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Unit 1 Tunnel Engineering

b 5 T

[. Text

Text A Tunnel Classification and General Development Situation

BB B 53 26 B & R AR

Tunnel is an underground engineering building with portals at both ends and an important part

of civil engineering ,same as bridge and side slope supporting and retaining structures. It serves any of

various functions-highway , railway, pedestrian passageway, water conveyance and gallery of

pipelines. However ,the standard tunnel definition posed from technological point of view at the tunnel

conference of OECD in 1970 and the definition states that any strip-shaped building built by any

means and ultimately used below surface of ground with clear span more than 2m’ is tunnel. By this

definition , the range of tunnel is great and different tunnels can be classified by different criteria
and different methods from different points of view. By ground, tunnel can be classified into rock
tunnel (soft rock, hard rock) and soil tunnel. By geographical locations, tunnel can be classified
into mountain tunnel ,urban tunnel and subaqueous tunnel. By construction methodology , tunnels can
be constructed by mining method , by cut and cover method, by shield method , by immersed tube
tunneling method and by TBM method. By burial depth of tunnels, tunnels can be classified into
shallow burial and deep burial tunnels. In cross section, tunnel can take one of the several shapes-
circular , horseshoe and rectangular. By sectional area sizing standard defined by ITA ( International
Tunnel Association) ,tunnels can be classified into super-large section tunnel ( over 100m®) , large
section tunnel (50-100m*) , medium section tunnel (10-50m° ) , small section tunnel(3-10m*) and
extremely small section tunnel (less than 3m’ ). By number of traffic lanes, tunnels can be
classified into single lane tunnel, double lanes tunnel and multi-lane tunnel. By length , tunnels can
be classified into short tunnel ( by regulation of rail tunnel; L <<500m;by regulation of highway
tunnel; L < 500m ), medium-long tunnel ( by regulation of rail tunnel: 500m < L < 3000m; by
regulation of highway tunnel:500m < L < 1000m ) , long tunnel ( by regulation of rail tunnel.
3000m < L=<10000m ; by regulation on highway tunnel ;: 1000m < Z<3000m ) and super-long tunnel
(by regulation of rail tunnel:L >10000m;by regulation of highway tunnel: L >3000m). But it is
commonly considered that tunnel classification by its purposes is relatively more explicit which is

introduced in the following section.
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1. Transit tunnel

Transit tunnel is mostly widely used and its function is providing a channel for traffic and

movement of people and a free and smooth communication route. The following types are generally

included.
1)Highway tunnel

Highway tunnel is the channel specially provided for vehicles. In the old age ,the highway built
in mountain regions usually winds around mountain to save works cost and the longer road line is
preferred to avoid use of tunnel due to its high cost. With the development of social economy,
production and the development of great number of expressways, a higher technical standard for
road construction is raised requiring a flat and freeway wide road with gentle slope. Hence , when
road has to cross or pass through mountain regions, many tunnel solutions are proposed. Building of
tunnel plays an important role in aspects of improving the technology of road, shortening the
traveling distance , improving the transporting capacity , and reducing road incidents. The domestic
tunnel known as Qinling Zhongnanshan Tunnel ( Z2I42435 111 f%iH ) is in length of 18. 1km and its
completion has saved approximately 60km by distance and 2 hours by time to cross the mountain
Qinling.

2)Rail tunnel

Rail tunnel is the channel specially for train transportation. When a railway crosses the hilly
regions, it must overcome the obstacle caused by the big difference of the altitude of the terrain.
The slop for railways needs to be flat and gentle with the maximum slope gradient less than 24%o
(two engines pull). However, the hilly regions are usually limited by the terrain and impossible to
stretch the rail-line across the regions, since the required elevation cannot be reached by the
extension of the rail-line. In this case,the tunnel is a reasonable choice to cross through the hills,
and its use can shorten the length of route ,reduce slope gradient,improve operation conditions and
improve train tonnage rating. For example, 48 tunnels are designed on the route from Baoji to
Qinling on Baocheng Line accounting for 37.75% of total extension of the route, which

demonstrated roles of rail tunnel in hilly regions.
3)Subaqueous tunnel

Subaqueous tunnel is the channel which is built under stream,river, lake, sea and ocean to
provide the channel and passageway for vehicles and trains. When a communieation route crosses
over the stream,the river,the lake,the sea or the ocean,options of bridges,ferry boats and tunnels
can be selected. But bridge is limited by its headroom and ferry boat has limited capacity. If these
problems cannot be effectively solved, subaqueous tunnel is a wvery good solution. And its
advantages include being from the impacts of weather, no influence on navigation, less space
occupation of its rump and hidden communication facility during war time and thus it has won
people’s favor more and more. Many national subaqueous tunnels have been built across Huangpu
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River in Shanghai and across Pearl River in Guangzhou. The disadvantage of the subaqueous

tunnels is their high construction cost.
4 Subway

Subways are constructed underground in urban areas and are the channel for train transportation
for the purpose of mitigating urban transportation burden. Subway is one of the effective solutions to
the traffic congestions and the traffic jams in the large cities. Train transportation due to its large
capacity , high speed ,safe and timely transportation of passengers has become a powerful solution to
transportation difficulties in the eities with large population. In China the completed underground
rail transportation systems established in cities as Beijing, Shanghai and Guangzhou and other cities
have played an important role in improving urban transportati‘on and reducing traffic incidents. In
other cities such as Shenzhen, Nanjing, Qingdao, Dalian, Wuhan , Shenyang , Chongging , Haerbin

and Chengdu ,subways have been under planning and construction.
5) Navigation tunnel

Navigation tunnel is the channel specially intended for ship transportation and sailing,. When
canals have to cross watersheds,the powerful means of overcoming the difficulty caused by the big
difference of the altitude of the terrain is to build canal whose advantages include shortening sailing
distance , reducing operation cost, smoothening and straightening river channel , thus the navigation

conditions are greatly improved.
6 ) Pedestrian underpass

Pedestrian underpass is a special underground pass way for passage of pedestrians. Pedestrian
underpasses are generally constructed in highly populated downtown areas,which are crowded with
passing pedestrians,dense traffic and thus prone to traffic accidents from time to time due to less
care, for the pedestrian to cross street, railway and auto route. The function of the pedestrian
underpass is to mitigate the traffic load on ground surface ,reduce road accidents and facilitate the

movement of pedestrians.
2. Aqueduct

Aqueduct is an important constituent of hydraulic engineering and hydroelectrical power plant.
Aqueduct consists of the following types.

1) Water supply tunnel

Water supply conduit is built to supply water to hydroelectrical power generator set or mobilize
water resources. The water diverted in water supply conduit is the driving power to drive generator
sets of the power station. For that purpose , water supply conduit as a structure for water supply is
required to have a inner wall with bearing capacity. But sometimes only part of water passes through
the conduit and its inner wall is exposed to atmospheric pressure and low water pressure and even
without water pressure. Hence water conduits with pressure and without pressure are classified.
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2)Tailrace tunnel

Tailrace tunnel is built to discharge the waste water released from generators of a hydroelectrie

power plant.
3) Diversion tunnel or spillway tunnel

Diversion tunnels or spillway tunnels are built to divert water and discharge the flood in
excess of flow limit of spillway and are important structures of hydraulic engineering works. The

principal function of diversion or spillway tunnels is flood discharge.
4 ) Sediment discharge tunnel

Sediment discharge tunnel is built to wash away the sedimentation in reservoir and is a
constituent of reservoir structure and its function is discharging mud and sand out of the reservoir
by use of the sediment discharge tunnel which is also used to empty the reservoir for inspection or

repair.
3. Municipal tunnel

In urban construction and planning, underground space is fully used. Various types of public
facilities are placed underground, for which underground galleries are known as urban tunnels.
Municipal tunnels are closely related to citizens’ lives, work and production and they play an

important role in assuring the normal life in the cities and the principal tunnel types are as follows.
1) Water supply tunnel

Water supply tunnel is built for the placement of the urban pipe networks for water supply. In
cities, the important task of urban administrative infrastructure construction is the reasonable
planning and arrangement of main water pipelines which is closely linked to human life and
production activity. The water supply pipeline works shall not affect the urban landscape ,shall not
occupy ground surface to avoid man-made damage. Hence construction of underground gallery to

contain these pipelines is a practical solution.
2)Sewage tunnel

The sewage tunnel is built for urban sewage discharge and conveyance system. The most part
of urban sewage needs to be discharged into the rivers outside the cities except for the part which
imposes severe impact on environment and is purified and recycled or discharged. That is why the
underground sewage tunnel is needed. This type of tunnel generally diverts and discharge sewage
by itself and thus takes form of egg mostly. It is feasible that sewage pipe is placed in a duct and
the sewage is to be discharged through the sewage pipe. Garbage-blocking grate is placed at the
inlet of the sewage tunnel to block the drifting miscellaneous wastes outside and to prevent the

wastes blocking the passage of pipe.
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3)Tunnel for pipelines

The tunnel is built for facilities of urban power energy supply ( gas, heating, hot water). For
the tunnel for pipelines in cities, the pipelines for energy supply are placed in the underground
duct built for that purposes and the ducts go through treatments for anti-leakage and thermal

reservation and the energy can be delivered safely to destinations for production and domestic use.
4)Duct for cables

In cities, to ensure that the electrical power cables and communication power cables are
protected from harms or damages of human activities and to avoid the influence on urban aesthetics
due to overhanging cables, the appropriate underground ducts are constructed to hold the cables
underground.

In modernized cities , the above four types of urban tunnels with common properties are built
into one common tunnel known as“common duct” in accordance with urban arrangement and
plan. The common duct is the symbol of the reasonable managing and planning of the in
frastructures in modern cities, as well as the proper means to use urban underground space and is

the orientation of urban administrative planning and construction development.
5) Civil air defense tunnel

The tunnel is built for the purpose of civil air defense and works as a refuge in wartime. The
urban civil air defense engineering is constructed to meet the demand of protection from air attack
during wars. The civil air defense works is built for providing for people a refuge in case of
emergency. Hence , during the civil works construction general requirement for living conditions
must be considered. In addition to the arrangement of such facilities as drainage, ventilation,
illumination and communication equipment, inventory of drinking water and food and necessary
first aid facilities should be considered. The devices for prevention of blasting and impact waves

need to be mounted at tunnel portals.
4. Mine tunnel

In mine exploitation, in order to enable the access to mine bed from outside of the mountain
and transport the exploited mine stones to outside , the tunnel is built. There are following types of

tunnels.
1)Haulage roadway

To make a tunnel through mountain to make access to mine bed and open a roadway step by
step to reach all excavation surfaces. The former is known as the principal roadway and serves as
the principal access for humans and the transport trunk road to underground mine zone. While the
latter is distributed like tree branches to all excavation surfaces, and this type of roadway serves as

temporary support to meet the needs of excavation of operators.



2 )Water supply tunnel

It intends to supply clean water for use of excavating and extracting machines and pump waste

water and catchments out of the tunnel.
3) Ventilation tunnel

Generally underground harmful gases swelling out from the stratum where the roadway passes
through by mine tunneling method , the waste gas exhausted from excavators and the air exhaled by
workmen are the prime pollutants in the roadway. If the stratum contains any mash gas, it will
endanger the workmen’s lives in the tunnel. Hence, to purify the air in the tunnel and create the
pleasant working conditions , the ventilation tunnel is indispensable to extract the dirty air and bring
in the fresh air.

In recent years,the national highway construction has developed rapidly ,and 7918 expressway
network in length of 85000 kilometers will be accomplished in near future. With large national
population , the relevant authority is planning and completing national expressway network to meet
people’s needs of traveling out and the needs of economic development. Due to the high technical
specification for formation of highway alignment when a highway enters into mountain area or heavy
hilly area,tunnel is inevitably needed to pass through mountains and hills. Hence to build highway
in the hilly and mountainous areas in middle and west China, the length of bridges and tunnels
account for large proportion, which varies from 40% to 80% , and their construction is extremely
hard. Yet being able to shorten distance in large margin is the outstanding advantage , thus greatly
improving the operation efficiency. For example, the Zhongnanshan tunnel (¢ Eg (1 f%iH ) in
Chengyu highway ( Wi & #2206 ) is in length of 3km which is 42km shorter than the original old
road. The application of tunnel economized on land and protected ecological environment.

Compared with the developed countries ; the national highway tunnel of China started relatively
late. But since China’s reform and opening up in 1978, the construction of civil works have
developed rapidly and the quantity and scale of tunnel construction have been expanded
continually. In 1980s, the tunnel in length of over 1000m was initially built in the southeast coastal
areas where the economy was relatively well developed. For example the Wutongshan tunnel ( #5 4
LI [#%iE ) in Shenzhen is in length of over 2000m in which full transverse ventilation was applied
for the first time domestically. In 1990s, higher and higher requirement was raised for highway
tunnel with rapid development of highways, and the significance of tunnel construction has been
recognized and valued more and more by people, and highway tunnel projects spread over the
entire mainland. Meanwhile tunnel construction and management became more and more
complicated and highly demanded. In the construction of Zhongnanshan tunnel ( 2% 55 L1 % iE ) in
Chengyu expressway ( HUii =% 2> #% ) which was 3160m long and accomplished in previous time,
harmful geological problems like rush-ins and mash gas were encountered in the tunnel
excavation. The Erlangshan tunnel( B 11| f%il ) as part of the Sichuan-Tibet highway ( JI| {2y
#%) in length of 4000m is located in high altitude and cold areas,and during the excavation such
challenges as highland stress and rock burst occurred. The built Qinling Zhongnanshan tunnel ( &
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W2 Eg 111 [ i ) is the longest tunnel in China with tunnel total length over 18km and in the
course of its construction almost all types of harmful geological problems were encountered. What's
more ,the tunnel ventilation and operation environment were complicated and hard. By the end of
year 2007 ,4673 highway tunnels in total had been built in China,with the total length up to 2556km

and the annual rate of increment of tunnel construction has been renewed from time to time in the

past 20 years. Other accomplished domestic super-long tunnels are shown in following table 1. 1.

Some Super-long Highway Tunnels Constructed and Accomplished in China Table 1. 1
SN Tunnel name Length(m) Location Number of lanes Mode of ventilation
Qinling Zhongnanshan re Longitudinal ventilation by
1 Highway: Tusnel 18020 ];;“ 2x2 sections with'S vertical shafts
FRUe 2 L gl 3 I BEgA 15X
Longitudinal ventilation b
aotp »DEERE Pl 12290 N 2x2 i ng“u't;l 2 v:'m: h:zﬁ;y
X sections wi vertical s
peadiils 3| Hw
2 I B
o Longitudinal ventilation in
Baojiashan Tunnel ) - . A
3 a5 11500 Shaanxi [BE 74 2 x2 sections with 3 inclined shafts
3 FRE B
Longitudinal ventilation with
i Baotashan Tlfnnel 10391 Shanxi 2 %2 inclined shafts by. way of air
R bR 175 supply and extraction
U R 1 HE A ) 58 0L
Inclined shaft i
. Nibashan Tunnel 9985 Sichuan . ; 'mdinals J + ve_mcal Shaﬁ
X ventilati sect
o L i )i T e
FH + BB E K
Inclined and vertical shaft
6 Mayazi Tunnel Gansu S%5 for air supp‘]y a.nd extrac.stiorl +
R BT BEE Hw jet fan longitudinal ventilation
FPEFEHE + SHfUAW LR
s emgtan fumncl 8700 b 2 x2 :c!:cal fnlfm L 'yta:d
X extraction + longitudinal jet fan
TRk Wt i, a5
SEHUEHE + SRR
Air supply and exiraction
Mixiliang Tunnel Shaanxi ventilation with single shaft in
8 7923 2x2 .
ARG % 59u] left( right) bore
Ze (7)) R Bt ik kK A
Longitudinal mode + semi
Kuocangshan Tunnel . transverse flow way ( smoke
9 7930 Zh 2x2
FEE L pEE g L - extraction )
e =X + i CHERRD
Longitudinal ventilation with
10 Fangdoushan Tuxmel 7581 Chongq_mg 2 %3 2 inclined shafts for air supply
Ji 3 R iE K and extraction
2 R HEACYA a8 K
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