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Abstract

With the growth of urban populations and the proliferation of private vehicles, is-
sues such as urban traffic congestion, air pollution, and the occupation of public
spaces by private cars have become increasingly severe. This paper explores how
urban infrastructure construction can promote bicycle travel to create a clean, spa-
cious, and smooth traffic environment. The article analyzes the transformation of
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Ha urban infrastructure in three different regions: Melbourne, Australia; China; and the

Netherlands, demonstrating the social benefits brought by non-motorized transpor-
tation. Melbourne has invested in bicycle road planning and infrastructure, estab-
lishing bicycle corridors and physically separated full-time bicycle lanes, thereby
improving the safety and efficiency of cyclists. China has effectively alleviated traf-
fic congestion and created more public spaces through its shared bicycle policy. The
Netherlands has enhanced the attractiveness of cycling by constructing an independ-
ent bicycle network and providing safe and comfortable bicycle infrastructure.
These measures have not only improved urban traffic safety but also promoted
health and environmental protection, as well as strengthened social inclusiveness
and public space, showcasing the key role of design in promoting environmentally
friendly, inclusive, and healthy urban bicycle travel.
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1. Introduction

As the population grows, urban expansion and the popularity of motor vehicles lead to an increasing number of urban
residents choosing private cars for travel, which gradually reduces the use of bicycles in cities. Consequently, issues such
as traffic congestion, air pollution, and the occupation of public space by private car parking have emerged one after
another. Therefore, how to create a clean, spacious, and unobstructed traffic environment for people in the limited space
of cities has become a problem that urban leaders and designers need to face. Promoting pedal power through the con-
struction of urban infrastructure can make the urban traffic environment safer, bring more "social inclusion" and public
space to the city, and also bring obvious health and environmental benefits to citizens, which is a topic worth exploring
in depth.

Promoting pedal power through infrastructure construction means that urban leaders and designers, through the plan-
ning and transformation of the urban traffic environment, provide people with safer roads suitable for cycling or other
non-motorized vehicles, thereby increasing people's use of bicycles. This paper will analyze three cases of cities in dif-
ferent regions to illustrate the social benefits brought by urban infrastructure transformation for promoting non-motorized
transport.

2. Melbourne's Infrastructure Transformation for Non-Motorized Transport

Firstly, as the cycling capital of Australia, Melbourne is committed to making this livable city become one of the great
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cycling cities of the world, investing nearly tens of millions of dollars in bicycle road planning and infrastructure. In terms
of road planning, Melbourne has built bicycle corridors [1], connecting bicycle lanes to underground paths and bridges,
forming physically separated full-time bicycle lanes. This strategy not only provides more inclusiveness for the cycling
community but also ensures their safety. In terms of infrastructure, Melbourne has also made innovative designs, arrang-
ing wayfinding signs specifically for cyclists (see Figure 1), allowing cyclists to confidently follow the signs, eliminating
the need to navigate on mobile devices while cycling, and providing bicycle traffic signals combined with bicycle boxes
on key bicycle roads, coordinating the green wave signal time for cyclists, making it easier for them to see cars when
crossing the road, and improving their safety and efficiency.
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Figure 1. Wayfinding signage design to help people identify cycling routes. (Source: From City of Melbourne Bicycle Plan,
2016-2020. by Melbourne Government, n.d.).

Figure 2. Jinan's non-motorized and motorway separation facilities ensure the safety of cyclists. (Source: From Jinan Bicycle
Transportation System Planning and Construction Scheme Research, by Guo, 2016).

3. China's Policy and Infrastructure Innovations for Non-Motorized Transport

In addition, as the largest developing country in the world, China has a high population density, and private car travel can
cause great traffic congestion, so the development of bicycle transportation is particularly important. Regarding the con-
struction of bicycle infrastructure, the most successful policy implemented in China is shared bicycles. OFO, founded in
Beijing in 2014, is widely regarded as the world's first bicycle-sharing company [2]. It has promoted shared bicycles to
most cities in China. With the expansion and increase of shared bicycle parking spots, and the strengthening of govern-
ment management, shared bicycles have gradually spread from the city center to the suburbs, and have also developed
into shared electric scooters in places where road conditions permit, directly becoming the preferred mode of
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transportation for short-distance travel for many Chinese people. The division of shared bicycle parking areas has reduced
the area occupied by private cars on public roads and created more public space for the city, and its popularity has greatly
improved China's traffic conditions. In addition, China has also conducted research and transformation in the construction
of roads convenient for bicycle travel. Taking Jinan City, Shandong Province as an example, Guo (2016) proposed adding
separation barriers and markings between motor vehicles and non-motorized vehicle lanes, and setting up isolation bol-
lards at intersections, ramps, and small entrances and exits (see Figure 2), effectively ensuring the safety of non-motorized
vehicles [3].

4. The Netherlands: A Model for Bicycle-Friendly Infrastructure

The Netherlands, as a city that loves bicycles, also has its own experience in the construction of bicycle infrastructure and
roads. They set five main requirements for bicycle-friendly infrastructure, which are safety, direct, comfortable, attractive,
and cohesion [4]. To achieve these five points, the Netherlands has built an independent bicycle network separated from
motor vehicles. For example, dedicated bicycle underground passages are built at railway-level crossings, allowing cy-
clists to feel more included in society and increase their love for cycling by enjoying spacious and comfortable exclusive
lanes with compact layouts. In addition, the Netherlands also provides free and guarded bicycle parking facilities for
cyclists. For example, bicycle lockers (see Figure 3) and well-guarded bicycle storage facilities (see Figure 4) provide
orderly and neat spaces for bicycle parking, while also considering factors such as avoiding external damage and theft.
Whether in the community or in public places, cyclists can always find a suitable place for their bicycles, making cycling
attractive among the locals, and the government has effectively advocated cycling through the construction of bicycle-
friendly infrastructure.

Figure 3. Bicycle lockers to help prevent cyclists from being stolen. (Source: From Cycling in the Netherlands, by Hoogte,
2007).

Figure 4. Well-guarded bicycle storage facilities. (Source: From Cycling in the Netherlands, by Hoogte, 2007).
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5. Findings

Comparing and summarizing the common points of urban road construction and planning in these three different regions
to promote pedal power, we can be pleasantly surprised to find that they have all benefited a lot from the ingenious
construction of designers and leaders in this area. We can analyze from three aspects: the improvement of urban traffic
safety, the health and environmental benefits for people's lives, and the social inclusiveness and public space obtained by
society.

Firstly, the design to promote pedal power has improved the safety of urban traffic. Looking back at the examples of
the three regions mentioned earlier, we can find that they have all made new attempts to separate non-motorized and
motorized vehicle lanes. For cyclists, mixing with motor vehicle lanes is undoubtedly dangerous, and whether it is the
construction of bicycle corridors in Melbourne, the improvement of isolation bollards and barriers in China, or the inde-
pendent and separated bicycle network in the Netherlands, they have all avoided this well. According to the statistical
data of City of Melbourne Bicycle Plan, 2016-2020, since 2009, the bicycle collision accidents per cyclist in Melbourne
have continued to decrease significantly by nearly 50% (Figure 5), which is also a good proof of the improvement of road
safety.
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Figure 5. Planning of bicycle infrastructure reduces bicycle collision accidents. (Source: From City of Melbourne Bicycle Plan,
2016-2020. by Melbourne Government, n.d.).

Secondly, people becoming healthier and the environment becoming greener and cleaner is also one of the benefits
brought by road planning and infrastructure design to promote cycling [5]. In the three cases, the design of exclusive lanes
for bicycles has made cycling more unobstructed, which can not only be used for daily travel but also provide professional
cyclists and bicycle enthusiasts with more venues for activities, and even drive the cycling trend in the city, enhancing
the physique of the majority of citizens. For the environment, there is no doubt that the increase in the number of people
cycling itself reduces the use of motor vehicles and the emission of motor vehicle exhaust, achieving low-carbon travel,
which can contribute to improving the natural environment [6]. More importantly, the designer's planning of urban roads
has made people's travel orderly, which is an improvement to the humanistic environment of people's lives.

Finally, the construction of urban roads and infrastructure carried out by designers and city leaders, while realizing
pedal power, has also established a broader public space in the city, providing more social inclusiveness for different
groups [7]. For public space, taking China's shared bicycles as an example, it effectively reduces the frequency of people
using private cars and instead uses shared bicycles parked on the streets. From another perspective, the reduction of
parking spaces occupied by private cars has turned into shared bicycle parking areas, which cleverly reduces conflicts
between people, and the increase in public areas also makes society more harmonious [8]. In addition, the consideration
of special or different groups in society during the construction of bicycle infrastructure is also a manifestation of enhanc-
ing social inclusiveness. This is well reflected in the Netherlands, where designers have made comprehensive considera-
tions in the case analysis of the Netherlands, planning company bicycle parking spaces for young people and office work-
ers, which not only solves the supply problem of insufficient motor vehicle parking spaces for companies but also allows
more young people to accept the mode of commuting by bicycle. In addition, the Netherlands has also proposed in the
bicycle infrastructure planning to build safe roads for children to ride bicycles to school alone, and the bicycle roads
planned between schools and communities not only ensure the safety of students but also reduce the pressure on parents

DOI: 10.26855/ea.2025.01.005 28 Engineering Advances



Yirui Zhu

picking up and dropping off, allowing them to let their children ride to and from school alone with confidence. These
considerations for different groups have well demonstrated special care in society. In the design for promoting urban
pedal power, designers make society more inclusive through consideration of details [9].

6. Conclusion

In general, the benefits of promoting urban bicycle travel are multifaceted, multi-level, and multi-object. From the per-
spective of designers, the significance of studying this topic lies in exploring how to use the power of design to help the
government achieve the public's transformation of the concept of bicycle travel more quickly and help the majority of
people enjoy civilized society under the popularization of bicycle infrastructure in the future. It can be said that in the
process of promoting more environmentally friendly, inclusive, and healthy urban pedal power travel, the power of design
plays a crucial role.

Through the research and analysis of this topic, we have a deeper understanding that design should not only be for
novel appearance. Meaningful design should have a service object, be considered from multiple aspects, and be able to
solve problems. Just like the urban infrastructure design and planning for realizing pedal power mentioned in this research
topic, its audience is the vast population in the city, considering how to make the plan fit the actual situation of the city,
and solving people's various concerns about not being able to travel by bicycle. Using the language of design to dialogue
with problems, the public, and the times is the true value and significance of contemporary design.
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