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Ventilation Design and On-Site Effect Testing for Construction of Multiple

Working Faces in Tianshan Shengli Tunnel
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(1. CCCC Zhongnan Engineering Bureau Co., Ltd., Changsha, Hunan 410116, China; 2. School of Highway,
Chang’an University, Xi’an, Shaanxi 710064, China)

Abstract: To explore the ventilation optimization and energy saving issues in the construction of multiple
working faces in extra-long highway tunnels, the air volumes required for a single working face under drilling
and blasting construction conditions and TBM tunneling conditions were determined respectively based on
theoretical calculations. Combined with the tunnel construction organization scheme, two ventilation schemes
were proposed, and they were compared and selected according to the configured power of axial fans. Based on
the recommended scheme, the layout scheme of pollutant-discharging jet fans was designed, and its feasibility
was finally verified by on-site measurements of pollutant concentrations. The research shows that the air
volumes required for the working faces of the drilling and blasting method and the TBM method are 1 980 m*/min
and 1 500 m*/min, respectively, which are both controlled by the minimum allowable air velocity in the tunnel.
The total fan power of the alternating construction scheme for multiple working faces is only 39% of that of the
conventional construction scheme, which significantly reduces energy consumption. On-site measurements
indicate that the alternating construction scheme for multiple working faces can meet the requirements of air
velocity and oxygen content during the construction period. The average mass concentrations of CO, SO,,
PM, s, and PM,, are lower than the allowable values specified in the Technical Specifications for Construction
of Highway Tunnel (JTG/T 3660—2020), indicating that the scheme is highly feasible. However, short-term
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pollutant accumulation occurs in local areas during excavation blasting, requiring an appropriate increase in air

supply. The research results effectively guide the construction ventilation of Tianshan Shengli Tunnel and can

provide a reference for similar projects.

Keywords: extra-long highway tunnel; construction ventilation; ventilation scheme design; construction of

multiple working faces; field testing
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Figure 1 Location of Tianshan Shengli Tunnel
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Figure 2 Construction and ventilation conditions of multiple working faces in tunnel
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Figure 3 Layout of tunnel construction ventilation system and jet fans (unit: m)
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Table 7 Ventilation resistance and fan power of left-line tunnel (ventilation scheme 1: conventional

construction of seven working faces)
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Table 8 Ventilation resistance and fan power of right-line tunnel (ventilation scheme 1: conventional

construction of seven working faces)

UL e WMKEE/ K/ KEE WTREEENL SR/ REBLD/ FEIiR KL/

m (m®emin"")  &/m 71/Pa Pa Pa kW kW

47 KA 27 F 1225.0 1 980.00 2.0 677.06 50.30 135.41 57.38 57.38
47T 448.5 1 980.00 1.8 355.70 76.59 71.14 28.62
. 67 F Il 109.8 1 980.00 1.8 81.22 76.59 16.24 9.24

3TRAL . . 705.38
rp S TR T — 27 570.0 2024.41 1.8 469.68 80.07 93.94 34.17
PR IUHEEE P S AL 1250.0 4 250.79 1.8 4 440.07 353.16 888.01 633.35

T IR kW 762.76
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B KRR, 58— % A il A I ORI O T A MR AR A A AN S [ — I R BE AT A DR B
400 m*/min. AR F AR B RE TI0UT Ao KU, X 22 TR KU AR B 5 R LD B R O TN 5L X
A G T 7 AN AR TSR it I et KRR Ty K X, AR R AR 9 3% 10 BT B R i s an 8 5 B
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Figure 4 Proportion of fan power for conventional

construction of seven working faces in tunnel
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Table 9 Ventilation resistance and fan power of left-line tunnel ( ventilation scheme 2: alternating construction of seven working faces)

KL A iR L*tJXL%/ KA WA #E/ RS/ SR/ KR/
B /m (m*+min" ') #%/m J1/Pa Pa Pa kW kW
1AL 174 F 1.320.0 1.980.00 2 744.93 50.30 148.99 64.02 64.02
37 1 394.7 400.00 2 7.46 2.05 1.49 0.12
57 T 51.5 1 980.00 2 22.23 50.30 4.45 4.04
2TRML TTEEE — T 27 A 357.0 1500.00 2 89.11 28.87 17.82 5.44 465.85
b G 17 T — 27 570.0 3527.79 2 795.44 159.69 159.09 106.07
PR ITEGEE PR AL 12500 4063.24 2 2 395.57 211.85 479.11 350.18
I SsIEYIN 529.87
F10 HLEREIERXEADRRYLLEGEXTT S 2: 74 TAER ST
Table 10 Ventilation resistance and fan power of right-line tunnel (ventilation scheme 2:
alternating construction of seven working faces)
AL T SRS Wﬂi/ R EREE SR/ Ja ¥ BEL s AL
B /m (m®*min ") % /m BH /7 /Pa Pa 71/Pa F/kW R /kW
47RAL 27T 1225.0 1.980.00 2.0 677.06 50.30 135.41 57.38 57.38
4731 448.5 400.00 1.8 14.52 3.13 2.90 0.24
675 I 109.8 1.980.00 1.8 81.22 76.59 16.24 9.09
3L 183.45
rf S 1R I — 27 R A 570.0 2024.41 1.8 443.59 80.07 88.72 33.46
O IRGEE - PR AE 1250.0 2521.03 1.8 1561.73  124.17 312.35 140.66
FHEL R T %/ kW 240.83
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Figure 5 Proportion of fan power for alternating

construction of seven working faces in tunnel
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Figure 6 Comparison of fan power under two

construction conditions
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Table 11 Ventilation resistance of jet fans and configuration of jet fans (type TJR. 80. 37)

MTEE WRAE/ K PERE/ BRI RASTEKEL SR KL E
m (m*+min"")  (mes ") B 13 /Pa Tt 1 /Pa BHEH/ & [a] . /m
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E IR AR 27 1225 2 535.98 0.50 2.518 9 6.149 9 1 —
LB iBLE] 25 2167.79 0.43 1.916 7 6.1617 1 —
S 2TRGEE — A 1820 4 325.97 1.64 25.9619 115170 3 455
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Figure 7 On-site monitoring of pollutant gas concentrations
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Table 12 Monitoring values of air velocity and oxygen

volume fraction in middle pilot tunnel

i H R /(m e s~ 1) AR R %

e /ME 0.10 18.60

e KAH 2.80 20.70

M 0.97 19.98
RNV 0.50 19.50

£13 HESRATRYRERENFENE

Table 13 On-site monitoring values of pollutant mass

concentrations in middle pilot tunnel mg/m’

W P 5 Re/ME R ME FEE RKREVE
CcO 2.28 32.56 14.240 20
SO, 0.009 3.97 0.469 5
NO, 0.06 30.87 10.900 5
PM, 5 0.01 9.90 1.630 2
PM,, 0.01 7.31 1.190 2
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