaduct across Tarn River in France 
The recognition of the economic potential provided by bridges is today reaching such an extent that 
numerous projects are seriously considered to link continents such as the Bering Straits Bridge and 
Gibraltar Straits Bridge. 

4.1 Bridges and city formation 
It is noteworthy that 60% of the world population is currently living in urban area and this 
proportion reaches 87% in Korea. All cities are immense collective and evolving artefacts, the 
products of the human imagination transforming the land through buildings, roads, and shaped 
spaces. Often cities will either be coastal, have a harbour or be situated near a river to benefit from 



 

economic advantage since water transport was cheaper and more efficient than road transport over 
long distances. Therefore, bridge in the formation of a city was and is still essential for its 
expansion and its economy, being a key infrastructure in the road transportation network.  

 
Fig.18 Rialto Bridge in Venice 

Venice in Italy constitutes a remarkable example of the 
role of bridge in the city formation. Today, Venice is 
composed of 126 islands, separated by about 200 canals 
and connected by about 450 bridges. At the time of the 
development of Venice, the absence of bridge between the 
two sides of the Grand Canal was a critical problem for the 
Establishment since the commercial centre of the city, 
Rialto market, was located on the eastern bank. Since 
1097, Venetians have depended on the Rialto market for 
their daily supplies of fish, vegetables, fruit, and other 
foodstuffs. Therefore, a pontoon bridge was built in 1181 
at the emplacement of the Rialto Bridge. During the first 
half of the 15th century two rows of shops were built along 
the sides of the bridge. The present Rialto Bridge was built 
by Antonio del Ponte in 1591 (Fig. 18). 

Lower Manhattan is the birthplace of New York City and of USA, George Washington was 
inaugurated as the first president of the United States on the steps of Federal Hall. In 1814, Robert 
Fulton gained a franchise to operate ferry service via steamboat from Brooklyn to Manhattan, which 
enabled both Brooklyn and Manhattan residents to travel easily back and forth across the East River. 
As the population of Brooklyn exploded, it became a city in 1833, and throughout much of the 
1800s was the third most populous city in America. The opening of the Brooklyn Bridge in 1883 
and subway service in 1908 brought changes to the district. The construction of Brooklyn Bridge 
was involved in the series of actions by decision-makers to cope with the rapid urban growth [9]. 

 
Fig. 19 Bridges over East River in NYC 

In 1898, the modern City of New York was formed with 
the consolidation of Brooklyn, Manhattan and outlying 
areas. Manhattan is now the economic engine of New 
York City, with its 2.3 million workers drawn from the 
entire New York metropolitan area accounting for almost 
two-thirds of all jobs in New York City. The importance 
of the Brooklyn Bridge as a landmark cannot be 
overstated (Fig. 19). People come to New York from all 
over the world to see the Brooklyn Bridge. There are 
even Brooklyn Bridge fan clubs in Italy. New tourists 
spend approximately $15 billion and generated $220 
million in hotel tax revenue in 2007. These examples 
show the overwhelming effect of the bridge on the city 
formation as well as on the economy of the city. 

4.2 Bridges and national economy 
The effects of the bridge on the city formation and economy have been examined. However, even if 
the construction of bridge is often planned owing to local necessities, the subsequent restructuration 
of the urban transportation network has impact extending at the national level beyond the limits of 
the city. Construction of bridge has indeed direct effect on the national economy and may boost the 
economy through its erection itself. For example, the Golden Gate Bridge was built during the 
Great Depression. This had direct impact on the labour market through job creation in San 
Francisco by employing workers without additional strain to the local economy. In fact, the 
construction of the Golden Gate boosted the local economy and steelmakers all over USA. This 
means that bridge is also part of the GDP. 
According to the World Bank, the economic progress in Korea achieved in the past 4 decades is one 
of the most outstanding success stories in international development. Once known to be the poorest 
agrarian society, Korea has undertaken economic development since 1962 throughout a series of 5-
year economic plans. 



 

 

 

Fig. 20 Bridges over the Han River in Seoul 
and satellite view of a part of Seoul 

As a result, Korea has realized the “Miracle on the Han 
River”, the period between 1960s and 1970s in which 
there was an extraordinary and rapid economic and 
industrial growth in Seoul, the city in which the river 
Han flows. Seoul is now the undisputed centre of 
Korea’s politics, culture and economy with about 47% 
of the population of the country. This represents a 
higher population density than metropolitan areas of 
other countries like less than 20% for the metropolitan 
areas in and around London or Paris and approximately 
32% for Tokyo in Japan. In order to cope with the 
inflow of population, Cheonggye Stream in downtown 
area was filled in and paved, and the southern bank of 
Han River was developed and connected to the northern 
bank by means of numerous bridges of which Jamsil 
Bridge, Dongjak Bridge and Yeongdong Bridge. The 
growth of Seoul as the heart of Korea had direct impact 
on the economy of the country and helped it to host the 
24th Olympiads in 1988.  
The development of Seoul was also conducted with its 
connectivity with the southern areas of the peninsula 
which resulted in the construction of expressways and 
railways like the Gyeongbu expressway and Gyeongbu 
railway. 

Such efforts were performed to also realize balanced regional development all over the peninsula. 
In such policy, the construction of bridges has been and is of primary importance to reduce 
distances and provide connections for remote areas (Fig. 7).  

   
Fig. 21 Comparison of the evolution of span length of bridges with GDP scale in Korea and China  

It is noteworthy that the span length of the bridges built all along the economic development of 
Korea is correlated to its economy scale (Fig. 21). Such trend is observable for China but remains 
limited to countries which experienced rapid economic growth in a short period of time. This 
correlation may be attributed to the will of these countries to exhibit their economic power and 
technological achievements through monumental structures like bridges. Bridges cannot be 
dissociable from the economic development of a country not only as a critical SOC in the 
transportation network but also as a symbol of the technology level of the country, especially in 
developing countries.  

5. A Prediction of the Future Bridges 

5.1 Prediction of the future society 
The keywords that will feature the future society are undoubtedly globalization, uncertainties and 
insecurity, sustainable development and discrimination through scientific technology. Among these 
keywords, futurologists are unanimously pointing out the four following problems to be solved in 
order to hand over sustainable society to the next generations: (1) increase and aging of population 



 

and urban centralization/overpopulation; (2) climatic changes; (3) environment-friendly 
development; and, (4) design philosophy with lifetime perspective. For example, the world 
population is expected to reach 10 billion by 2050 of which eight countries, India, Pakistan, Nigeria, 
the Democratic Republic of the Congo, Bangladesh, Uganda, USA, Ethiopia and China, are likely 
to contribute half of the world’s population increase. The consequences will be lack of space, water 
and food shortage, problems related to energy resources and supply, pollution, disposal of wastes, 
etc. The modernization of huge countries like India and China is already accelerating the exhaustion 
of iron ore mines as well as fossil fuel reserves, which is concretizing through the continuous rise of 
prices worldwide. Besides, statistics predict that Korea’s population will reach a peak by 2024 and 
then will step towards a super-aging society rather than diminishing, which will result in the loss of 
consumption and competitiveness, and slowdown of the economic growth. Following, predictions 
prospect a population of 30 million in 2050, which is worrisome for our position among the 6 
billion people that will live in Asia at that time.  
On the other hand, the global warming is gradually increasing the greenhouse gas and subsequently 
the temperature of the earth. This is leading to the glacier retreat as can be seen in the start of the 
melting of the South and North Poles, and the rise of sea levels. All over the world, global warming 
is already having tremendous effects like climatic changes through the increase of the maximum 
speed of typhoons and local heavy rains that are gradually increase in intensity. There was 
obviously a time that consumption was a virtue, but the future is now requiring us to pour our 
efforts to create innovative renewable energies like solar heat, wind power, etc., as well as recycle 
wastewater and wastes at the national level.  
In the construction sector, the future society necessitates dramatic change of the policy paradigm 
through the preparation for urban changes and super-aging society, technology fusion, prevention of 
climatic changes, supply of energy demand, and securing of public safety. Concretely, this should 
be implemented through the preparedness for the future concentration of the population to urban 
areas by the efficient exploiting of space, the expansion and optimized management of transit 
transportation network, and the creation of symbolic structures in the cities. Technology fusion will 
boost new business and improve the productivity of construction including the automation of 
construction, ubiquitous cities, intelligent and smart transportation system. Global standards are the 
only way to survive in the globalized technology competition today and in the future. The 
implementation of interdisciplinary R&D and the creation of an environment favoring original 
research are urgent to prepare for securing intellectual property rights of advanced countries and 
acquiring predominance in standardization.  
The future shortage of fossil energy resources is emphasizing the need for technologies dedicated to 
environment-friendly cities and future alternative energies. Wars, terror and the destruction of 
energy infra constitute striking factors for the security of energy. Accordingly, countries are 
deploying active policies in order to secure appropriate prices for energy. In addition, after the 
entrance in the super-aging society, space should be developed to enable free activities for 
handicapped people and aging population. Construction shall adopt innovative concept to respond 
to the societal demand for safety and security. Especially, the market for seniors including 
residential space, medical facilities and leisure facilities is emerging and stressing the necessity to 
endeavor efforts to improve the quality of life.  

5.2 Prediction of the future evolution of bridges 
The evolution of bridge started extensively with the exploitation of cast iron as construction 
material after 1800. Thereafter, bridge technology continued to develop with the adoption of 
earthquake engineering after the San Francisco earthquake of 1906. A milestone in the evolution is 
the advance of wind engineering, which boosted bridge technology after the collapse of Tacoma 
Narrows Bridge in 1940. Hence, even if the forms of bridges did not experience particular change, 
bridges evolved exponentially in terms of scale and landscape. However, as mentioned earlier, the 
values of social infrastructures required by the future society being different from those of the past, 
bridges of the future are likely to evolve beyond technological aspects as they have done during the 
last 200 years.  
To date, spatial expansion of cities processed horizontally in 2 dimensions while future cities are 
likely to grow vertically in a 3-dimensional space. Such new dimension is meaning that the bridge 



 

shall provide additional functions and be integrated as part of the whole city rather than remaining a 
simple structure. To that goal, the structure of bridge shall become more flexible and its 3-
dimensional behavior shall be always predictable using advanced analysis techniques. Therefore, 
multi-functional construction materials shall be developed to secure such flexibility. Furthermore, 
automatized construction techniques and maintenance system shall also be developed in parallel to 
enable the erection of complex structures. However, even if design enabling lightweight, flexible 
and constructable structures can be realized, securing the durability and safety of the whole system 
should be priorities. The bridge of the future shall create new values through R&D promoting 
originality and technology fusion by responding to problems related to environmental protection, 
disaster prevention, increase and concentration of population, urban overpopulation, shortage of 
energy and natural resources. 
The bridge of the future shall also participate to the globalization process and contribute to realize a 
sustainable world even under the growing risks produced by all kinds of uncertainties. 
Globalization is a process unifying countries into a single society. The credit crunch that started in 
USA and spread worldwide is demonstrating the globalization of the economy. In order to survive, 
isolationism or withdrawal from the global economy cannot be solution for individual countries 
since national economies are today integrated into the international economy through trade, foreign 
investments, capital flows, migration and spread of technology.  
In the case of SOC and bridge in particular, the point to be stressed is that bridge will not remain the 
asset of a unique country anymore. Apart from several examples of bridges linking two countries, 
the future Messina Bridge in Italy will probably be the last longest bridge to be built by a single 
country even if funding will be provided at the European scale. This means that the length or scale 
of bridges has always been dependent on the scale of the economy as shown in Fig. 22, which plots 
the evolution of the world economy together with the evolution of the bridge span length. The 
world GDP experienced exponential increase with similar evolution of the span length according to 
the diverse materials used at each period of time.  

   
Fig. 22 Evolution of World GDP and evolution of bridge length 

It can be expected that future bridges with span length longer than Messina Bridge will be inter-
continental bridges like the bridge projected to cross the Gibraltar Straits and the eventual bridges to 
link Korea and Japan or Korea and China. Therefore, strengthening of international cooperation in 
technology domain as well as in economy domain will be essential for such bridges to be realizable. 
Consequently, the task of today’s bridge engineers is to prepare actively for the bridge of the future 
in terms of technology, economy and policy in order to achieve sustainable habitat with respect to 
the predictions made for 2050.  

6. Conclusions 
Except for the bridges erected before the Independence in 1945, the development of bridges in 
Korea started concretely after the establishment of the Korea Expressway Corporation for the 
construction of the Gyeongbu Expressway in 1969. Despite the huge post-war works conducted to 
restore the bridges damaged or destroyed by the Korean War, the design and erection of bridges 
began seriously with the construction of the Gyeongbu Expressway. Throughout the 40 years after 



 

such initiation, bridge design and construction technology in Korea has realized tremendous 
development that propelled our country among the worldwide bridge-leading nations.  
Even tough bridge technology in Korea fulfilled conscientiously its role as a tool for the successful 
execution of the industrial development policy of the government until the end of the 20th century 
that was, designing bridge as a simple means of transportation. Such approach regretfully failed to 
consider bridge as a major and important element participating in the city formation and its value as 
cultural asset integrated in the everyday life of the citizens. 
This paper attempted to examine the development and changes of the roles and values of bridges 
with the flow of time, and analysis of the societal requirement in the future was done to predict the 
future evolution trends of bridges. 
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