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Comparison and Selection of Ventilation Schemes for
Zhagaliang Extra-long Highway Tunnel

LI Zhipeng
(Shanxi Transportation Research Institute, Taiyuan 030006, Shanxi, China)

Abstract; In order to select a suitable ventilation scheme for a single-tube extra-long highway tunnel with two-way
traffic, as well as to solve problems in smoke exhaust and personnel evacuation in such tunnel, 3 ventilation schemes are
proposed. According to the characteristics of Zhagaliang extra-long highway tunnel, the 3 ventilation schemes include
confluent ventilation with exhaust shaft and longitudinal ventilation with jet fans, parallel pilot tunnel forced ventilation
network, and longitudinal ventilation with jet fans and sectional smoke exhaust by inclined shaft. The ventilation
schemes are compared from several aspects, i. e. civil construction cost, initial investment of mechanical and electrical
equipment, electricity cost during tunnel operation, ventilation control, stability of ventilation network, applicability,
management and maintenance. Finally, the most suitable ventilation scheme is selected by comparing the advantages and
disadvantages of each scheme, i. e. longitudinal ventilation with jet fans and sectional smoke exhaust by inclined shaft.
Under the normal operation condition of the tunnel, longitudinal ventilation with jet fans is adopted in the main tunnel,
and on-demand ventilation can be realized. Smoke can be exhausted by inclined shaft in case of fire, which can solve
the problem of smoke exhaust only in two sections by the parallel pilot tunnel. The parallel pilot tunnel can also be used
for personnel evacuation and rescue.

Keywords: highway tunnel; single-tube two-way traffic; tunnel ventilation; sectional smoke exhaust
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Table 1 Traffic volume in Zhagaliang Tunnel
2025 4F 2032 4F
ek WRENEZE e FRfE/NE L /N
Hzgiht/ 8/ Hzgiiht/  sCli/
(pcu/d) (veh/h) (pcu/d) (veh/h)
g —k A 1181 110 1758 164

x2 FRARHKLILA
Table 2 Composition and proportion of various vehicle types

%

Y OMER hRE KR iR NEE KPR
2025 20.59 16. 18 13.98 1.96 27.45 19. 85
2032 20. 39 17.78 14. 54 2.26 26. 68 18.35
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Fig. 1 Plan view of ventilation scheme 1 for Zhagaliang Tunnel
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Table 4 Parameters of inclined shaft parameters and air duct for Zhagaliang Tunnel (Scheme 1)
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Table 5 Fan configuration for Zhagaliang Tunnel ( Scheme 1)
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Fig. 2 Schematic diagram of ventilation scheme 2 for Zhagaliang Tunnel
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Table 6 Fan configuration in the Zhagaliang tunnel ( Scheme 2)
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Fig. 3 Sketch of the ventilation Scheme 3 for the Zhagaliang Tunnel
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Table 7 Parameters of inclined shaft parameters and air duct for Zhagaliang Tunnel (Scheme 3)
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Table 8 Fan configuration for Zhagaliang Tunnel ( Scheme 3)
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Table 9  Comparison of civil construction cost
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Table 10  Comparison and selection of ventilation schemes
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Comparison and Selection of Ventilation Schemes for
Zhagaliang Extra-long Highway Tunnel

LI Zhipeng "
(Shanxi Transportation Research Institute, Taiyuan 030006, Shanxi, China)

Abstract; In order to select a suitable ventilation scheme for a single-tube extra-long highway tunnel with two-way
traffic, as well as to solve problems in smoke exhaust and personnel evacuation in such tunnel, 3 ventilation schemes are
proposed. According to the characteristics of Zhagaliang extra-long highway tunnel, the 3 ventilation schemes include
confluent ventilation with exhaust shaft and longitudinal ventilation with jet fans, parallel pilot tunnel forced ventilation
network, and longitudinal ventilation with jet fans and sectional smoke exhaust by inclined shaft. The ventilation
schemes are compared from several aspects, i. e. civil construction cost, initial investment of mechanical and electrical
equipment, electricity cost during tunnel operation, ventilation control, stability of ventilation network, applicability,
management and maintenance. Finally, the most suitable ventilation scheme is selected by comparing the advantages and
disadvantages of each scheme, i.e. longitudinal ventilation with jet fans and sectional smoke exhaust by inclined shaft.
Under the normal operation condition of the tunnel, longitudinal ventilation with jet fans is adopted in the main tunnel,
and on-demand ventilation can be realized. Smoke can be exhausted by inclined shaft in case of fire, which can solve
the problem of smoke exhaust only in two sections by the parallel pilot tunnel. The parallel pilot tunnel can also be used
for personnel evacuation and rescue.

Keywords : highway tunnel; single-tube two-way traffic; tunnel ventilation; sectional smoke exhaust
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0 Introduction

At present, with the increasing number of highway
tunnels in China, the proportion of extra-long single-tube
highway tunnel with two-way traffic is also increasing.

Compared with double-tube and one-way traffic tunnels,

* Corresponding author. E-mail; 52968861@ qq. com

the probability of fire in single-tube two-way traffic tunnel
is about 40% higher, according to the relevant statistical
-1
analysis" -
Transverse or semi-transverse ventilation is used in
most extra-long single-tube highway tunnels with two-way

traffic in foreign countries. Transverse and semi-
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transverse ventilation is the best choice for tunnel
ventilation and smoke exhaust. However, it involves high
initial investment, inconvenient maintenance and high
operating costs. This type of ventilation is seldom adopted
in newly constructed tunnels.

In China, the parallel pilot tunnel forced ventilation
network is the main ventilation mode in such tunnels. Liu
et al. " for the first time applied the semi-transverse
parallel pilot tunnel forced ventilation system to the
Erlangshan Tunnel (4 176 m). Zeng and Li"*'| Zeng
and He'" optimized the scheme for the Zhegushan Tunnel
(4448 m). Jin and Li"’ analyzed the ventilation scheme
of the Xuefengshan Tunnel by using the solution program
for tunnel ventilation network. Peng et al. ' proposed a
detailed

pedestrians and vehicles in the Erlangshan Tunnel, based

smoke exhaust and evacuation plan for
on the principle of separate evacuation of personnel and
vehicles. Yang'” studied the stability of air flow in the
parallel pilot tunnel forced ventilation network in the
Baizhishan Tunnel (6 710 m) by means of theoretical
analysis, numerical simulation and network analysis. Yan
et al.'® investigated the influence of the number of
opened transverse passages on the ventilation network in
the Balangshan Tunnel (7 954 m). Jiang'®' studied the
fire ventilation and smoke exhaust control strategy for a

single-tube two-way highway tunnel. Wang et al. /',

Yan'!"
ventilation energy-saving technologies for such tunnels in

high altitude areas. Chen'"', Qu'"' | and Chen'"

studied the problems related to evacuation and rescue in

investigated the disaster prevention and

case of fire in such tunnels. According to Guidelines for
Design of Ventilation of Highway Tunnel issued in Jul.
2014, the maximum travel distance of smoke should not
exceed 3 000 m in a single-tube two-way traffic tunnel

15-16]
17 In such scheme,

with longitudinal smoke exhaus
smoke can only be exhausted in two sections, which is
only suitable for tunnels with a length no more than 6 000
m, but not applicable for tunnels longer than 6 000 m.
With more operation experiences accumulated for
single-tube two-way extra-long tunnels, it is found that
there are some problems related to parallel pilot tunnel
network, such as complicated

forced ventilation

ventilation control, poor stability of ventilation

network'”*' | and limited applicability of ventilation
scheme. These problems have brought some hidden

dangers to the safe operation of tunnel. Whether there is

a better ventilation scheme for such tunnels, so that a
balance between the tunnel construction and operation
costs and the safety of personnel can be achieved, has
become a problem that designers must study carefully.

1 Project overview

The ZYZCB-2 section from Zhouqu Lijie-Yonghe
highway project in Sichuan Province starts at K99 +929
and ends at K156 +420, with a total length of 56. 491
km. The Zhagaliang Tunnel is the controlling project of
this section, which is located in Zhagaliang, Boyu
Township, Zhouqu County. The tunnel starts at K123+
066, and ends at K128+848, with a total length of 5 782
m, and the maximum buried depth of about 965 m. The
slope is 4 705 m long, with a gradient of 1. 9% toward
the tunnel starting point and the design elevation of
2 463.437 m. The slope is 1 640 m long, with a gradient
of —0.5% toward the tunnel ending point, and the design
elevation of 2 535. 762 m. The gradient change point is
located at K127+675.

According to the predicted traffic volume in Feasibility
study report of Zhouqu Lijie-Yonghe highway project in
Sichuan, the short-term and long-term traffic volumes of
the Zhagaliang Tunnel are shown in Table 1. The
composition and proportion of various vehicle types are

shown in Table 2.

Table 1

Traffic volume in Zhagaliang Tunnel

2025 2032

Daily traffic Daily traffic

Peak hour
Road volume in Peak hour volume
. traffic
section standard traffic volume/  standard
(veh/h) volume/
assenger vel assenger
P 8 P 8 (veh/h)
car/ (pcu/d) car/ (peu/d)
ugaona-

Qug 1181 110 1758 164
Yonghe

Table 2 Composition and proportions of various vehicle types %

Small ~ Medium Heavy Large and
Year Trailer Car

cargo truck truck medium buses
2025  20.59 16.18 13.98 1.96  27.45 19.85
2032 20.39 17.78 14.54 2.26  26.68 18.35

The main technical parameters of the Zhagaliang
Tunnel are as follows:

(1) Road grade: Grade III ;

(2) Traffic mode: Two-way two-lane traffic;

(3) Designed speed: 40 km/h;
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(4) Non-uniformity coefficient of traffic volume in two
directions; 0.52;

(5) Designed peak hour traffic coefficient; 0. 12;

(6) Tunnel cross-section; Separate double tubes, cross-
sectional area of 57.85 m”, circumference of 19.29 m;

(7) Controlling wind speed: Tunnel wind speed <
10 m/s.

2 Calculation of air demand

For determination of air demand, diluted smoke, dust
and CO should be calculated corresponding to a driving
speed of 40 km/h, 30 km/h, 20 km/h and 10 km/h,
respectively.  The air demand under traffic jam,
ventilation and fire conditions should also be calculated.
The larger air demand is taken as the design air demand,
and the length of traffic jam section is taken as 1 000 m
per lane.

2.1 Baseline emission of diluted smoke and dust

In 2000, the baseline emission of smoke and dust from
vehicle exhaust was 2. 0 m’/(veh + km). The baseline
emission of smoke and dust in the Zhagaliang Tunnel for
the short-term design (to 2025) is 2x(1-0.02)%, and
the baseline emission of smoke and dust for the long-term
design (to 2032) is 2x(1-0.02)".

2.2 Baseline emissions of diluted CO

Under the normal traffic condition, the baseline
emission of CO in harmful gases from vehicle exhaust in
2000 was taken as 0.007 m’/(veh - km).

Considering the idle speed of vehicles in traffic
congestion, the baseline emission of CO from vehicle
exhaust in 2000 should be 0. 015 m*/(veh - km), and
the length of the traffic jam section should not be greater
than 1 000 m.

In this project, the short-term baseline emission of CO
is 0. 007 % (1-0.02)% in 2025, and the long-term
baseline emission is 0. 007x( 1-0.02) in 2032.

2.3 The air demand for tunnel ventilation

The air demand for tunnel ventilation should be

calculated according to the following formula:
A - l-n,

3 600

yis air demand for tunnel ventilation (m’/

req(ac)

where (

req(ac
s); A_is clearance area of the tunnel (m®); [ is the
length of tunnel (m); and n_ is minimum ventilation
frequency in the tunnel.

2.4 The air demand under fire

The air demand under fire is calculated according to

the following formula .
Qreq(f): v - A,

where (.., is air demand under fire (m’/s); A, is
clearance area of the tunnel (m®) ; and v, is control wind
speed under fire (m/s).
2.5 Calculation results of air demand

Through calculation, the air demand corresponding to
the short-term and long-term design for the Zhailiang
Tunnel is shown in Table 3. It can be seen that the
control condition for both the short-term and long-term
design is the diluted odor condition (i. e. ventilation

condition ).  Therefore, once-through design and
implementation is applied for the ventilation system

according to the air demand of diluted odor.

Table 3 Air demand for different control indicators in the short
and long term m*/s
2025 2032
Design condition co Smoke and co Smoke and
dust dust
40 km/h 74.12 78.32 76.13 83.96
30 km/h 63.47 47.74 67.68 53.08

20 km/h (traffic jam) 97.54 55.28 101.51 61.52

10 km/h (traffic jam) 68.35 58.79 70. 04 64.67

Diluted odor 372.17 372.17

173.55 173.55

Fire condition

3 Ventilation calculation

In the ventilation system, the air volume and pressure
provided by fans and traffic ventilation force should meet
the requirements of air demand and be able to overcome
the ventilation resistance.

(1) The natural ventilation force in the tunnel: The
natural ventilation force is considered as the ventilation
resistance of the tunnel, and the wind speed in the tunnel
caused by natural wind is 3.0 m/s.

(2) The traffic ventilation force in the tunnel; In this
project, the tunnel is a two-way traffic tunnel. The traffic
ventilation force is taken into account as the resistance,
and calculated separately according to the working
conditions with various driving speeds.

(3) The friction resistance and duct loss during
ventilation; The values are selected according to actual
tunnel parameters.

(4) The influence of fire-heating air pressure on smoke
exhaust is considered in case of fire.

(5) Increased wind pressure from jet fans: When full

jet longitudinal ventilation is adopted, the increased air
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pressure is balanced by the natural ventilation force, the

traffic ventilation force and the tunnel ventilation
resistance under the condition of stable air flow in the
tunnel.

4 Ventilation scheme

4. 1 Scheme 1: Confluent ventilation with shaft
exhaust and longitudinal ventilation by jet fans

According to the calculation results in Table 3, the
long-term and short-term air demand of the Zhagaliang
Tunnel is determined by the air demand of diluted odor.
Because the control air demand of the Zhagaliang Tunnel
is 372. 17 m’/s for diluted odor in the short and long
term, 372. 17 m’/s is taken as the design air demand,
and once-through design and implementation is applied
for the ventilation system. By calculation, the
longitudinal ventilation of full jet fans can meet the
ventilation requirements under the normal working
condition, and 32 jet fans are needed in the Zhagaliang
Tunnel. Considering that the maximum travel distance of
fire smoke in the tunnel should not be greater than 3 000
m, a ventilation shaft should be set up.

The Zhagaliang Tunnel is constructed in massive
mountain with complex terrain and large buried depth. The
intersection of the ventilation shaft and the main tunnel
can only be selected within 218 m (KI125+848 ~ K126+
066) at the middle tunnel section. The overburden depth
of the tunnel ranges from 881.361 m to 933. 820 m. If the
shaft is set up, its depth is too large, the construction is
difficult, and there is no temporary road. The condition is
unfavorable no matter from the consideration of the
construction safety or the project cost. Moreover, the
project is located in the core area of natural environmental
protection and the construction formalities cannot be gone
through. Therefore, the shaft scheme is abandoned. If an
inclined shaft is set up, the length of inclined shaft is

slightly longer, the construction is less difficult, and

temporary roads are available. Therefore, in consideration
of topography, geology, geometric alignment, cost and
other factors of the Zhagaliang Tunnel, an inclined
ventilation shaft is set up at K126+000, and the tunnel is
divided into two sections with a length of 2 934 m and
2 848 m, respectively, to meet the requirements of smoke
exhaust in the tunnel in case of fire.

In the ventilation scheme 1 for the Zhagaliang Tunnel ,
the inclined shaft is used for ventilation in the normal
working condition and smoke exhaust in case of fire.
Therefore, a combination of confluent ventilation with
inclined exhaust shaft and longitudinal ventilation with jet
fans is adopted. The tunnel is divided into two sections
for ventilation. In order to meet the requirements for
personnel evacuation and rescue, a parallel pilot tunnel is
constructed on the north side of the main tunnel, and
transverse passages with spacing not exceeding 500 m are

set up. The plan view of the ventilation scheme is shown

in Fig. 1.
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Fig. 1 Plan view of ventilation scheme 1 for Zhagaliang Tunnel

The inclined shaft has a length of 1 760 m, a gradient
The axial-

of 12%, and a clearance area of 27. 98 m"’.

flow fan room is constructed above ground. The

parameters of inclined shaft and air duct are shown in

Table 4.

Table 4 Parameters of inclined shaft parameters and air duct for Zhagaliang Tunnel (Scheme 1)

. Length of Gradient of Clearance area Egulvalent Length of connecting
Type of Location of L L .o diameter . Type of
hat haust shaft inclined inclined of inclined ¢ inclined air duct at the bottom i
sha exhaust sha shaft/m shaft/ % shaft/m? © H,IL mne of inclined shaft/m an room
shaft/m
Exhaust shaft K126+000 1 760 12 27.98 5.78 55 On ground

Bi-directional jet fans with a diameter of 1 120 mm
and a stand-alone capacity of 30 kW are selected. The

axial-flow fans with large air volume, low air pressure

and adjustable static blades are used as the feed and
exhaust fans.

The capacity of axial-flow fan should be determined
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based on the characteristics of the wind pressure and the
air volume of the fan. The axial-flow fan shall be
economical and feasible, and some redundancy should be
considered. By calculation, the total installed capacity of
the axial-flow fan is 827.3 kW, and three 280 kW axial-
flow fans are selected. At the same time, 20 additional
jet fans are needed to regulate the pressure in the main
tunnel. When a fire occurs in a tunnel, in order to ensure
that the critical wind speed is 3 m/s, 16 jet fans are set
up to provide the thrust force by jet fans without activating
the axial-flow fans in case of fire. Finally, the fan

ventilation system in the

in Table 5.

configuration for the entire

tunnel is obtained, as shown

Table 5 Fan configuration for Zhagaliang Tunnel (Scheme 1)
Power
T siti Power/ Number of btotal/ Total power/
ype position W fans subtotal W
kW
Section 1 30 10
Jet fan ) 600
Section 2 30 10 1 440
g’:al'ﬂow Inclined shaft 280 3 840

4.2 Scheme 2. Parallel pilot tunnel forced ventilation
network

In this scheme, the parallel pilot tunnel on the north
side of the main tunnel is utilized for ventilation and
smoke exhaust. There is a fan room at each end of the

pilot tunnel, equipped with a 220 kW axial-flow fan.

There are 2 030 kW pressure-regulating jet fans in the
main tunnel. Under the normal working condition, the
fresh air outside the tunnel is evenly fed into the main
tunnel through the parallel pilot tunnel and the transverse
passages. The wind flow in the main tunnel is divided
into two directions at the transverse passage #6 in the
middle part, where the air is supplied toward the tunnel
entrance and exit, respectively.

In case of fire, the main tunnel acts as a smoke
exhaust channel, and the smoke exhaust mode 1is
sectional smoke exhaust. The smoke travel distance in the
tunnel is 2 900 m and 2 849 m, which can meet the
requirements of the design code. Personnel evacuation is
carried out through the parallel pilot tunnel. The axial-
flow fans are adjusted to small air volume. At the
beginning of the evacuation phase, the air pressure in the
transverse passages is positive. When the evacuation is
completed , the fans are adjusted to high air volume in the
smoke exhaust stage. Firefighters can enter the tunnel
from the entrance or exit of the main tunnel.

In case of accidents, rescue vehicles can reach the
accident site through the parallel pilot tunnel. Rapid
treatment can be carried out to avoid people from staying
in the tunnel for too long. The sketch of the ventilation

scheme is shown in Fig. 2.
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Fig. 2 Schematic diagram of ventilation scheme 2 for Zhagaliang Tunnel

The fan configuration of Scheme 2 is shown in Table 6.

Table 6 Fan configuration in the Zhagaliang tunnel (Scheme 2)

Ty i Power/ Number of lizwtul- / Total power/
ype position KW fans subtota W
kW
Section 1 30 10
Jet fan 600
Section 2 30 10
1 040
- N .
/lbual flow Parallel pilot 220 2 440
fan tunnel

4.3 Scheme 3. Longitudinal ventilation with jet fans
and sectional smoke exhaust by inclined shaft
Longitudinal ventilation with jet fans is adopted for the
main tunnel under the normal working condition, and the
inclined shaft is used for smoke exhaust in case of fire.
The parallel pilot tunnel is used for personnel evacuation
and rescue. The sketch of ventilation Scheme 3 is shown

in Fig. 3.



59 1 LI Zhipeng : Comparison and Selection of Ventilation Schemes for Zhagaliang Extra-long Highway tunnel 1491
Smoke extraction inclined shaft 1 760 m
=
— =] -
Lijie 5 § = Yonghe
= ™~
o S S S P g & Z
[ [ N o~ & oo [ S
S F 2 E Jd=858 g 22248 faR8 3
Elnel @ o & & | & o o & % & Bl of T[N
faks B RIS AN & o rESESES S S S RS
[l V2R V4 | RV M M 1 I I o 2
#1 2 #3 4 5 o6 W7 #8 #9 10 w11 #12
Transversg [Transversg [Transversg [Transversg [Transversg [Transversg [Iransversg [Transversg [Transversq [Transversq [Transversg [Transverse
passage | passage | [passage | [passage | passage | [passage | passage | [passage | [passage | passage | [passage | [passage

First section

Second section

Fig. 3 Sketch of the ventilation Scheme 3 for the Zhagaliang Tunnel

Under the normal working condition, 32 jet fans are
used to supply fresh air in the tunnel. In case of fire, the
inclined shaft is used for sectional smoke exhaust so that
the maximum travel distance of smoke in the tunnel does
not exceed 3 000 m. The parallel pilot tunnel can meet

the requirements of personnel evacuation and rescue.

In this scheme, the inclined shaft has a length of 1 760
m, a gradient of 12%, and a clearance area of 13. 35
m’. The axial-flow fan room is constructed above ground.

The parameters of inclined shaft and air duct are shown in

Table 7.

Table 7 Parameters of inclined shaft parameters and air duct for Zhagaliang Tunnel (Scheme 3)

Equivalent
. Length of Gradient of Clearance area q urvaten Length of connecting
) ) Location of o o o diameter . Type of
Type of shaft haust shaft inclined inclined of inclined ¢ inclined air duct at the bottom i
exhaust sha shaft/m shaft/ % shaft/m? o metme of inclined shaft/m an room

shaft/m

Smoke exh

Smoke exhaust 106000 1 760 12 13.35 3.6 55 On ground

shaft

By calculation, the total installed capacity of the axial-
flow fans is 327. 4 kW. Therefore, two 180 kW axial-flow
fans are selected. At the same time, 16 additional jet
fans are needed to regulate the pressure in the main
tunnel. Finally, the fan configuration for the ventilation

system in the tunnel is obtained, as shown in Table 8.

Table 8 Fan configuration for Zhagaliang Tunnel (Scheme 3)

Ty . Power/ Number of P;)(iwterl/ Total power/
ype position W fans sul ksva KW
Section 1 30 16
Jet fan 960
Section 2 30 16
1320
Axial-flow Inclined shaft
fan for smoke exhaust 180 2 360

4.4 Comparison and selection of ventilation schemes

In this section, the ventilation schemes for the Zhagaliang
Tunnel are compared and selected in terms of civil
investment in mechanical and

construction cost, initial

electrical equipment, electricity cost during operation,
ventilation control, ventilation network stability, applicability
of ventilation schemes, management and maintenance. The
civil construction cost mainly includes the cost of inclined
ventilation shaft ( inclined shaft for smoke exhaust ),
comnecting duct, fan room and temporary road. The
comparison results are shown in Table 9.

The initial investment of mechanical and electrical
equipment mainly includes the initial investment of jet
fans and axial-flow fans. The electricity cost during
operation is calculated for 20 years, the average operation
time of fans is 10 hours per day and 365 days per year,
and the electricity cost is RMB 1. 0 yuan per kilowatt

hour. The ventilation schemes are compared, as shown in

Table 10.
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Table 9  Comparison of civil construction cost
Inclined shaft Connecting air duct Fan room Temporary road
Scheme Leneth/ Cost/ Leneth/ Cost/ Area/m? Cost/ Leneth/ Cost/ Cost/ (x10* yuan)
engtvm (%10* yuan) engim (%10* yuan) reasm (x10* yuan) engim (%10* yuan)
1 1 760 5 808 55 145.75 410 205 1.5 300 6 458.75
2 0 0 0 0 367 183.5 0.2 40 223.5
3 1 760 3 696 55 145.75 268 134 1.5 300 4275.75
Table 10  Comparison and selection of ventilation schemes
Electricity cost
Cost of civil Initial investment . 6;(1)‘1(1 Y L,U ® Stability of Applicability d
or ears ’ o
Scheme  construction/ of equipment/ B Ventilation control ventilation of ventilation Mana,,. ement an
. . operation/ maintenance
(x10" yuan) (x10" yuan) 4 network scheme
(x10" yuan)
. Length is not .
1 6 458.75 452 10 512 Relatively easy Preferably . Relatively easy
limited
) 35 312 7 592 Diffim'lll to control the o.pening size Poor Less than More difficult
and air volume of the air vent 6 000 m
. . Length is not .
3 4 275.75 327.2 7 008 Relatively easy Preferably Relatively easy

limited

As can be seen from Table 10, Scheme 1 adopts
confluent ventilation with exhaust shaft and the parallel
pilot tunnel as the evacuation and rescue channel. The
advantages of this scheme are that the ventilation scheme
is relatively mature, the ventilation network is stable, and
the ventilation control, management and maintenance are
relatively easy. However, the main function of inclined
shaft is ventilation during operation. It has a large cross
section, which results in higher initial investment and
operation cost.

In Scheme 2, fresh air is forced into the main tunnel
through the parallel pilot tunnel and transverse passages,
for sectional ventilation and smoke exhaust, and the
parallel pilot tunnel is used as the channel for personnel
evacuation and rescue at the same time. The advantage of
this scheme is that no inclined shaft is needed, which
greatly reduces the investment of civil construction.
However, its disadvantages are that it is difficult to
control the opening size and air volume of the air vent,

the stability of the ventilation network is poor' ™'

and
the natural wind in the tunnel in case of fire has a greater
impact on the ventilation network, which has some
potential safety hazards. Ventilation management and
maintenance is more difficult at the later stage. For this
scheme, smoke exhaust has to be carried out in two
sections, which is only applicable for ventilation in

tunnels with length below 6 000 m and not suitable for

tunnels over 6 000 m.

Scheme 3 adopts longitudinal ventilation by jet fans
under the normal working condition and only the amount
of smoke exhaust needs to be considered for the inclined
shaft. The parallel pilot tunnel is used as the channel for
personnel evacuation and rescue. Its advantages are that
the longitudinal ventilation by jet fans in the main tunnel
is a mature ventilation mode, the cross-sectional area of
the inclined shaft can be reduced by half compared with
Scheme 1, the

reduced, the stability of ventilation network is good, the

investment in civil construction is
ventilation control, management and maintenance are
relatively easy, the axial-flow fans need to be activated
only in case of fire, the electricity cost during operation is
the lowest and it has the highest degree of safety.
Through comparison and selection, the ventilation
Scheme 3 has moderate civil construction cost, low initial
investment in mechanical and electrical equipment,
lowest electricity cost for operation, easy ventilation
control , management and maintenance, and good network
stability. Therefore, Scheme 3 is recommended. As this
project is located in the core area of natural environmental
protection, the inclined shaft is long and the cost of early-
stage civil construction is high, due to the limited
topographic conditions. If the topographic condition
allows for other similar tunnels, the length of inclined

shaft can be shortened, and the advantages of the
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recommended scheme will be more obvious.
5 Concluding remarks

In this paper, the characteristics of Zhagaliang Extra-long
Highway Tunnel are introduced, three ventilation schemes
are put forward, and the recommended ventilation scheme is
proved to be optimum by comparison. The recommended
ventilation scheme adopts jet fans for ventilation during
tunnel operation, exhaust shaft for sectional smoke exhaust,
and the parallel pilot tunnel for personnel evacuation and
rescue. This research mainly solves three problems.

Firstly, longitudinal ventilation is adopted to avoid the
potential safety hazards caused by complex network
ventilation control and poor network stability. Secondly,
sectional smoke exhaust is achieved by using exhaust
shaft. Additional smoke exhaust shafts can be built
according to the requirements of the smoke exhaust
sections, which is not affected by the tunnel length. In
this way, the problem that the parallel pilot tunnel forced
smoke exhaust can only be implemented in two sections
(only suitable for tunnels under 6 000 m) can be solved.
Finally, the problem of evacuation and rescue in single-
tube tunnel is solved by using the parallel pilot tunnel for
evacuation and rescue. This paper can provide some
guidance and reference for the design of similar tunnels.

It is suggested that the problems related energy-saving
measures, safe evacuation and rescue in such tunnels

should be further studied according to the actual traffic

volume and natural wind in the later stage of operation.
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