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A study on the selection of optimal cross section according to the ventilation

system in TBM road tunnels
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ABSTRACT: Recently, road tunnels have become longer and the plans for long and deep road tunnel have been underway
in urban areas. These long and deep tunnel excavations include NATM and TBM. Shield TBM is applied to around 80%
of traffic tunnels in Europe, and approximately 30% of them in other developed countries. However, as much of
equipment is imported from foreign countries at high prices and distribution rate of TBM tunnel is considerably low in
Korea, NATM excavation method is commonly used. To increase TBM tunnel, it is necessary to do assure economic
feasibility with the supply-demand of TBM equipment. For this, the selection of standardized TBM diameter is urgently
needed. Therefore, the study aims to estimate the standardized optimum section properties of TBM by examining TBM
excavation cross section utilization depending on the volume of traffic, the number of lane and its cross-section
type(single or double deck), and ventilation system.

Keywords: TBM, road tunnel, TBM diameter, TBM optimal cross-section, Ventilation system, Duct size
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Table 1. Assumption of clearance limit on road tunnel

Urban
National Urban | expressway
Road type highway Expressway expressway | (for light
vehicles)
Lane width| 3.5 m 3.6 m 35 m 325 m
Road 1.0 m / 1.0 m / 10m/ | 075 m/
shoulder 20 m 25 m 20 m 20 m
Clearance |, 5 ) 45m 45m 30 m
limit
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(b) Urban expressway (2 lane) - transverse ventilation

Fig. 3. TBM road tunnel cross-section plan considering clearance limit (double-deck, for light vehicles)
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70,000
EE 60,000
National B/ 50000
highway S% 40,000
{’EE 30,000
E2 20,000
== 10,000 |-
Passenger car | Bus (small) Bus (large) | Truck (small) {Truck (mid-size)| Truck (large) Truck(speacial)| Total
M Yangchun tunnel 17,714 95 1,213 9,824 1,890 511 B 31,247
Jindong tunnel 29,421 1,765 1,833 6,464 2,683 2,542 1,006 45,714
[l Bulgwang - 2 tunnel 37,285 1,034 562 6,381 2273 2,668 - 50,203
Apply traffic volume (2 lane) 28,140 965 1,203 1,557 2282 1,907 336 42,390
[ Apply traffic volume (3 lane) 42,210 1,448 1,805 11,336 3423 2,861 504 63,587
Fig. 5. Review of national highway traffic volume
Table 3. Assumption of national highway traffic volume
Bus Truck
Vehicle type Passenger — - Total
car Small Large Small Mid-size Large Special
Traffic volume | 49 965 1,203 7,557 2,82 1,907 336 42,390
5 (veh/day)
Lane | Proportion (%) | 66.38% 2.28% 2.84% 17.83% 5.38% 4.50% 0.79% 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 13.51%
Traffic volume |, 5 1,448 1,805 11,336 3,423 2,861 504 63,587
3 (veh/day)
Lane | Proportion (%) | 66.38% 2.28% 2.84% 17.83% 5.38% 4.50% 0.79% 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 13.51%
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Expressway | £ 2 50,000
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Q.2 .
= B 30,000
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P s IS
Passenger car | Bus (small) Bus (large) | Truck (small) |Truck (mid-size)| Truck (large) |Truck (speacial) Total
[H Sudong tunnel 35,830 1,978 1,082 7,973 2,826 1,648 379 51,716
B Geumjung tunnel 27,185 3,637 1,159 6,281 5,257 2,754 1,581 47,854
[[JDaeneung tunnel 40,111 6,082 939 9,527 4,866 2,935 1,653 66,113
[ Apply traffic volume 34,376 3,899 1,060 7,927 4317 2,446 1,205 55,230
(a)
100,000
Expressway 2= 50,000
3 lane 58
( ) 209 60,000
> 9
Q
= £ 40000}
g2
20,000 -
e e
Passenger car | Bus (small) | Bus (large) | Truck (small) |Truck (mid-size)| Truck (large) | Truck (speacial) Total
[l Incheon tunnel 54,928 8,329 1,286 13,046 6,102 4,581 2,263 90,535
[[J Cheongna Underpass tunnel 56,010 8,493 1,311 13,304 6,222 4,671 2,308 92,319
[ Apply traffic volume 56,907 6,455 1,755 13,123 7,147 4,050 1,95 91,432
(b)
Fig. 6. Review of expressway traffic volume: (a) 2 lane and (b) 3 lane
Table 4. Assumption of expressway traffic volume
Bus Truck
Vehicle type Passenger Total
car Small Large Small Mid-size Large Special
Traffic volume
34,376 3,899 1,060 7,927 4,317 2,446 1,205 55,230
5 (veh/day)
Lane | Proportion (%) | 62.24% 7.06% 1.92% 14.35% 7.82% 4.43% 2.18% 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 16.35%
Traffic volume | - 5¢ 7 6.455 1,755 13,123 7,147 4,050 1,995 91,432
3 (veh/day)
Lane | Proportion (%) | 62.24% 7.06% 1.92% 14.35% 7.82% 4.43% 2.18% 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 16.35%
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100,000
Ex
Urban E’S T ||
expressway S e e
(2 lane) é%—: 40,000 |-
[;_‘3 >, 20,000 -
i [ R I
Passenger car | Bus (small) | Bus (large) | Truck (small) |Truck (mid-size)| Truck (large) |Truck (speacial) Total
[[] Bukhang Underpass tunnel (2 lane) 47,124 3,673 235 6,390 789 826 1,296 60,333
[l Hongeun tunnel 38,258 2,775 2,003 2,505 814 713 18 47,086
[H Bulgwang - 1 tunnel 38,401 2,786 2,010 2,515 817 716 18 47,263
[l Bulgwang - 2 tunnel 32,258 2,340 1,688 2,112 686 601 15 39,700
[[] Gangbyeon Expressway Underpass 71,858 6,172 921 9,857 2,119 1,106 92 92,125
[E Apply traffic volume 45,580 3,550 Lz 4,676 1,045 793 288 57,304
(a)
100,000
Urban © 80,000
expressway g 2
(2 lane) =8 60,000
=L
9.2
E% 40,000
S 2
20,000 -
e
Passenger car | Bus (small) Bus (large) | Truck (small) |Truck (mid-size)| Truck (large) |Truck (speacial) Total
W Gimpo-Yangchon Eco - Highway 39,628 4,284 2,129 6,518 2,084 434 - 55,077
[ Bukhang Underpass tunnel (3 lane) 71,648 5,584 357 9,715 1,200 1,256 1,970 91,730
[E Apply traffic volume 58,386 4,548 1,758 5,990 1,339 1,016 369 73,406

(b)

Fig. 7. Review of urban expressway traffic volume : (a) 2 lane and (b) 3 lane

Table 5. Assumption of urban expressway traffic volume

Bus Truck
Vehicle type Passenger — - Total
car Small Large Small Mid-size Large Special
Traffic volume | 5 5 3,550 1372 4,676 1,045 793 288 57,304
5 (veh/day)
Lane | Proportion (%) 79.54% 6.20% 2.39% 8.16% 1.82% 1.38% 0.50% 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 6.10%
Traffic volume | - 5g 306 4,548 1,758 5,990 1,339 1,016 369 73,406
3 (veh/day)
Lane | Proportion (%) 79.54% 6.20% 2.39% 8.16% 1.82% 1.38% 0.50% 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 6.10%
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Urban 2 = 100,000
expressway | = S g9 000
(double deck, | 3 ¢ 00l
. . Q ?
for light vehicle, Q{.% £ 40000|
2 lane) E > 20,0001
e ]
Passenger car | Bus (small) Bus (large) | Truck (small) |Truck (mid-size)| Truck (large) Truck(speacial)| Total
[ Dong-bu Arterial Highway (section 1) 62,772 634 - 7,124 - - 70,530
W Dong-bu Arterial Highway (section 2) 86,169 833 9,808 96,310
[H Dong-bu Arterial Highway (section 3) 64,044 619 7,290 71,953
[l Dong-bu Arterial Highway (section 4) 49,129 475 5,592 55,196
[ Jemupo tunnel 52,941 4,464 6,378 63,783
[ Apply traffic volume 63,071 1,598 5 7,267 71,936
Fig. 8. Review of urban expressway traffic volume (for light vehicles)
Table 6. Assumption of urban expressway traffic volume (for light vehicles)
Bus Truck
Vehicle type Passenger — - Total
car Small Large Small Mid-size Large Special
Tratfic volume | ¢ 7y 1,598 - 7,267 - - - 71,936
2 (veh/day)
Lane | Proportion (%) | 87.68% 2.22% - 10.10% - - - 100.00%
Proportion of large vehicles [bus(large) + truck(mid-size + large + special)] : 0%
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Fig. 9. Critical velocity according to TBM road tunnel cross-section (CFD)
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Table 7. Analysis ventilation capacity of TBM road tunnel (longitudinal ventilation)

TBM Road Jet fan quantity (EA)
Case diameter | cross-section
(m) area (m’) For ventilation For smoke control
2 lane 11.97 72.14 Upward : 7 / Downward : 6 |O.K |Upward : 11 / Downward : 11| O.K
National highway
3 lane 15.43 111.92 Upward : 9 / Downward : 7 |O.K |[Upward : 15 / Downward : 15| O.K
2 lane 12.66 79.40 Upward : 8 / Downward : 7 |O.K |[Upward : 11 / Downward : 11| O.K
Expressway
3 lane 14.74 103.27 Upward : 13 / Downward : 9 |O.K |Upward : 15 / Downward : 15| O.K
2 lane 11.97 72.14 Upward : 5 / Downward : 5 |O.K |[Upward : 10 / Downward : 10| O.K
Urban expressway
3 lane 1543 111.92 Upward : 6 / Downward : 6 |O.K |[Upward : 14 / Downward : 14| O.K
Urban expressway (upper
deck, for light vehicle, 2 lane)| 108 3139 > OK ? OK
Urban expressway (lower
deck, for light vehicle, 2 lane)| 108 63.62 > OK ? OK
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Table 8. Analysis extraction duct size of TBM

road tunnel (transverse ventilation)

- . 2,
TBM Smoke extraction Extraction duct size (m") )
Case . 3 Evaluation
diameter (m) | flow rate (m’/s) Require Design

Case 1 : National highway (2 lane) 11.97 169 11.27 5.51 N.G
Case 1-1 : National highway (2 lane) 12.57 (+0.6) 176 11.68 14.03 oK
Case 2 : National highway (3 lane) 1543 198 13.18 18.63 OK
Case 3 : Expressway (2 lane) 12.66 175 11.67 7.09 N.G
Case 3-1 : Expressway (2 lane) 13.06 (+0.4) 180 11.94 13.03 0K
Case 4 : Urban expressway (2 lane) 11.97 169 11.27 5.51 N.G
Case 4-1 : Urban expressway (2 lane) 12.57 (+0.6) 176 11.68 16.32 0K
Case 5 : Urban expressway (3 lane) 15.43 198 13.18 20.75 OK
Case 6 : Urban expressway
(upper deck, for light vehicle, 2 lane) 1299 143 9:33 4.30 NG
Case 6-1 : Urban expressway
(upper deck, for light vehicle, 2 lane) 1339 (+0.4) 146 973 1009 OK
Case 7 : Urban expressway
(lower deck, for light vehicle, 2 lane) 1299 151 1007 780 NG
Case 7-1 : Urban expressway
(lower deck, for light vehicle, 2 lane) 1339 (+0.4) 152 981 10.11 OK

Duct size (supply/exhaust) [m?]
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Fig. 10. Analysis of duct size (supply / extract duct)
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Table 9. Analysis duct size(supply / extraction) according to TBM road tunnel cross-section (transverse ventilation)

Urban Urban
National National Expresswa Urban Urban expressway expressway
Road type highway highway (12) lane)y expressway | expressway |(upper deck, for|(lower deck, for
(2 lane) (3 lane) (2 lane) (3 lane) light vehicle, light vehicle,
2 lane) 2 lane)
Supply duct (m’) 7.93 11.90 9.20 5.60 8.40 3.67 3.97
Extraction duct (m’) 11.68 13.18 11.94 11.68 13.18 9.73 9.81
Supply / Extraction 0.68 0.90 0.77 0.48 0.64 038 0.40
proportion (%)
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Fig. 11. Schematic cross-section for smoke extraction flow
rate calculation
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Table 10. HRR and smoke generation rate according to

Vehicle
. Passenger HGV
Vehicle type Car Bus HGV with DG
Heat Release Rate
~5 20 30 100
(MW)
Smoke genfratlon 20 60 ~ 80 20 200
rate (m’/s)
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Table 11. Calculation of duct size (supply + extraction)

Road tunnel specificity Duct size (supply + extraction)

National highway
/ Expressway / Urban
expressway (for all vehicle)

(Qg / 13 m/s) X 2 times

Urban expressway
(double deck,
for light vehicle)

(Qg / 13 m/s) X L5 times
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