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1 Preface

The applicable “Road tunnel ventilation & 
illumination design norm” has not taken into 
consideration those concepts of “Service level”
and “Traffic capacity”, etc. .

super-long tunnels with high or heavy traffic volume

“ ”“ ”
the installed power for operation ventilation system 

designed per this criterion may quite possibly has the 
disadvantages of “Excessive or Inadequate”

1 Preface
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The latter could be a substantial factor 
that restricts tunnel traffic volume and 

reduce road traffic capacities
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1 Preface

This paper has suggested adopting a 
ventilation calculation method in related 
to “Highway service level ranking”
theory for theoretical parameters 
between “Air demand” for tunnel and 
traffic volume, “Traffic ventilation 
capacity” in “Ventilation calculation”, 
and has given detail description with 
instance of highway.

2
Highway service level and adaptable traffic volme

2.1 Highway service level and adaptable traffic volme

1 Table 1 Highway service level ranking 
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u/k

m/ln

km/h

120 100 80

V/C V
(pcu/km/l

n)

V/C V
(pcu/km/l

n)

V/C V
(pcu/km/ln)

7 109 0.34 750 92 0.31 650 74 0.25 500

18 90 0.74 1600 79 0.67 1400 66 0.60 1200

25 78 0.88 1950 71 0.86 1800 60 0.75 1500

45 48 1.0 2200 47 1.0 2100 45 1.0 2000

>45 48 >1.0 0~
2200 47 >1.0 0~2100 45 >1.0 0~2000

2
Highway service level and adaptable traffic volme

2.2 Adaptable traffic volume for highway
2 Table 2 Highway traffic capacity 

Items Unit Highway

Designed speed km/h 120 100 80

C Basic traffic capacity C pcu/h/ln 2200 2100 2000

CD Designed traffic capacity CD pcu/h/ln 1600 1400 1200

3 AADT
Table 3 Annual average daily traffic (AADT) adaptable for highway 

Highway

km/h
Designed speed

pcu/d
4-lanes

pcu/d
6-lanes

pcu/d
8-lanes

120 40 000~55 000 55 000~80 000 80 000~100 000
100 35 000~50 000 50 000~70 000 70 000~90 000
80 25 000~45 000 45 000~60 000 60 000~80 000
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JTJ026.1-1999

Calculation of ventilation in “Road tunnel ventilation & illumination 
design norm” (JTJ026.1-1999)

3.1
Calculation of tunnel air demand 

CO

The “Norm” has given detail specification to demand of air to dilute CO from 
vehicle tail gas, smog or odor in atmosphere, among which the air needed to 
dilute CO and smog has direct relationship with the traffic volume, and they 
have quite similar calculation equation structure and parameter selecting 
method.
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“ ”Nm

“Designed traffic volume” Nm of each vehicle model 

fm(VI) vehicle model coefficient fm (VI)

fd longitudinal slope vehicle velocity coefficient fiv (VI)

— fiv(VI) vehicle intensity coefficient fd

K designed smog concentration K 
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4 fd Table 4  Vehicle intensity coefficient fd

m/s
Working conditions vehicle speed 80 70 60 40 30 20 10

fd 0.75 0.85 1.0 1.5 2.0 3.0 6.0

“ fd” fd

vt

(10~80)km/h
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In this calculating method, the assumption of traffic volume, driving speed and 
possible number of vehicles in tunnel does not conform the actual road 
operation situation

vt=60 km/h fd=1.0

a. Define fd=1.0 with the average driving speed Vt=60km/h as standard does 
not conform the designed vehicle speed for tunnels or actual running 
vehicle velocities in tunnel; 
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b. Considering in-tunnel traffic status change, different average driving 
speed of vehicles, the traffic volume passing the same section in unit 
hour is definitely different; 

“
”

c. This calculation method does not taken into consideration “how to 
calculate the air demand when the forecast traffic volume is higher 
than traffic capacity of the tunnel”. 



JTG B01-
2003 “ ”

The “Highway service level ranking” theory in 
“Technical Standard of Highway 
Engineering” (JTG B01-2003) has better 
integrated these factors into consideration.

3.2
Tunnel traffic ventilation capacity calculation

Pr+ Pm+ Pd = Pt+ PW

pr Ventilation resistance pr

pm Natural air resistance pm

pt Traffic ventilation capacity pt

Pd
Total resistance from friction resistance and local friction 
resistance along each specific air duct in tunnels Pd

PW
Total mechanical power provided by tunnel ventilation 
system PW

3.2
Tunnel traffic ventilation capacity calculation

pt Traffic ventilation capacity pt
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traffic volume 
traffic composition 

calculated vehicle speed 
vr the designed wind 

velocity Vr in tunnel is determined by design air volume
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Tunnel ventilation calculation method based on 

highway service level ranking 
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4.1 Calculation of tunnel air demand 
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Nm ——
• /h

Nm’—Traffic volume (unit.mixed models/h) of all models of vehicle 
obtained from max. service traffic volume determined by highway 
service level and predicted (designed) traffic volume.
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pcu/h

Nm Nm ·fm(VI)
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“ vt” fiv(VI)

“ Qreq(VI)”

“ Qr”
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pc
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m/ln

km/h

120 100 80

V/C V
(pcu/km/l

n)

V/C V
(pcu/km/l

n)

V/C V
(pcu/km/ln)

7 109 0.34 750 92 0.31 650 74 0.25 500

18 90 0.74 1600 79 0.67 1400 66 0.60 1200

25 78 0.88 1950 71 0.86 1800 60 0.75 1500

45 48 1.0 2200 47 1.0 2100 45 1.0 2000

>45 48 >1.0 0~
2200 47 >1.0 0~2100 45 >1.0 0~2000

1
Table 1 Highway service level ranking 
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1 vt= 10~80

km/h 10 5 “
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4.2
Tunnel traffic ventilation capacity calculation

pt Traffic ventilation capacity pt
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3.2 Nr

Nr “
”

3.2 vt vt= 10~80 km/h
10 vt “

”

4.3 Project instances 

5 Table 5 Tunnel project overview 

/ / /m/
km/h 3 / 3.75 / 80 3 / 3.75 / 80

/ m -2.90 / -9.0 -2.76 / -9.47

/ / m2/m/m 97.94 / 10.10 / 5964 97.94 / 10.10 / 5956

i1=-2.8% L1=1624m i1=+2.8% L1=1640m

i2=-2.5% L2=800m i2=+2.5% L2=800m

i3=+0.549% L3=1800m i3=-0.549% L3=1800m

i4=+3.0% L4=1000m i4=-3.0% L4=1000m

i5=+2.5% L5=450m i5=-2.5% L5=450m

i6=+3.0% L6=290m i6=-3.0% L6=266m

4.3 Project instances 

6
Table 6 Predicted traffic volume provided in project feasibility study report 

2010 2020 2030

pcu/d /
veh/d

37531 / 
22757

64651 / 
40546

94550 / 
60721

/ veh/h 956 / 1161 1662 / 
2027

2339 / 
2863

4.3 Project instances 

7
Table 7 Predicted traffic composition provided in project feasibility 

study report (absolute vehicle type)

2010 35.5% 9.5% 2.1% 9.5% 2.6
%

59.2
% 4.1% 5.0% 9.5

% 6.0% 6.9% 1.4 7.9 40.8
%

2020 41.4% 9.2% 2.2% 8.9% 2.0
%

63.7
% 4.0% 5.0% 8.9

% 4.7% 5.6 1.1 7.0 36.3
%

2030 46.1% 8.5% 2.1% 8.4% 1.7
%

66.8
%

3.% 4.8% 8.4
% 3.9% 4.8% 0.9 6.7 33.2

%



4.3 Project instances 

8
Table 8 Calculation of actual traffic capacity of this tunnel (absolute vehicle type)

V
(pcu/h)

2010 2020 2030

(veh/h) (veh/h) (veh/h)
fcw fsw fHV fcw fsw fHV fcw fsw fHV

1500 1 0.96 0.50 720 1 0.96 0.53 763 1 0.96 0.54 778

3600 1 0.96 0.50 1728 1 0.96 0.53 1832 1 0.96 0.54 1866

4500 1 0.96 0.50 2160 1 0.96 0.53 2290 1 0.96 0.54 2333

6000 1 0.96 0.50 2880 1 0.96 0.53 3053 1 0.96 0.54 3110

4.3 Project instances 
9

Table 9 Possible service level of this tunnel in each design target years

2010 2020 2030

(veh/h) veh/h (veh/h) veh/h (veh/h) veh/h

720

956
1161

763

1662
2027

778

2339
2863

1728 1832 1866

2160 2290 2333

2880 3053 3110

4.3 Project instances 

10 Qreq(VI) m3/s

30 40 50 60 70 80 30 40 50 60 70 80

2010 368 369 488 406 487 585 428 422 548 457 539 653

2020 482 485 640 533 639 768 564 556 722 602 710 861

2030 539 541 714 595 713 633 623 809 675 796

70 65 65 60 55 50 45 40 70 65 65 60 55 50 45 40

2010 573 504 — — — — — — 634 562 — — —

2020 662 — — — — — — 669 691 602 602 — — —

2030 670 589 690 596 596 — — — 610 541 631 550 550 562 430 416

4.3 Project instances 

11 Qreq(VI) m3/s



4.3 Project instances 4.3 Project instances 

tunnel calculated   air demand 

ventilation measures for tunnel

5 Conclusions

the friction resistance in tunnel ventilation is in 
direct proportion with square of air volume

the power of fan is in direct proportion with the 
cubic of air volume.

5 Conclusions

JTG B01-2003 “

”

This paper, has suggested corresponding ventilation design based on 

“Highway service level ranking” concept in “Technical Standard of 

Highway Engineering” (JTG B01-2003), its rationality is proven by 

large number of engineering calculation and tunnel operation practices. 
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