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Predicting Permissible CO Concentration Limit
for Longitudinal Ventilation Tunnels in Normal
Operation
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Abstract; The current Chinese code, Specifications for
Design of Ventilation and Lighting in Highway Tunnel, lists
the admissible CO mass concentration limits for tunnel, which
varies from international standards on both values and
principles. Two typical types of longitudinal ventilation tunnel
are longitudinal ventilation tunnel with jet fan (s) and
longitudinal ventilation tunnel with jet fan (s) and vertical
shaft(s). Difference form of Coburn-Forster-Kane equation
(CFK equation) is introduced to calculate the CO mass
concentration limits for those two types of longitudinal
ventilation tunnel and a fitting equation for predicting
permissible CO mass concentration limits is presented and is
applicabe to both types of tunnel. The results show that the
CO mass concentration limit values for long length longitudinal
ventilation tunnel should be lower.
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Fig.1 Schematic diagram of longitudinal ventilation
tunnel with vertical shafts
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A COOP D CO M g B AR AR YR AR 4 AL B
YREE AN MRS AT R (NS, %5 Voo A MK
CO F=4: 3, mL » min"; Vi, AARMAE, mL; Po,
AR BN M5 COOM RS R ESF38 O, 4
FEJ3,Pa; Dy RFfiERY BURE ml » min™ » Pa™;

Va K #HSZ, mL « min~; Py HRSIEH, Pa;
Pu,o BKZESRE S, Pa; M Jy Haldane % %0, &7
Hb %t CO B34 155 O, BI3E4 H1 8 il Fhw
t, At max 4} B CO RBIZ A ZINBNE R B
LB} 2], min;

3 ERMREIT CO REREIZITIR
HHIEE

3.1 BEAx CO RERERITRERER Mk
E X IEREE TR B XEE CO RE
WREEFRERIHE LR 170, #2 50 km » h™' 15 BR 18
EEFBEFE— BN 50~100 km « h™". BURIGAY
TS, B RAEREE Y I i TR K, 5 508
Ze
F1 (AEREERRRARTE R @EREE CO K
BRERE

Tab.1 CO mass concentration limits from Chinese Code

JTJ 026.1—1999 mg *+ m 3
B K B /m CO Ji B ¥e 3 FRAE
<1 000 344
=3 000 386

B RETE 1 000~3 000 m BAIF{E Bk EUE.

3.2 BEiMEEX CO RERERMEIRE
PIARC Xtp%i& CO BB E W& 209,
BEAh, B IS T A AR B 44 S R R,
HAEM COP LK 3.

% 2 PIARC 3 CO B R B RE

Tab.2 CO mass concentration limits from PIARC
3

mgem
- CO RS
SREARML 1995 4§ 2010 4¢
ERFHME 15 %

(50~100 km - h™1)

4 HHSHIE

4.1 Afkmigs CO"REMHE
SCRRL12THEFER AR 0. 8 %otk Ry COR (A,

£3 ERNSPDEREREY COP

Tab.3 CO mass concentration limits and equivalent
COHb saturation level from hygienic standards
CORE g N b
b gl REn/ SHEO
(mg+*m3)
EEmMM
Tk ol 23 60 L2l
B AR D 30 15 0. 95

EMEL B RIMARNGSE R, AR COP @ 10%
Gy e AR AR EARMER, HEZ2RE
S 5%, WHOMS 2 CORR{E R 2. 5%. hE
SHEAMBRTERIZE T AR ERESH
CO 2% 1, 00%. A SCHEB 1. 0%, 2. 0%, 2. 5%,
3.0%,5. 0%4EH CO EYRE RETH R AR
4,2 BHEANO4L CO MBS EEMBE

WD P EABEER M EMAN POE
A/NF 360 Pa, B H AR H (R /MED PO 2>360
Pa, A #4E GB 3095—2012¢ B S R ERFE)
RIE IR BEERRE B F-H9845 4 320 Pa, it PO”
B 360 Pa.
4.3 CFK #47EIHESHNE

B PORIRIIEME SR , 2 (4) P H AR S R B
S HBICER[9], W3 4.

#*4 CFK 247 RITESEEUE
Tab.4 Selected parameters’ value in CFK difference

equation
3 g 3 BE
1302 /Pa 13 329 Pgp/Pa 101 300
M 218 Py,0/Pa 6 265
D/ (mL + 0.225 Va/ 6 000
min”*  Pa™1) (mL + min~1)
Vi/mL 5 500 Veo/ 0. 007
(mL * min™1)
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SN ) SR XL 1) 38 XUBE B H5 /2 CO BB ¥k
BEaminE 2. B 2 5T SEERKEN 5 km,i2E
ZHA 50 km « b7 BEAR[R] COF 48 45 X R B4 4 AR
CO FREWE 1.

Xt T 55 S XA 1) 38 KB 1 2 T R AN 7E
BEEIEH DAL CO FRBRERDHFHE N TAS
B4 F BE N FRSE BEIE IR 1 DALY CO FRBWREE.
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Fig.2 CO mass concentration profile in longitudinal

ventilation tunnel with jets

5.1.2 RREKEEN CO FREWKERER RN
B34t T4 %N 50 km « b, REKELE
1~20 k3@ B AT H A AL CO BB ¥R BERR{E, Mk
PSR X EARAR LA H 7E G CO SRR ETE R A
AR COPRgiRxt R CO B W BE BRAE AR AL i 3.

T o10°r —o— CCOHb= gy,
o —o— CCOMb= 05
£l —A— CCOMb= 504
o —— CCOHb=3 g%
2 —o— CCOHb_s
=10 XX

o o R RS RSe
[ R Ypepppp e ——— . S ‘-‘ Gy =
& o lpare B W) FR{E
m pEANS PRI "oy .
5 RIEREETE T

%ﬂ' 101 I 1 I 1

fi

0 2 4 6 8 10 12 14 16 18 20
R K km
B3 BiEKEX CORERERERNKME
Fig.3 The effect of permissible CO mass concentration

limits due to tunnel lengths
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Fig.4 The effect of permissible CO mass concentration
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CO mass concentration profile in longitudinal

Fig. 5

ventilation tunnel with vertical shafts
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HhoLs ZE B A I A BE S 5 Bl 21K B EU (RN B
B Al SRgER B R — AR, SR A
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RREITH DAL, % 5 FiEREE SR CO REWEIE
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Fig.5 The effect of permissible CO mass concentration

limit due to shafts’ position

7 REE K /km
E%J E 1 10 20
ol e 865. 5 94.5 47.8
G 0.805 3 0.0085 0.0020
0.3 e 947.9 10L.0 52.6
G 10618 0.0114 0.002 8
o5 e 1329.6 87.3 45,6
G 11859 0.0129 0.003 2
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Fig.6 The effect of permissible CO mass concentration

limits due to shaft numbers
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Fig.6 The effect of permissible CO mass concentration limits due to vertical shaft numbers

(CO0Hb /% BRI KB/ CO REW®KE BIBE/ A
km Ve (T R A A2 B 0 1 2 3
1 FRAE/(mg » m™3) 843.7 1329.6 1510.7 1536.0
/% - 57,6 79.1 82.1
B FRAE /(mg » m™3) 213.7 234.7 264. 2 275.9
/% - 9.8 23.6 29.1
Lo 8 FRAE /(mg » m™3) 108. 8 109. 6 120.1 123.2
’ B/ % - 0.7 10. 4 13.3
1o FRAE/(mg » m—3) 87.7 87.3 94.2 96.5
/% - —0.5 7.4 10.1
20 FRAE/(mg » m—3) 45.6 45.6 46.8 47.2
B/ % - 0 2.8 3.5
1 FRAE /(mg » m™3) 17 663.5 27 912.0 31729.4 32 259.7
/% - 58 79.6 82. 6
. FRAE/(mg » m—3) 4435.8 4 881.6 5 509. 4 5 759.6
/% - 10.1 24,2 29.8
5.0 8 FRAE /(mg » m™3) 2229.1 2 247.2 2 476.7 2542.6
) /% — 0.8 11.1 14.1
1o FRAE /(mg » m™3) 1788.3 1784. 4 1937.7 1979.0
B/ % - —0.2 8.4 10. 7
2 FRAE/(mg +» m3) 905, 6 908. 0 932.9 941. 0
B/ % - 0.3 3 3.9

BRI B RGE AR CO R W F I (H FH 55 K F 4 L.
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4~8 km I REE , B B AN G A BF AR B
FE8~10 k@&, A =LA (& =) BH B
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FREWEIEES B REIRE<ET10. 7%,
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