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A nation on the move
China’s national high-speed rail network – a Global Solutions in Public Works Project

Susan Pan, P.E., Engineering Manager, and Rachel Pan, Engineering Student Aide, 
County of Ventura, California

alifornia is in the process of 
constructing a high-speed rail 
(HSR) from the San Francisco 
bay area to Los Angeles area. 

It will be the first HSR project and the 
largest public infrastructure project in 
U.S. history. As Americans endeavor 
in such a major transportation/
infrastructure project, public works 
professionals can learn from the 
progress and development of China’s 
national high-speed rail network.

Since the 1990s, the Central 
Government of China has been 
planning and building an HSR 
network consisting of four north-
south lines and four east-west lines 
across the country. HSR is typically 
defined as the average train speed of 
124 mph (200 km/h) or higher. By 
this measure, China has the world’s 
longest HSR network with 6,200 miles 
(10,000 km) of routes in services as of 
December 2011 including 2,200 miles 
of rail lines with an average speed 
of 186 mph (300 km/h). The HSR 
network is expected to reach 16,000 
miles by the end of 2015 connecting 
42 major cities throughout the nation 
at a cost of US$750 billion; it will be 
more HSR track than the rest of the 
world combined. The HSR network 
complements the existing highway/
roadway system, conventional railway 
system, and the domestic airlines 
for passengers’ transportation needs. 
China’s HSR network consists of 
upgraded conventional railways, 
newly-built high-speed passenger 
designated lines (PDLs), and the 
world’s only high-speed commercial 
magnetic levitation (maglev) line. 
Notable examples of the HSR lines 
include the Beijing-Shanghai HSR, a 

PDL opened in June 2011 that reduces 
the 819-mile journey between the 
two largest cities in China to under 
five hours with the train top speed of 
236 mph (380 km/h). The Shanghai 
Maglev Train, which opened in 
March 2004, travels 19 miles between 
the Shanghai Pudong International 
Airport and Shanghai’s Longyang 
Road Metro Station in seven minutes 
and can reach a top speed of 268 mph 
(431 km/h).

The Project Trip
For this project, we traveled to 
China and Taiwan and took public 
transportation for the entire trip. 
We interviewed with staff of the 
China Ministry of Railways (MOR) 
and the Taiwan High Speed Rail 
Corporation (THSRC) during this 
trip. Our only previous trip to China 
was a fully-guided package tour; this 

completely self-guided trip by public 
transportation was an adventure for 
us.

From Los Angeles we flew into Beijing 
International Airport on day one. We 
took the express train, which connects 
the airport to the city subway system. 
It took about 15 minutes at a cost of 
CN¥25, about US$4. We then took 
the subway to the station closest to 
our hotel; the subway fare was CN¥2, 
about US$0.33. For the two-day stay in 
Beijing, we toured the city by taking 
the metro subways, buses, and taxi 
without any problem. On the fourth 
day, we took the subway to the Beijing 
South Station, which is the main hub 
for the HSR lines that connects Beijing 
with the other major cities of China.
 
The HSR trains between Beijing and 
Shanghai depart every 15 minutes or 

Beijing South Station
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so between 7:00 a.m. and 6:00 p.m. 
The coach fare one way is CN¥555, 
about US$92. Chinese citizens can 
reserve the train tickets online and 
retrieve or purchase the tickets from 
the many kiosks at the train stations. 
We bought our train tickets from 
the ticket window with showing 
of passport for the next available 
train leaving within an hour. With 
the exception of popular holidays, 
generally there is no need for advance 
ticket reservation since the trains 
depart frequently. If you missed 
the train for whatever reason, no 
worries—you can exchange the ticket 
for the next available train at no 
additional cost.

At the entrance of the train station, 
there are multiple security checkpoints 
for luggage and body scanning, 
which took only several minutes. 
Inside the train station, the waiting 
hall for boarding gates is equipped 
with computer screens showing the 
status of the train schedules. About 
15 minutes before the train departure, 
passengers orderly lined up at the 
boarding gate for ticket checking and 
then proceeded to the platform and 
again lined up at the assigned car 
ready for boarding. The train arrived 
promptly for the passengers to get on 
board for their assigned seats and left 
right on time like a clock works.

The trains were as expected spanking 
new, clean, air-conditioned, 
comfortable, and non-smoking. There 
were food service and dining cars 
on the train. The friendly overhead 
broadcast made announcement of the 
rules on the train and the approaching 
train stops in Chinese and English.

The train traveled at a speed of 186 
mph (300 km/h) as displayed on 
the speedometer screen in the train 
car. It made six stops before arriving 
in Shanghai, and the 819-mile 
journey took four hours and fifty 
minutes. There are a total of 24 train 
stops available between Beijing and 
Shanghai, and the trains take turns 

in making the total six stops for each 
train ride. This arrangement makes 
train rides to every city/stop on route 
available every hour. Each train has 
16 cars and each car can hold 80 
passengers for a total capacity of 1,280 
passengers per train. The trains were at 
full or near-full capacity for all five of 
the HSR train rides we took.

Leaving Beijing, we visited Shanghai 
for two days and made day trips to 
Nanjing, the capital city of Jiangsu 
Province, and Hangzhou, the capital 
city of Zhejiang Province, by taking 
the HSR trains. Both Nanjing and 
Hangzhou are about one hour away 
from Shanghai by HSR trains. The 
trains run every 15 minutes or so 
between these major cities from 6:00 
a.m. to 10:00 p.m., and there was no 
need for advance ticket reservation. 
These major cities all have networks 
of metro subways and buses in the 
cities, and we took them to tour the 
cities conveniently. The HSR network 
is connected to the city’s metro 
subway system at a major hub station, 
i.e., the Shanghai Hongqiao Station, 
the Nanjing South Station, and the 
Hangzhou Station. The Shanghai 
Hongqiao Station located on the west 
side of the city is the major hub for 
the HSR trains, Hongqiao Airport for 

domestic flights, and metro subways 
and buses. The Shanghai Pudong 
International Airport located on the 
east side of the city can be reached by 
taking the metro subways or by taking 
the Maglev train, which shorten the 
19-mile ride to seven minutes between 
the Longyang Road Metro Station and 
the Airport. Shanghai has an extensive 
metro subway network of 12 subway 
lines.

Our final leg of the trip was to 
fly from Shanghai, China to 
Taipei, Taiwan. When the Chinese 
Communist Party took over the 
control of mainland China in 1949, 
the Chinese Nationalist Government 
moved to the island of Taiwan and 
has developed into a government 
with multiple political parties and 
democratic election process. From the 
Taoyuan International Airport, shuttle 
buses are available for transport to 
the nearest HSR station for free or 
to the Taipei Train Station at a cost 
of NT$125 or US$4. Taipei is the 
capital city of Taiwan, and Taipei 
Train Station is the main hub for 
the HSR trains, conventional trains, 
and the metro subways and buses. 
Taipei also has extensive networks of 
subways and buses, and it’s easy and 
fast to get around town in them. The 

Shanghai Hongqiao Station Platform
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direct metro subway/transit line that 
connects the Taipei Train Station and 
the International Airport is currently 
under construction.

Taiwan’s HSR line connects the 
northern capital city of Taipei and 
the southern port city of Kaohsiung 
and has been opened for service 
since January 2007. The HSR line is 
managed by the Taiwan High Speed 
Rail Corporation and is independent 
of China’s HSR network. The 214-mile 
train ride took as short as 96 minutes 
with average train speed of 186 mph 
(300 km/h). It would have taken four 
hours to drive the same distance. The 
train departs from Taipei or Kaohsiung 
about every 12 minutes with the 
express train making only four stops 
and the alternate train making all 
available eight stops. The full train 
fare is NT$1,490 or about US$50. 
Discounted fare is available for seniors 
and students.

Justification, Funding, Financing, 
and Economic Sustainability
China has a population of 1.3 billion 
people, who mostly live in the 
provinces along the Pacific coast and 
the two major rivers of Yellow River 
and Yangtze River. The two largest 
cities, Shanghai and Beijing, have 
populations of 23 million and 20 
million, respectively. About 60 percent 
of the population live in major cities, 

and the urban migration continues 
to grow as the country industrializes. 
During the peak travel season of 
the Chinese New Year holidays 
in January 2012, it was reported 
that over 300 million people were 
travelling homeward bound! The HSR 
network provides a fast, reliable and 
comfortable means of transporting 
large numbers of travelers over long 
distances in a densely populated 
country. The central government 
justified the HSR network for the 
following reasons:

• It improves economic productivity 
and competitiveness over the long 
term by increasing the transport 
capacity of railways and linking 
labor markets. Moving passengers 
to high-speed lines frees up older 
railways to carry more freight.

• It stimulates the economy in the 
short term as HSR construction 
creates jobs and drives up demand 
for construction, steel, and 
cement industries during the 
economic downturn. Work on the 
Beijing-Shanghai PDL employed 
110,000 workers.

• It supports energy independence 
and environmental sustainability. 
Electric trains use less energy to 
transport people and goods on a 
per unit basis and can draw power 

from more diverse sources of 
energy including renewable than 
automobile and aircraft, which 
are more reliant on imported 
petroleum.

• It develops an indigenous high-
speed rail equipment industry. 
The expansion into HSR is also 
developing China into a leading 
source of high-speed rail building 
technology. Chinese train-
makers have absorbed imported 
technologies quickly and localized 
production processes.

In January 2004, the State Council 
passed the nation’s “Medium- and 
Long-Term Plan of Railway Network.” 
The plan comprised a high-speed 
railway network consisting of four 
north-south lines and four east-west 
lines and other lateral lines, with the 
Beijing-Shanghai railway placed at 
the top of the priority list. By the end 
of 2012, China will have completed 
all of the four north-south lines 
including Beijing-Harbin HSR, Beijing-
Shanghai HSR, Beijing-Guangzhou-
Shenzhen-Hong Kong HSR, and 
Hangzhou-Fuzhou-Shenzhen HSR. 
The four east-west lines are scheduled 
to complete between 2013 and 2017 
including Qingdao-Taiyuan HSR 
(2015), Xuzhou-Lanzhou HSR (2017), 
Shanghai-Wuhan-Chengdu HSR 
(2013), and Shanghai-Kunming HSR 
(2013).

In the years of 2010 and 2011, 
China committed investment 
of US$108 billion and US$106 
billion, respectively, in railway 
construction. In September 2012, The 
National Development and Reform 
Commission approved 25 new rail 
projects with funding of US$127 
billion. According to China Securities 
Journal, China plans to invest US$451 
to US$602 billion in its HSR network 
between 2011 and 2015. About 40-
50% of financing is provided by the 
central government through lending 
and equity shares invested by the 

Taiwan HSR 700T Train
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state-owned banks and financial 
institutions, another 40% by the 
bonds issued by the MOR, and the 
remaining 10-20% by provincial and 
local governments. In general, the 
central government provides funding 
for the design and construction 
of the HSR projects, and the local 
governments are responsible for the 
land acquisition and relocation costs 
of the projects.

The cost of the 819-mile Beijing-
Shanghai HSR was about US$37 
billion. The average construction cost 
for HSR lines with design speed of 350 
km/h is about US$45 million per mile 
or CN¥180 million per kilometer, and 
the average cost for HSR lines with 
design speed of 250 km/h is about 
US$25 million per mile or CN¥100 
million/km. The MOR reported that 
1.862 billion passenger trips were 
taken using the HSR network and the 
conventional railways in 2011, and it 
is estimated that 2.02 billion passenger 
trips will be taken in 2012. Despite the 
frequent train schedule between the 
major cities, all of the train rides we 
took on this trip were full or near-full 
capacity. The train stations were full 
of bustling travelers on the go, eager 
to take the first available train ride for 
their trips. I can indeed believe the 
news reports about travelling chaos 
during the Chinese New Year holidays, 
and how the computer website 
crashed as soon as train tickets for the 
Chinese New Year holidays went on 
sale online due to the massive log-on 
hits by the millions of ticket buyers!

Taiwan’s 214-mile HSR line has been 
in service since January 2007 and has 
a total project cost of US$18 billion. 
The ridership has grown from 15.5 
million passenger trips in 2007 to over 
41.6 million passenger trips in 2011. 
The operating net income of the HSR 
system has increased from a loss of 
US$1,000 million in 2007 to a profit 
of US$110 million in 2011. Almost all 
passengers have switched from airlines 
flying parallel routes to HSR travelling, 
while road traffic was also impacted.

In summary, for traveling distance 
of less than 600 miles or 1000 km, 
it costs less to travel by HSR than by 
airplane, and travel by HSR is faster 
with less connection time taken. 
Although HSR traveling costs more 
than bus fare, it is three times faster 
and more comfortable.

Engineering Technology 
Development and Transfer
China has initially utilized and 
learned from technologies developed 
by Alston of France, Bombardier 
Transportation and Siemens of 
Germany, and Kawasaki of Japan. 
All foreign companies were required 
to form joint ventures with Chinese 
companies for the manufacturing of 
the train assemblies. China has since 
developed their own technologies and 
industry in high-speed rail technology 
and hold about 1,000 local and 
international technology patents. 
Chinese train makers and rail builders 
have been building HSR in other 
countries including Turkey, Venezuela 
and Argentina. The train design and 
makers are listed as following:

• CRH1 Series are produced by 
Bombardier’s joint venture Sifang 
Power Transportation (BST) with 
maximum speed of 250 km/h and 
train sets of 8 and 16 cars and 
seating capacity of about 650 and 
1,300, respectively.

• CRH2 series are produced by 
Kawasaki and China South Rail 
(CSR) Sifang Co. with maximum 
speeds of 250 and 350 km/h 
and train sets of 8 and 16 cars. 
Taiwan’s THSR 700T train is 
derived from the Shinkansen 700 
series built by the Japanese.

• CRH3 series are produced by 
Siemens and China North Rail 
(CNR) Tangshan Co. with design 
speeds of 350 km/h and 8-car sets.

• CRH5A is produced by Alston 
and CNR Changchun Co. with 
maximum speed of 250 km/h and 
8-car sets.

• CRH6 is designed by CSR Puzhen 
and CSR Sifang and manufactured 
by CSR Jiangmen with maximum 
speeds of 200 km/h and 250 
km/h, will be used for intercity 
HSR lines.

• CRH380 series are manufactured 
by Chinese companies including 
Sifang, Tangshan, and Changchun 
with maximum speed of 380 km/h 
and 8- and 16-car sets. Chinese-
designed CRH380A holds the 
world record for the fastest train at 
486 km/h. It is the first high-speed 
train developed by China.

The HSR lines use ballastless tracks, 
which allow for smoother train rides 
at high speeds and can withstand 

Shanghai Maglev Train leaving the airport
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heavy use without warping and lower 
maintenance cost despite higher 
initial capital cost. It uses standard 
track gauge of 4 ft 8.5 in (1,435 mm). 
Electrical power requirement is 25 
KV/60 Hz AC.

The Beijing-Shanghai HSR connects 
the two largest cities and the most 
important economic zones. Even 
though it traverses through only 
6.6% of the nation’s territory, the area 
accounts for 26.7% of the nation’s 
population and 43.3% of the gross 
national product. Over 80% of the 
track is laid on viaducts to keep high-
speed rail tracks straight and level 
over uneven terrain and to save on 
land acquisition cost. Due to the soft 
sedimentary soil along the coast, the 
foundation had to be deep-pile driven 
to beneath the sedimentary soil layers. 
Train bridges were built to cross the 
Yellow River (5,143 meters in length) 
and the Yangtze River (14,789 meters 
in length and causeway span of 1,615 
meters). Dashengguan Yangtze River 
Bridge is a six-track railway bridge 
for the Beijing-Shanghai HSR, the 
Shanghai-Wuhan-Chengdu HSR, and 
Nanjing Subway.

Environmental Impact and 
Protection
The HSR improves energy efficiency 
and uses only one-third of the energy 
of airplanes and one-fifth the energy 
of the family cars. It uses electric 
power, which can be produced by 
sustainable and renewable energy 
sources such as solar, wind, and 
hydraulic power generation. It 
produces less carbon emission than 
cars and airplanes, which use gasoline 
for fuel, and therefore reduces air 
pollution, greenhouse gas emission, 
and dependence on foreign oil.

Management of the Engineering 
and Construction Program
The HSR program is planned 
and managed by the Ministry of 
Railways and approved by the 
National Development and Reform 

Commission. The central government 
has been planning and building not 
only the HSR lines connecting the 
major cities across the country but 
also the urban rail transit/subway 
systems for the first- and second-tier 
cities and the intercity rail lines.

The engineering design, construction, 
and manufacturing of the HSR 
systems have been largely privatized 
and industrialized. Engineering 
construction firms including China 
Railway Construction Corp., China 
Railway Engineering Corp., China 
Transportation Construction Corp., 

and Sinohydro Group Ltd. have 
been established to compete for the 
HSR projects through public bidding 
process. The Beijing-Shanghai HSR 
line was awarded and delivered in six 
construction contracts for reasonable 
size of project management.

Safety and QA/QC Program
On July 23, 2011, two high-speed 
trains collided near Wenzhou City and 
resulted in 40 deaths and 200 injuries. 
The Chinese government formed 
a commission to investigate the 
accident and slowed down approvals 
of new HSR lines, and implemented 

Over 80% of the Beijing-Shanghai HSR track is laid on viaducts.
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more stringent safety reviews and QA/
QC procedures. To increase the safety 
margin and reduce costs, MOR has 
also decided to reduce top train speeds 
from 236 mph (380 km/h) to 186 mph 
(300 km/h).

The California HSR Network
The primary transportation system in 
Southern California is the highway 
and roadway systems. There are 
limited public transportation systems 
available including metro subways, 
commuter trains, and buses. Despite 
the extensive highway and roadway 
systems, there remains traffic 
congestion on the major highways 
in Southern California from early 
morning through early evening.

Travelling between San Francisco 
and Los Angeles with a distance of 
418 miles takes about seven hours 
by car and about five hours by 
airplane taking into account airport 
security check and wait time, and the 
conventional train takes more than 
ten hours. California’s HSR will help 
the state meet ever-growing demands 
on its transportation infrastructure. 
The train will be initially running 
from San Francisco to Los Angeles/
Anaheim via the Central Valley for 
520 miles of HSR lines, and later 
to Sacramento and San Diego for a 
total of 800 miles of HSR lines. The 
high-speed trains will travel between 
Los Angeles and San Francisco in 
under two hours and 40 minutes, at 
speeds of up to 220 mph (350 km/h), 
and will interconnect with other 
transportation alternatives, providing 
an environmentally friendly option to 
traveling by plane or car.

The California HSR network provides 
the backbone of fast and reliable 
public transportation in California. 
With its alignment via the central 
valley, many coastal cities and 
communities do not have direct 
access to the high-speed rail network. 
There remain many opportunities to 
connect the various communities to 
the California HSR network through 

the regional rail transit and public 
transportation systems.

It has been a successful trip and very 
rewarding learning experience. We 
want to especially thank the APWA 
International Affairs Committee for 
their support of this Global Solutions 
in Public Works Project, and China 

Ministry of Railways and Mr. Hsinchu 
Jiang of the Taiwan High Speed Rail 
Corporation for all the information 
they provided.

Susan Pan can be reached at (805) 658-
4354 or susan.pan@ventura.org; Rachel 
Pan can be reached at (805) 654-2039.
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