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Abstract: Repeated excavations of buried utilities cause road congestion and maintenance conflicts.
Besides, the interference of buried utilities in limited underground spaces does not meet the requirement
of sustainable urban underground development. Multi-purpose utility tunnels (MUTS) integrate all utilities
together in one tunnel and can be accessed by humans. MUTs reduce the excavation needs and costs and
avoid the traffic congestion caused by excavations. MUTs also provide easy access for inspection and
maintenance of all types of utilities inside the tunnel. There are many MUTs in use in Europe and Japan,
but the development of new tunnels in recent years is limited and lacks long-term planning. On the contrary,
China is making a big progress in MUT planning and construction in recent years because the Chinese
government is taking MUT construction as an important urban infrastructure development. The experience
of MUT planning, construction and management in China can be very useful for other countries to examine
the potential of MUTs as a sustainable option for future municipal asset rehabilitation projects. This paper
first reviews the new development of MUTs including MUT history in China and the total planned and
constructed lengths. Furthermore, several projects in major Chinese cities are reviewed including basic
data on the length, cross-section, utilities housed, and cost analysis. It is concluded that although the initial
cost of MUTs is high, they are sustainable and cost-effective infrastructures for underground utilities in the
long term. It is hoped that this paper will encourage further research about the usage of MUTSs.

1 INTRODUCTION

Most of municipal and private utilities (e. g. water and sewer pipes, electrical and telecommunication cables,
etc.) are buried within the right of way under the roads. Repeated road excavation for utility maintenance
considerably increases the maintenance costs, and is a common cause for road congestion. Furthermore,
the buried utilities can be damaged by being directly exposed to underground environment (e.g. soil and
humidity) or being accidentally hit by excavation equipment. Frequent excavation for different utilities is a
waste of money especially if utilities under the same road are repaired at different times (Hunt and Rogers
2006). In addition, the limited shallow underground spaces are sometimes not enough for all the conduits
in some narrow streets which can cause utilities interference (Cano-Hurtado and Canto-Perello 1999). In
short, buried utilities are becoming un-economical, unsustainable and increase the social costs.
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Utility tunnel refers to “any system of underground structure containing one or more utility service which
permits the placement, renewal, maintenance, repair or revision of the service without the necessity of
making excavation; this implies that the structure is traversable by people and, in some cases, traversable
by some sort of vehicle as well” (APWA 1997). Multi-purpose utility tunnels (MUTSs) refer to more than one
utility pipes or cables in one single underground structure system (Su 2007). MUTs reduce the excavation
needs and costs, and consequently reduce traffic congestion caused by excavation. MUTs protect utilities
from damages and corrosion and they decrease the impacts on the environment (Canto-Perello and Curiel-
Esparza 2013; Hunt, Nash, and Rogers 2014). Moreover, MUTs are easily accessible for maintenance and
accident prevention. MUTs provide enough shallow underground space, especially vertical space, to avoid
utility interference and enough space for new utilities which meets the sustainable development
requirements of underground space (Cano-Hurtado and Canto-Perello 1999).

MUTSs can be also referred to as Utility Corridors, Utilidors, Common Service Tunnels, Common Utility
Tunnels, and Common Utility Ducts (Curiel-Esparza, Canto-Perello, and Calvo 2004). MUTs can be
classified into three types based on depth: (a) flush-fitting MUTs which have 0 m cover, (b) shallow MUTs
which have 0.5 to 2 meters cover, and (c) deep MUTs which have 2 to 80 meters cover (Hunt and Rogers
2006). In addition, MUTs can be classified into three types based on accessibility: (a) searchable MUTs are
tunnels that can be accessible in a selective form by removing the cover, but it cannot be fully accessed
because of the reduced cross-section area, (b) visitable MUTs are tunnels that can be fully accessed by
man and in the whole length, (c) compartmentalized MUTs provide barriers between each utility type for
protection (Canto-Perello and Curiel-Esparza 2001; Hunt and Rogers 2006).

The first MUT designed by Roman engineers integrated sewer system and water pipes with a huge cross-
section (Cano-Hurtado and Canto-Perello 1999; Canto-Perello and Curiel-Esparza 2001). MUTs have been
applied since the 19" century in London, Paris and other European cities as well as in Japan and the United
States (Laistner and Laistner 2012). The first MUT in Paris was built in 1855 with sewage system (Cano-
Hurtado and Canto-Perello 1999). The first MUT in the UK was built in 1866 and contained foul water and
drinking water. It allows man-access and is still in use. There were more than 50 major MUT projects in the
world from 1940 to 2011 with a total length of around 400 km (Hunt and Rogers 2006). Most of them are in
Europe and some in Asia. Most MUTs in Europe and the US are either old or short. MUT in Japan started
from 1923 in Tokyo, Osaka and Nagoya after the Great Kantd earthquake, and Japanese government
issued a special law on MUT construction in 1963 (Shu 2003). In recent years, Singapore is the first country
in Southeast Asia to implement MUT on a comprehensive scale. The Common Services Tunnels Bill was
passed on March 19, 2018 for mandating the use of MUT as well as the related requirements and penalties
(Channel News Asia 2018; Seow 2018). In the United States, several MUTs were built in the past, mostly
in university campuses. However, very little work has been done in recent years related to MUTs. Most
states in the US are interested in MUTs according to a survey. However, the security and operational issues
are the main concerns of applying MUT projects (Kuhn et al. 2002). For example, Boston Smart Utility
project only proposes small telecom utilidors and electrical duct banks (Boston Planning & Development
Agency and AECOM 2017).

Compared to the countries mentioned above which either built MUTs several years ago or have only few
projects due to cost and security issues, China is making a big progress and MUT construction has become
an essential urban infrastructure development in recent years. The State Council decided to start MUT
construction nationwide in 2013 and identified 25 pilot cities to build MUTs (Wang et al. 2018; Ministry of
Finance of China 2015, 2016). In 2016, MUT construction length in China exceeded 2000 km including pilot
cities and many other cities (MHURD 2016). As a result, it is important to study MUT projects’ planning and
construction in China, and examine whether the MUT experiences are suitable to be applied in other
countries. This paper reviews the new development of MUTs in China focusing on major Chinese cities
including basic data on the length, cross-section, technical design, and cost analysis based on the previous
data. It is hoped that this review will encourage further research about the usage of MUTSs.
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2 NEW DEVELOPMENT OF MUTs IN CHINA

China urbanization rate in 2017 is 58.52% which is 1.17% more than that of 2016, and urban resident
population is 813.47 million, which is 20.49 million more than that of 2016 (The State Council of China
2018). During the past 20 years, the urbanization process was rapid; as a result, the infrastructure services
should be improved to catch up with this process. To improve the municipal utility construction and
maintenance, and to ensure utility safety, MUTs were introduced for utility companies in China (Wang 2018).
The first MUT in China was built in Beijing in 1958 with a total length of 1.08 km containing water, electricity,
telecommunication and heating. The first long MUT, which is seen as a signature project, was built under
Shanghai Zhangyang Road with a total length of 11.50 km in 1994 (Ma et al. 2017). One of the longest
completed MUTs in Henggqin Island, which is 33.4 km, contains electricity, water and telecommunication,
and has extra room for future heating, cooling, grey water and garbage vacuum pipes planning (He 2015).

China has taken building MUTs as an important infrastructure development to improve the resilience of
first-tier cities, as well as of new areas or less developed cities. The State Council decided to start MUT
construction nationwide in 2013. Several policies and guidelines were announced to encourage MUT
planning and construction (Wang et al. 2018). Guidelines for the Preparation of Urban Underground MUT
Project Planning and Technical Specification for Urban MUT Engineering were issued in 2015 (Song 2016).
The Chinese government identified 10 and 15 cities in 2015 and in 2016 respectively as pilot cities to build
MUTs (Ministry of Finance of China 2015, 2016). Pilot city qualifications consist of: (a) high construction
density areas with a population more than 200,000, (b) heavy transportation, (c) high demand of
underground space development and utilization, such as for subways or cables, (d) MUT length more than
10 km, (e) utility types more than three, (f) suitable geological and hydrological conditions, (g) financial
conditions and whether public-private partnership (PPP) investment model is reasonable, and (h) new areas
at first and then old important areas (MHURD 2015a, 2015b). For future MUT development by MHURD,
the construction rate under new roads in city new areas should be 30% by 2020, and the overall MUT
construction rate in cities should be 2% by 2020 (MHURD 2017). In 2016 and 2017, the Chinese
government determined the construction planning of 2000 km each year including projects in pilot cities
(The State Council of China 2016, 2017). At the end of 2016, 147 cities including pilot cities had started the
construction of 2005 km (MHURD 20186).

Based on the completion year, the unit costs of MUT projects are calculated in present value. In Figure 1,
the highest MUT costs are in large cities, such as Beijing, Shanghai and Shenyang. Beijing and Shanghai
are the two largest cities in China, and the MUTs with highest unit costs are mostly in the areas with high
population density or in commercial areas. Shenyang City South Canal MUT project is near the South Canal
in the old city area, and the construction has to go below two metro lines and under the expressway tunnel,
which increases the construction difficulty and cost (Tao 2017). More factors affecting MUT costs, such as
the dimensions of the tunnel cross section, number of utilities, depth, and construction method, are to be
examined in the future.

3 MUT EXAMPLE PROJECTS IN CHINA
3.1 MUT projects in Beijing

Beijing is the capital of China and has the second largest population after Shanghai. Beijing has the needs
for old city reform, transportation infrastructure construction and development of underground spaces. In
addition, the powerful economic status and technology advances are advantages for MUT development in
Beijing (Song 20186).

As shown in Figure 2, yellow polygons indicate the projects that have been completed, green polygons
show the projects under construction and the red polygon shows the project in the design phase at 2016.
The central area in Beijing is the blue polygon with a star at its center, and the right green polygon refers
to the subsidiary administrative center in Beijing. There are six completed MUT projects in the central area.
There are one completed project and one project under construction in the subsidiary administrative center.
Since the city is expanding, several projects are taking place between the central area and the sub-central
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area and in the north. The total length of the projects shown in the figure is about 36.01 km, in which the
length of MUT in the design phase is 3.2 km and the MUT under construction is 5.6 km (Song 2016).

Zhongguancun is in the central area of northwest educational and commercial area in Beijing. The land is
extremely limited due to the high population density. In addition, this area has 40 routes of buses and
several metro stations including one transfer station. To ease the traffic pressure and the limited above-
ground space, the underground development is of vital importance. As a result, Beijing government decided
to develop a comprehensive underground structure including underground traffic tunnel, parking, MUT and
underground commercial areas (Su 2007).

As shown in Figure 3, the storm water and wastewater pipes are buried under the sidewalk, and the
comprehensive underground structure is built under the traffic lanes. The first layer of the underground
structure is a traffic tunnel, the second layer is metro passages, parking and commercial areas, and the
third layer is the MUT with five compartments which have gas, telecommunication, water and grey water,
electricity and heating utilities. The length of the MUT is 1.9 km and it is designed as a closed ring to
effectively connect the functions of nearby areas (Su 2007). The cross-section area of the MUT is 12.7
mx2.2 m (Xiao 2004). The design of MUT section was based on the discussion among the property
developer, utility companies and design organizations according to the management system, and the
design has extra space for future utility planning. To connect the main cables and pipes in the MUT to the
nearby areas, the branches were built above the MUT (Su 2007).
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Example completed MUT projects in China

Figure 1: Cost and length of example completed MUT projects in China (Shi et al. 2015; Ye 2001; Su
2007; Xiao 2004; Zhong, Ma, and Guo 2006; Guan 2009; Huang and Chen 2002; Beijing General
Municipal Engineering Design & Research Institute, n.d.; Zhou and Li 2015; Liu 2016; Dalian Municipal
Design & Research Institute CO., LTD, n.d.; Yan 2015; Zhang 2006; Lv 2011; Qian 2017; Zhang 2014;
Chen 2016; Nanjing Hexi New Town Government 2017; Duan and Ni 2017; Zhang 2016; China
Government Procurement Net 2017; Wei and Meng 1997; Liu 2015; Wang and Gou 2011; Zhang 2016;
CHINAUTIA 2017; Ding et al. 2010; CHINAUTIA 2016; Zhang, Li, and Wang 2015; Ning and Xin 2017;
Wang 2017; Harbin Municipal People’s Government 2016; CCTV 2017; Zhao 2016; Han 2017; Pan 2017;
Liu 2018; Liu 2017; Qian 2017; Chen 2017; Geng 2015; Yu et al. 2013)
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Figure 3: Cross-section of underground layout including Zhongguancun MUT (Su 2007)

3.2 Henggin Island MUT project in Zhuhai City

This MUT is in Henggqin Island, Zhuhai City, which is near Macau and Hong Kong. Because of the central
location of Henggqin Island in the south development area, the central government considers Henggin as
an important commercial development area. The MUT length is 33.4 km and was completed in 2013. It is
one of the longest completed MUTs with a cost of about CA$400M (CA$12M/km) (Liu 2018). Henggin
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Island has a large area of rivers and fish ponds with sludges as deep as 30 m. As a result, this project is
one of the most complicated MUT projects in China (He 2015). The MUT contains electricity,
telecommunication, water, grey water, cooling and garbage vacuum system. As shown in Figure 4, this
project includes electricity tunnel and MUT tunnels with one to three compartments’ section due to various
needs. The cross-section area has several dimensions as shown in Figure 4 (Liu 2018).

As shown in Figure 5, the MUT with one compartment (a) contains telecommunication, water, grey water,
cooling and several sensors. The MUT with two compartments (b) contains electricity in the left
compartment, and telecommunication, cooling, water and grey water in the right compartment. The MUT
with three compartments (c) also contains electricity in the left compartment, water and telecommunication
in the middle compartment, and grey water and cooling in the right compartment. The MUT was built under
the green belt with 2 m cover. There are also other utilities under the sidewalks and green belt such as
heating, gas, sewer and storm water pipes, which are not included in the MUT. For the intersections, a two-
level structure was built, with MUT at the top and electricity tunnel at the bottom (Liu 2018).

Figure 4: Layout of Henggin New Area MUT project (Liu 2018)
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4 DISCUSSION

An obvious decrease of MUT construction in European countries can be observed in recent years (Hunt
and Rogers 2006; Laistner and Laistner 2012). MUT has a rapid development in Asian countries especially
in China, and some of the recent development of MUT projects in China were reviewed in this paper. Based
on the diverse terrain types and soil conditions in China, several MUT projects have unique technological
design and materials, which provide good case studies for other countries.

On the other hand, US National Research Council report (National Research Council 2013) mentioned the
benefits and obstacles of MUT development in the US. The main obstacles include unavoidable investment
abandonment of in-service utilities, operational liabilities concerns, safety issues in a shared utility
environment (e.g., gas and electricity), administrative concerns about access of non-related people to MUT,
and high initial costs. It was mentioned in this report that “The viability, value, and benefits of utilidors may
be effectively communicated with (1) development of workable scenarios for secure multi-utility facilities;
(2) development of workable scenarios for effective transitioning from current configurations; (3) lifecycle
cost-benefit analyses comparing separate and combined utility corridors; and (4) demonstration projects.
In the United States, utilidors have been built typically as part of major old and new developments or
underground transportation improvements (e.g., Disney World in Orlando, Florida, with its extensive
underground service “city” and the Chicago freight tunnel network). If the United States is to improve the
sustainability of its urban utility services and preserve underground space for more cost-effective
sustainability opportunities for future services, then this impasse needs renewed attention” (National
Research Council 2013).

With a clear awareness of MUT benefits, there is a high potential of MUT development in North America
that can contribute to the development of smarter, more sustainable and resilient cities. MUT can be
equipped with sensors and firefighting systems for better and safer maintenance and management, and
they can serve the functions of smart infrastructure systems of the future. In addition, the factors that can
reduce the costs of MUT projects (e.g. economy of scale of mass prefabricated production of modular
sections) and new financing scheme (e.g. PPP) should be analysed in further studies.
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