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ABSTRACT

In the wake of the continuous acceleration of urbanization in China, the problems of traffic
congestion, environmental pollution and inefficient travel caused by the high-mobility travel
mode have gone from bad to worse. In the past few years, under the call of energy
conservation and environmental protection and green commuting vigorously advocated by
Chinese government,the bike-sharing in China is enjoying wide popularity among the
public .However, there are still many issues due to the lack of perfect bicycle road network.
This paper describes the construction of a new transportation network by building bicycle
viaducts inside the city, to divert motor vehicles from bicycles,improve bicycle speed and
ensure the safety and independence of bicycle travel. At the same time, in virtue of the
construction of bike viaducts, we hope to achieve the cooperation in "PPP mode" between
the government and the bicycle enterprises, mutually apply and manage bicycle elevated
road, and provide a low-carbon, safe and fast new way of travel.
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1. BACKGROUND

As economy of China develops rapidly and people’s living standards become higher, the
pace of life is accelerating and the vehicle retention is rapidly increasing. Traffic congestion
in urban areas is growingly serious which has become normalized. The speed is even below
10km per hour in the center of some cities. Meanwhile, a series of environmental problems
such as municipal pollution, environmental degradation, energy crisis and global warming
are looming along with the consumption of fossil fuels. It is imperative to change the
traditional concept of development and develop a traffic mode dominated by the low-carbon
transportation.

In 2008, Beijing pioneered the first urban public bicycle system after the Olympic Games.
So far, all provinces and autonomous regions in China have established government-
ledurban public bicycle system. However, the piles of urban public bicycle system confined
to the lack of its own hardware and software and did not really let the bicycle grow in its
“second spring”. Until the second half of 2016, as the capital feast shifted to bike-sharing,
the no-pile shared bikes represented by ofo and mobike, began to thrive all over the country.

Currently, the road design system based on motor vehicles in China has determines that
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the construction of bicycle lanes cannot squeeze the original motor vehicle lanes, while
widening roads is also extremely difficult and unrealistic. Former Soviet Union transport
experts once have proposed the construction of bicycle viaducts in the busy traffic area of
the downtown area, so that the traffic capacity could achieve the excellent effect comparable
to that of the subway. With the collapse of the Soviet Union, these plans came to an end.

Considering the current boom of bike-sharing in China, bicycles are diverted from the ground
to the air. The author contends that it is feasible and effective to build bicycle viaducts in
large and medium-sized cities in China.

2. SCOPESANDOBJECTIVES

Based on the requirements of developing bicycle traffic and the environment of bike-sharing,
this paper puts forward the construction of urban bicycle viaducts to cope with the dilemma
of urban traffic jams. The objectives mainly include:

1. The necessity of developing bicycle traffic;

2. The feasibility of building bicycle viaducts;

3. Construction form and technical standards of urban bicycle viaducts.

3. THE NECESSITTY OF DEVELOPING BICYCLE TRAFFIC

3.1 Worsening urban traffic congestion

According to the relevant statistics, the number of motor vehicles in China has reached 310
million by the end of 2017, of which 217 million vehicles are motorcar, and it continues to
maintain rapid growth. The growth rate of vehicles far exceeds the carrying capacity of the
road, and the road traffic facilities are also relatively backward, which lead to frequent traffic
jams in major cities across the country. According to statistics, 90% of the cities in China
with a population of over one million are approaching the maximum traffic capacity, and
about 80% of the road capacity is also near the limit. In the urban areas of many metropolis
in our country, the averagespeed of motor vehicles is only 12km/h,even with 8-10km/h in
the center of the city. Urban traffic congestion has become normalized, seriously affecting
people's daily life,resulting in the waste of resources and environmental pollution.

3.2 Current situation of bicycle lane

In China’surban road design specifications and urban construction, although it spares space
for slow-traffic lane, however, there are few construction and policies on bicycle lanes.The
slow-traffic lane is gradually occupied by the motor vehicles or expanded to the path, or
diverted to parking zone under the circumstance of increasing traffic congestion and difficult
parking.The riders are forced to mix with pedestrians and vehicles, resulting in a sharp drop
in traffic efficiency and dramaticincrease in traffic conflict. Due to the flexibility of bicycles, it
often interspersed in the motor vehicle lane, greatly increasing the probability of the traffic
accidents and posinga great threat to the safety of the rider.Restoring the right of way and
ensuring the travel safety is the premise for the revival of bicycle traffic, which is also the
critical judgment for residents to choose the traffic mode. [1] However, it is unrealistic to
regain the right of bicycle lanes in a short time. Therefore, it is inevitable to develop the
bicycle viaducts.
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3.3The dilemma of bike-sharing parking

With the boomingdevelopment of bike-sharing in 2017,bicycle is gradually gaining its
popularity in China. However, the disordered parking of bike-sharing seriously affects the
appearance and order of cities and brings a heavy burden on the management. The renter
can park the bike at the place closest to destination after using it, which is one of the
conveniences and advantages of bike-sharing.Actually, people will park bicycles everywhere,
such as the side of the road, the greenery or even on the road when they arrive at their
destinations, causing chaos and destruction of the green belts. This not only interferes with
traffic but also damages the appearance of the city.Even if the bikes are parked properly,
after all, they are parked on the sidewalk, which poses a problem for urban management
department. Although these problems did not interrupt the development of bike-sharing,
parking problems remain unresolved and ubiquitous in cities. It is not feasible for bicycle
enterprises to put their hope on the consciousness and cooperation of the public instead of
seeking effective solutions.

4. THE FEASIBILITY OF BUILDING BICYCLE VIADUCTS
4.1 Advantages of bicycle replacing private car

In recent years, the haze has seriously affected people's normal life and health, deteriorating
the air quality of large and medium-sized city in China which is directly related to the rapid
increase in vehicles. The pollution caused by vehicle emissions has played a great part in
the source of urban air pollution. Therefore, it is one of the inevitable choices for the
development of urban transport in China to build a low-carbon transportation system
characterized by low-carbon, green, environmental-friendly, high-efficiency, low-consumption and
safety.[2]

In terms of energy-consumption and the emissions of Carbon dioxide, motorcaris the most
energy- consuming transport mode in different transportations, reaching 2795.1 KJ per hour,
while the bicycle is the least. As shown in Table 1.

Tab.1 Comparison of energy consumption and emission by
different transport modes|2]

Transport modes Bicycle Walk Motorcar Bus Subway
Energy consumption
63.84 328.86 2795.1 714 322.4
[KJ - (person -km)-']
Comparison of energy 1 5.2 43.8 112 505
consumption
Emission of CO2
0 133.9 19.4 4.7

[g - (person - km)]

According to a study of Copenhagen government, 1 km of bicycles riding can generate net
social benefits of 1.22 Krone (about1.19Yuan), while driving will produce 0.69 Krone. The
construction of 1 km bike lane will bring about the net social benefit of 423,000 Krone (about
420,000 Yuan) in 20 years.Among various social benefits brought by bicycles, it contributes

significantly to public health, urban marketing and tourism, air pollution and the reduction of
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greenhouse gas. For example, Copenhagen was voted one of the most tourist-attractive
cities in the world by Time in 2010, due to their successful marketing of bicycle brand image,
and has been selected one of the most livable cities in the world by Numero for many
years.The benefits of health and emission-reduction brought by bicycles for Copenhagen
can't be underestimated, not only saving nearly 3.7 billion SEK in health-care expenditure,
but also reducing 90000 tons CO2 annually in Copenhagen.

Judging from the experience of urbanization in developed countries, it is an inevitable
requirement for the future development of urban transport to return from motorcar to bicycle.

4.2 The foundation of constructing urban bicycle viaducts
4.2 1The requirement of sustainable urban development

With the increasing complexity and diversity of modern urban spatial structure and function,
the traditional urban form and planning method that have grown along a two-dimensional
plane has been unable to meet the needs of social development and function. Urban space
is increasingly becoming a systematic and three-dimensional trend.Under the background
of highly comprehensive and three-dimensional development of urban functions, the urban
bicycle viaduct in the air is one kind of facilities that solves the traffic problem, enhances the
accessibility of commercial areas and improves the urban traffic system.

4.2.2The popularity of bike-sharing

JiGuang Big Data (a mobile big data service provider in China) demonstrates that the MAU
(monthly active users) of ofo and mobike in December has both exceeded 20 million, the
former is 26.93 million, thelater is 23.782 million. As related research reports show, in the
first and second quarter of 2017, the users of ofo had accumulated a total of 1791 million
kilometers in 20 cities of the country, which is equivalent to 44694 circles around the earth.
After bike-sharing was threw into market, nearly 80% of urban congestion has been relieved
from the same period, among them, the congestion in 15 cities dropped more than 8%. In
Beijing, over 60% of the congestion around the subway stations has been relieved, and the
overall congestion has fallen by 4.1% over the same time. The prevalence of bike-sharing
is an opportunity for development of urban bicycle viaducts in China.

4.2.3 Government policies

On February 6, 2016, the CPC Central Committee and the State Council promulgated the
"Opinions on Further Strengthening the Management of Urban Planning and Construction”,
which explicitly put forward the requirements of "strengthening the construction of bicycle
lanes and pedestrian lanes and promoting green travel".Guidance on encouraging and
standardizing the development of Internet rental bicycles was enacted in August 2017. The
document stipulates the operation, management and safety of the shared bikes, and also
puts forward the requirements of "improving bicycle traffic network". It points out that the a
reasonable slow-traffic network and parking facilities for bicycles should be rationally laid
out and integrated into the urban transportation system and connected with the urban public
transport planning. At the same time, we should actively promote the construction of bicycle
lanes and improve the network and accessibility of the bicycle lanes.It is wise to optimize
bicycle traffic organization, improve road signs, correct illegal occupation of non-motor
vehicle lanes, and guarantee the condition of bicycle traffic.
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5. CONSTRUCTION FORM AND TECHNICALSTANDARDS OF URBAN BICYCLE
VIADUCTS

5.1 Three categories of urban bicycle viaducts

There are three modes of urban bicycle viaducts: the first type is the tourist scenic bicycle
viaduct. For the tourist city with certain view and landscape needs, the bicycle viaduct can
be used to connect transportation hubs and urban areas, suburban hot spots or as a
connecting route between scenic spots, avoiding tourists bringing pressure to the
originaltraffic. At the same time, bicycle viaducts can also be used as scenic roads to attract
tourists. The second type can be used to connect large-scale residential areas and work-
gathering areas.Traffic between large and medium-sized cities, large-scale residential areas
and work-gathering areas in our country is usually the "hardest hit" area of urban traffic
congestion. The construction of urban air-bicycle routes between large-scale residential
areas and work-gathering areas can alleviate traffic pressure, share commuters and even
shorten commuting time. The third type can be built on the main arterial roads and secondary
arterial roads in the cities to share the pressure on urban roads and ease congestion.

5.2 Construction form of urban bicycle viaducts

The main part of the bridge can be used in two forms of construction, one is the use of
single-column structure, which is similar tothe construction of the motor vehicle viaducts.
The other is attached to the motor vehicle viaducts side. As the light weight of the bicycle
viaducts and small traffic flow, selecting single-column structure can reduce investment and
cost savings. Besides, the form is simple and beautiful, and the construction is convenient.
The material is steel, because the steel structure has the advantages of light weight,
convenient and rapid construction. The steel structure will make the bridge elegant in sight,
reducing the building's own visual impact on people. We can supply shared bikes and urban
public bicycles in the area next to the entrance and exit of the viaduct, making it convenient
for riders to use.[3]Set a certain number of rider's rest platforms, bike parking platforms and
bike lifts for the convenience of cyclists.

In addition, the bicycle viaducts does not simply separate the riders from the ground, but
should integrate into the existing cityscape.

Figure.1 Rendering and cross-section[4]

6. CONCLUSION AND PERSPECTIVES
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As cities continue to develop in a three-dimensional manner, the road structure system will
inevitably change. The contradiction between the urgent need for low-carbon travel in recent
years and the imperfection of the existing road network has also intensified. The construction
of bicycle viaducts is the product of this background, which can meet people's current needs
to some extent. At the same time, we should compile the special criterion,unify the standards
of construction and improve the management system to cooperate with the related work.

This paper mainly discusses the bike viaducts in large and medium-sized cities of China. In
addition, under the current dilemma caused by bike-sharing to urban managers and bicycle
enterprises, enterprises can cooperate with government to construct and manage the
bicycle viaducts with "PPP mode"(Public—Private—Partnership). The Chinese government
and enterprises share their responsibilities reasonably and effectively for mutual benefits.
With the constant construction and improvement of bicycle lanes, it will also be possible to
build inter-city or even inter-provincial bicycle viaducts.

37th Annual Southern African Transport Conference (SATC 2018)

Proceedings ISBN Number: 978-1-920017-89-7 9-12 July 2018

Produced by: Jukwaa Media : www.jukwaa.net Pretoria, South Africa
854



REFERENCES

[1]XUE song, 2014, Low-carbon travel:Bicycle traffic in Copenhagen,Denmark.Eco-city and
Green building,p.86

[2]SU Chengyuan, 2012. Analysis of Urban Transport Carbon Emissions and Low-carbon
Development Mode—A Case Study of Shanghai.Journal of Highway and Transportation
Research and Development, p.143-146

[3]Yang yue, 2015. “Undefined Space” in city—Research of Viaduct Bottom Space
Transformation and Utilization.

[4] http://www.dw.dk/xiamen-bicycle-skyway/

37th Annual Southern African Transport Conference (SATC 2018)

Proceedings ISBN Number: 978-1-920017-89-7 9-12 July 2018

Produced by: Jukwaa Media : www.jukwaa.net Pretoria, South Africa
855



	Cover
	Review
	Review Process
	Reviewers
	List of Reviewed Papers

	Organising Committees
	Uber Report (Sponsor)
	SEARCH
	CONTENTS
	Plenary Presentations
	The Road Construction Sector’s Contribution to the Transport Future that we Desire
	Beyond Mobility: Toward Prosperous, Livable and Inclusive Urban Futures
	The Role of Air Transport in the Strategic Development Mix of South Africa

	1a: 4th International Conference on Transport: Infrastructure
	The Third Report Card: Transport Fixed Infrastructure Results and Conclusions
	An Economics-based Road Classification System for South Africa
	Proposed Method to Calculate Asset Values for Road Structures
	Investigation of Flood Effects on Road Performance: A Case of Arusha, Tanzania
	Bhutanese Road and Bridge Resilience to Floods and Landslides – First Suggestions for
	Consequences of Delayed Maintenance of Pavement Networks
	Porosity and Permeability Evaluation of Pervious Concrete using Three-Dimensional X-Ray
	Development of Warm in-Place Recycling Technique as an Eco-Friendly Asphalt

	1b: Treasury Session - Public Transport and Spatial Transformation
	No Papers Available

	1c: Rural
	Influencing Factors for Future Youth Entrepreneurs: A Conceptual Framework for the Transport Industry
	Empowerment of Women in the Transport Sector Value Chain: Lessons for Policy and Practice
	Locked-Up Gains and Missed Opportunities: A Rapid Review of the 2007 and 2018 Versions of the Rural Transport Strategy for South Africa
	The 4th Industrial Revolution, Improve your Skills or be Deemed Irrelevant
	Passenger Transport by Light Delivery Vehicle (LDV) in the Vhembe District Municipality of Limpopo Province, South Africa
	Exploring Industry’s Contribution to the Labour Intensive Construction of Low Order Rural Community Access Roads
	Scientific Approaches to Link the Targets Identified in NATMAP and NITSF to Measurable and Comparable Annual Targets Applicable to the Local Municipality Sphere of Government

	1d: Freight and Logistics
	Interventions to Improve Freight Vehicle Road Safety in Ethekwini Municipality
	Drive: A Distance-Based Road User Charge Voluntary Experiment
	Geotrack: An Efficient Simulation Tool for the Analysis of Heavy Vehicle Manoeuvrability
	The Truth about Piracy
	3D Printing Impacts on South African Third Party Logistic Service Providers

	2a: 4th International Conference on Transport Infrastructure
	Laboratory Evaluation of Road Construction Materials Enhanced with Nano-Modified Emulsions (NMES)
	Development of a New Laboratory Accelerated Machine-Multivariable Accelerated Abrasion Machine
	An Investigation of Aggregate Degradation in a High Stress Field
	The Effects of Angularity of Coarse Aggregates on Asphalt Mixture’s High-Temperature Performance and Compaction Performance
	Evaluation of Stiffness of Cement Stabilized Granular Lateritic Soils using Ultrasonic Pulse Velocity (UPV) Test
	Importance of the Zero Point in DCP Testing of Structural Capacity of Flexible Pavements
	Finite Element Analysis of Effects of Asphalt Pavement Distressers on FWD Dynamic Deflection Basin
	Effect of Moisture Content and Rock Content on the Resilient Modulus of Weathered Phyllite Fillers
	Research on Uneven Settlement of Subgrade with Micro-Piles
	The Application of Semi-Continuous Post-Tension Pre-Stressing Box Girder Bridges in Africa
	The Economic Importance of an Optimal Road Investment Policy in South Africa

	2b: Urban and Public Transport
	Can Personal Travel Planning Shift Mode Choice and Travel Behaviour? Lessons from an Employee Programme for WWF South Africa
	Improving the Provision of Transport for Youth with Disabilities in Cape Town
	The Relationship between Transit-Oriented Development, Accessibility and Public Transport Viability in South African Cities: A Literature Review and Problem Framing
	Decades of Learning from Trends in Land Use and Travel: Travel and Transport Demand Estimation in the City of Tshwane
	Integrating Land-Cover Data with Data on Population and Household Characteristics to Assess Densification along the BRT Route in the City of Tshwane
	Comparison of New Peak Hour Trip Generation Rates with Existing Rates in the South African Trip Data Manual
	The Spatial Trend Associations between Socio-Economic Factors and Households’ Travel Pattern in Gauteng
	Progressive or Regressive: Efficacy of Innovative Urban Public Transport Systems on Urban Mobility in the City of Tshwane
	The Effect of Smog Pollution on Transport Mode Choice: A Case Study of Xi’an, China
	Equity in Transport Planning: Are we Asking the Right Questions?
	Uberpreneurship: To Brand or Not Brand, that is the Question

	2c: Rail
	Rail Commuter Service Quality in South Africa: Results from a Longitudinal Study
	A Case Study on Platform-Train Interface Occurrences at a Metrorail Passenger Station
	A Review on the Current Condition of Rail Infrastructure in South Africa
	The Influence of Ballast Fouling on Track Settlement
	Development and Calibration of a Wireless, Inertial Measurement Unit (Kli-Pi) for Railway and Transportation Applications

	2d: Traffic Management, Safety and Security in Combination with the Road Safety Audits in SA
	GIS based Identification of Hazardous Locations in the Western Cape
	Evaluation of the Safety Benefits of the Exclusive and Concurrent Green Man Phasings for Pedestrians in Cape Town
	Horizontal Road Markings and Autonomous Driving – Back from the Future
	Analysing Road Fatalities Impacting Children Aged 0-17 in the Case of Gauteng: A Three-Year Analysis (2015-2017)
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Road Safety Tools
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Road Safety Audit Training in South Africa
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop: Formalisation of Road Safety Audit Processes in South Africa
	RTMC/ SARF/ SANRAL Road Safety Audits in South Africa Workshop : Review and Formalisation of South African Road Safety Audit Guidelines

	3a: Public Transport and Paratransit
	Exploring the Design and Management of Learner Transport Services
	Evaluation of National Road Network Funding in Namibia: The Curse of Efficient Road User Charges
	Activity Participation and Perceptions on Informal Public Transport and Bus Rapid Transit in Dar Es Salaam City
	Understanding the Operational Characteristics of Paratransit Services in Accra, Ghana: A Case Study
	Passenger Satisfaction with Minibus-Taxi Feeder Services at the Mitchells Plain Public Transport Interchange in Cape Town
	Tools to Assist in Determining Business Values of Individual Minibus-Taxi Operations in Rustenburg, North-West, South Africa
	Towards a Stated Choice Methodology to Determine Minibus-Taxi Driver Willingness to Provide Off-Peak Feeder Service
	Beyond BRT: Innovation in Minibus-Taxi Reform in South African Cities
	Success and Delay in IPTN Projects: Case Study Analysis of Three South African Cities

	3b: Traffic Engineering
	Traffic Impact of Pedestrianisation in Stellenbosch
	Traffic Impact of the its Time Event
	Factors That Influence the Geometric Detection Pattern of Vehicle-based Licence Plate Recognition Camera Systems
	Intelligent Transportation System as an Effective Remedy to Improve the Public Transportation in South Africa
	Perceptions of the Factors Causing Traffic Congestion and Plausible Measures to Alleviate the Challenge in Bloemfontein, South Africa

	3c: 5th China Africa Co-Operation Forum
	No Papers Available

	3d: Aviation
	Trends in International Aviation Research
	Airline Network-based Modeling Aspects and Methodologies for Multidisciplinary Optimization
	The Cost of Knowledge
	A New Concept for a Vertical Take Off and Landing Business Jet
	Aerospace Technology: Crystal Ball Gazing
	Applications for Remotely Piloted Aircraft Systems

	4a: Integrated Public Transport Networks: Mapping, Data and ICT
	Measuring Individuals’ Travel Behaviour by Use of a GPS-based Smartphone Application in Dar Es Salaam City
	Public Transportation and Land Use Impacts on Accessibility for Sustainable Public Transportation System in Bloemfontein
	Smart Spatial Data: Performing Public Transport-Related Tasks using the Ethekwini Transport Authority’s Smart Portal
	Mapping Minibus-Taxi Operations at a Metropolitan Scale – Methodologies for Unprecedented Data Collection using a Smartphone Application and Data Management Techniques
	Future Transportation — Human-Like Transportation
	Operation Optimization Considering Order Cancellation and Ticket Discount for on-Demand Bus System
	Identification of Trip Characteristics in Urban Rail Transit System using Wifi Information
	Solutions to Public Transport Challenges: The Solution of Urban Public Transportation - The Development and Application of BRT
	Towards a Desired Transport Future: Safe, Sufficient and Affordable
	Towards a Desired Transport Future: Safe, Sufficient and Affordable
	Future Urban Transport: Bicycle Viaducts
	Promoting Low-Carbon Transport in African Cities. A Discussion Paper on the State of Urban Transport and Potential for Cycling in Cities
	Impact of Minibus Taxi Scheduling on Route Efficiency

	4b: International Society for Weigh-In-Motion Workshop(IS-WIM)
	International Developments in WIM
	South American Applications of Strain Gauge Based WIM
	Adding Value to High Speed Weigh-In-Motion – Intelligent Enforcement the N3 Speed over Distance Integrated with Weigh-In-Motion
	WIM for Direct Enforcement in Brazil
	Weigh-In-Motion Enhancement Scenarios within the its Environment
	New International Standard on WIM
	Calibration and Quality Management of WIM Data
	Re-Engineering the Use of Road Networks Through on-Board Mass (OBM) Systems
	Commercial Vehicle Screening for Anomalous Tires: Weigh in Motion and Additional Screening Parameters / Tire Anomaly and Classification System (TACS) for Detection of Tire Problems
	Status of SIM Technology in South Africa and it’s Implementation in Accelerated Pavement Testing (APT)


