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RS KE ( service level )

iBITEEN ( traffic capacity )
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The applicable “Road tunnel ventilation &
- B - A
illumination design norm” has not taken into
i N consideration those concepts of “Service level”
and “Traffic capacity”, etc. .
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super-long tunnels with high or heavy traffic volume

IBEERNRGEN ) F A GEFFFE
“ﬂ%”“;ﬁﬂ” E(ng
the installed power for operation ventilation system
designed per this criterion may quite possibly has the S —
disadvantages of “Excessive or Inadequate” P ———

X JE#E, ARERN“BREIREE
RiBE. BRIRERFWEITRN,
MEEREZ—
The latter could be a substantial factor ¥
that restricts tunnel traffic volume and

reduce road traffic capacities
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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 !;F =
1 » 3 [ 1 1, 1 ”» :z‘ll'.’
capacity” in “Ventilation calculation”, =&
and has given detail description with

instance of highway.

2 NBBIBRSKESENTEE

Highway service level and adaptable traffic volme

2.1 SIEAEBIARS K TS (Highway service level and adaptable traffic volme )
F1 SELAEEBEKESE (Table 1 Highway service level ranking )

BIHEE (km/h)
EE
Bﬁgquz (pe 120 100 80
% u/k e BAME
BAMHE
m/n) EE | VIC | gy VIC | ZEEV 7
(peu/km/l BB (peu/km/l BB vic Ja}lig\;l
n) ) (peu/km/In)
—% <7 =10 034 750 =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 =271 0.86 1800 260 0.75 1500
PO %% <45 =48 %07& <2200 =47 #HiL10 <2100 =45 | B 1.0 <2000
>45 <48  >1.0 2250 <47 | >1.0 0~2100 <45 >1.0 0~2000
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2 RERRRS K TS ENREE

Highway service level and adaptable traffic volme

2L REAKMENZEE (Adaptable traffic volume for highway )
T2 EEAEKEITEES (Table 2 Highway traffic capacity )

B B (Items) BAr (Unit) FE A (Highway)
BiHEBE (Designed speed) km/h 120 100 80
EAFITHESC (Basic traffic capacity C) peu/h/In 2200 2100 2000
B EITHESIC, (Designed traffic capacity C;)  peu/h/In 1600 1400 1200

R3 BEAREENNFETFHAZEZAADT
(Table 3 Annual average daily traffic (AADT) adaptable for highway )
HHE A (Highway)

BHE (km/h) JZ=3E (peu/d) ANEIE (pew/d) NZEHE (peu/d)

Designed speed 4-lanes 6-lanes 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

e
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3 (N ERREIEIEX BB AR HISE)
(JTJ026.1-1999) HEERITE

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

A RBEENEE m
(Calculation of tunnel air demand ) I ET
RETE 75 RV DY M N

DEHRE @RRERHCO)
REWE WRRERHEL )
EFIERRAE (HBT R FRIR)
FhRiRfE GBI RANAMESE)
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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1 % 1 Oreatv = =y funy Ja Fray Fom L 2N o) ==
Oreqvn = W.qw 'fa(m £, 'fh(w) 'fiv(m .L- Z(Nm 'fm<V1)) E 3.6x10° on Ja Twe %) < o) g
. m=1
i SR AR SR F4 EFEERYU, (Table 4 Vehicle intensity coefficient f,)
%Eﬂm“iﬁﬁ-ﬁﬁé”Nm WorkingIc;fr'lTiEm(sTSh)icle speed 80 " 60 40 30 20 10
( “Designed traffic volume” Nm of each vehicle model ) f, 075 (085 1.0 15 20 30 60
B RS,y (vehicle model coefficient f,, ) ) EAXRTE B
E%E%?ﬁ[fd (Iongitudinal slope vehicle velocity coefficient £, ) @ i‘ﬁpj‘ H‘J‘fﬁﬁﬁ%—‘%m,
ﬂi&—ﬁﬁ%ﬁfivm) (vehicle intensity coefficient f; ) @ FEE A FTREI B AR E B R B, R RENL, 1,5
gV R L

BAFFiHREK (designed smog concentration K )
@ HAbSHEIREARVHHEERE(10~80)km/h, HHTEERIE.
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1
36x10° 17

E @ 1 " 1
I 1 (V) = ————— g Lf fL. 2 N . L
Jaony Sa ooy Fuomy L 2:1 N, S e Qreat 3.6x10° @~ Joon "o~ Do Soony m:l( n S K

TFEER) B
FEMEE: BTETENTER. THERE. BENTRE @ MEERENABRST, BFERKTETEEERE,
W FEBATFEERLIREERRL, . 2 AT /N P TR I T — T T AT R R — R s
In this calculating method, the assumption of traffic volume, driving speed and b. Considering in-tunnel traffic status change, different average driving
possible number of vehicles in tunnel does not conform the actual road speed of vehicles, the traffic volume passing the same section in unit
operation situation. hour is definitely different;

O BUPSATEREY =60 km/hARHERE X 1=1.0, BEARARIE @ it By sl % i Tl 30l Bk T B (3@ i Ay

R, A B SRS B, AT AR .

a. Define f;=1.0 with the average driving speed V =60km/h as standard does c. This calculation method does not taken into consideration “how to
not conform the designed vehicle speed for tunnels or actual running calculate the air demand when the forecast traffic volume is higher
vehicle velocities in tunnel; than traffic capacity of the tunnel”.
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TG (ABTREEARFEY (JTG BO1-
2003) M« ERARFZKFHEH L
MRk X R R S E— RS
—%8 .

The “Highway service level ranking” theory in
“Technical Standard of Highway
Engineering” (JTG B01-2003) has better

integrated these factors into consideration.

------------

@ 0o ]
32 X EER Y 1

(Tunnel traffic ventilation capacity calculation)
20 L

BEIE TN ARG ) T S AT A —
AP+AP +AP,=AP+Z AP,
EXPEFS Ap, (Ventilation resistance A p, )
B#ARE S Ap, (Natural air resistance Ap, )
Ri@@R S Ap, (Traffic ventilation capacity A p, )
RUERYBTREERFSEHERARSEN AP,

(Total resistance from friction resistance and local friction
resistance along each specific air duct in tunnels A P>

BRALRBAOHRBNS = AP,

(Total mechanical power provided by tunnel ventilation
system ~ A Py

— -

HRATERH e
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i E 32 BEREBERNITE

(Tunnel traffic ventilation capacity calculation)
ZIBEEM S Ap, (Traffic ventilation capacity A p, )
A, p N, L

m

(V, - Vr)z

"7 42 3600xV,

LEE (traffic volume )

AR, (traffic composition )

PHEZEHEMX (calculated vehicle speed )

T A& Ry, & X ERFE  (the designed wind

velocity V_in tunnel is determined by design air volume )

HRATE BT BB

http://www. ccrdi. com

Tunnel ventilation calculation method based on
highway service level ranking

EFABREKTESRRBEE BRI E .

BB (AR TREEARSME) (JTG B01-2003) “2AEEARSE K
FHE W, RETREUTESRRSER BTN (3 38
WE, FELIEMEHRXNEFRRBKFE, 46 H EikEERRKAT
R IERA B TA MRS K PSR HIRS, RIGRIEZEA
BARFER. PHTERENTN GRID TEERITHE
EEXNE, SGEMERERTRE, N TREERNREIE
Bt HPBREENRIUN T EREREU S,
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i I 4.1 BFEEMNEITE  (Calculation of tunnel air demand )

1

Oreqon = W'QW )

VID , 1
fa(VJ) 'fh(Vl) 'fiv(VI) -L- Z(Nm 'fm(w)) E
m=1

N, —— 3R B R 55 7K T S5 0 RE 1 K AR 45 A3 B R T
(W) ZEEM RN S FERZER (FREEM)

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.

BRI AN

[— il

p , 1
qu(w) = W Gy 'fa(V/) 'fh(Vl) 'fw(V/) -L- ;(Nm 'fm(V/)) . E

HEG*:

F—F WEmN Gl TEE. ZWEANK, SaIER
EMX LT RRAKF, SRaAWHEH. . THFREIE e
AR E T A BRI S5 7K E 50 I s

B BRIBINNREKPFER KR ARFEE,
WRIEATTEARL, KRARSIER (pewh) MM (Beit) AZiE

Oty :ﬁ'% S o Lo Lo ~L-§3(Nm 'fm(VI))'% BHRERSERMANTEBEN, , BB (N, f)
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L

np , 1
Qreq(Vl) = W'qw 'fa(w) 'fh(V]) 'fiv(Vl) -L- ;(Nm ’fm(w)) E

HE R

B=H, REMNORSATEE, BRI, HEZER
B PRATER Y, RN, G5,

BP, BETELFERAMUNE SRS,
HTRIME M TRIQ, 1) DL B AR

BES, R4 ERABGELREHRRQ,

K [%Hj R BEABREKESE o

(Table 1 Highway service level ranking )

BWIHEE (km/h)

*E
Hﬁgf(qt (pe 120 100 80
£/ u/k BRI BARE
BRBER
m/n) EE | V/IC | asv VIC | Zamv ]
(peu/km/I HE (peu/km/1 il s vic RV
n) n) (peu/km/In)
—4% <7 =109 | 0.34 750 =92 0.31 650 =74 0.25 500
st 4 <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
Uk <45 | =48 1.0 <2200 | =47 #HE1.0 | <2100 =45 B 1.0 <2000
>45 | <48  >1.0 22;0 <47 >1.0 0~2100 <45 >1.0 0~2000

BRI B http://www. ccrdi. com

BRI RSB http://www. cerdi. com



L

1 & 1
it (1) : Q’H/(VD:W"IW'L(V!)'fd'fh(w)'fiv(Vl)'L';(Nm'mel))'E

wiItEAESRETET RN
@© KX (1O BNARTHEFHEGEERA T aRE KRt
(B AEE; X (5) RIEBAFRKERBHERE, BAH
R 2% KRR RSB ER 5 TR & KT (B
TEBREGEERFIE, HIERARREFENNA R T
FREHE

8 Lo

1 &, 1
;T;t (1) : Oreqrn) = W'qw 'fa(Vl) “fa 'fh(w) 'fw(Vl) L %(Nm 'fm(Vl))'E

ZHEAESIEHEAENHES -

@ X (1) REFEMERE, THEPHITEEEMNv= (10~80)
km/h (BUOMEHLE) £)/\AGH; X (5) BERABEIRS K
RIS, SR FERE R B, S T ANIRS F A
UE-S SRS

1 & 1 1 & 1
N (5) : Qret](Vl) :W'qw 'fa(VI) ’fh(VI) 'fiv(VI) 'L';(Nm"fm(w))‘z ® (5) : Qreq(Vl) = W'qw 'fa(w) 'fh(w) ‘ffv(Vl) ‘L';(Nm"fm(w))'E
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L

® (1) : Oreq> =73,6>1106 “Gur* Saony " S Toony * Foon 'L'WZ;(NW, 'fmm)'%
ZItRAZESREHESZHE

® mT () WREREEEK, HPHTEERERL
I, BREARZZE RN NERRK RN, BRFEERER
oo M (5) WATEERFEER RS K FELZMTR

QLo

4.2 BERBEBERNITE

(Tunnel traffic ventilation capacity calculation)

ZIEBM S Ap, (Traffic ventilation capacity A p, )

A p N.-L

=L v, -v,)"
PLHY, STITERAE, HRRRE — RS R, 4 2 36007,
Ek, DEFEFEERYL, BS.
® (5) 1 1
Qreq(VI) = W Gy 'fa(V1> ‘fh(w) 'ffv(VI) “L- Z‘(Nm "fm(VI))'E
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E @ 4.3 TFE3LI (Project instances )

AP = %g ' 360;)7(‘}’ -v,)’ *®5 BGETIEHDRFE (Table 5 Tunnel project overview )
mHE Bfy AR =]
X5 B3V ESTY ] U AT St (/rk::;:l) 3/3.75/80 3/3.75/80
@ F32T PR EEN XA LR ERER BT (TR smngithm m -2.90/-9.0 2761947
TiHE; A %Nr%%iﬁ%Z( T AR 55 7K S5 2 < e R R 9538 RESRENER/LEAERKE | mYm/m 97.94/10.10 / 5964 97.94/10.10 / 5956
BERE M TARERTN (B0 TEESZEFHE; s K 3 K
i=28%  L=1624m  i=2.8% | L,=1640m
@ ZFE32TF PR R TR LR Av= (10~80) km/h (HX i=25% | L,800m  i~+25% | L,~800m
10078 504%) £ )\ANkh); A B@iﬁigi-[—ﬁ$j$vt%j§ﬂﬁ“{,_\\% K ATETRD i;=+0.549% | L,=1800m  i;=0.549% | L,=1800m
KT GS, BICRRNEE R, S I 0% Lo S0 L
5K AL I BT R i=+2.5% | L=450m | i;=25% | L;=450m
=+3.0% | Le=290m | i=3.0% | L=266m
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i I 4.3 TF2ZEHI (Project instances )

% 4.3 TFE3E5 (Project instances )

6 TEEA{T TR ERENTNRZES o= R
s T R %7 TEATETREREOTNEEARLE (EED)
able 6 Predicted traffic volume provided in project feasibility study report Table 7 Predicted traffic composition provided in project feasibility
E 4 2010 2020 2030 study report (absolute vehicle type)
b £ P SiES
AxEg LERAEE (penid) / 37531/ 64651/ 94550 / 2 w | as > ”
HX% (veh/d) 22757 40546 60721 MEWE L KE M o AW WEORE L R ORK HE SR O
1662 2339 2010 | 355% | 95%  2.1%  95% f,/f 5;'.2 41% | 5.0% ?,/f 60% | 69%  14% 79% | 0°
RENNER | ERARARE (veh/h) 956 /1161 2027/ 2863/
2020 | 414%  92% | 22%  8.9% i/? 63/;7 40%  5.0% ?,/3 a1% | 56 1% 70% 53
2030 | 461%  8.5% | 21%  8.4% f,/z 6;'_8 3% 8% ?%‘: 39% | 48% 09% 67% |7
ERASER B http://www. ccrdi. com ERATER T B http://www. ccrdi. com
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4.3 TE%RfF (Project instances )

*8 ZEEXRETHEATER (BXHER)

a Lo

4.3 TE%H (Project instances )

R BEEF I BRFERATENRSFR

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

Table 8 Calculation of actual traffic capacity of this tunnel (absolute vehicle type) P, 2020 2030
2010 2020 2030 WERY  wpmmir  BETRNRE KRR RUTRNR  REET  BETAR
%@ igg BITRENE BATREHBER BT i i " b v s o
W17 IE e | BAT ER iE . (veh/h) (veh/h) (veh/h) (veh/h) (veh/h) (veh/h)
EREAT LRl L fr il
e By R ey i fen B RBeh g 263 8
(pewh) (veh/h) (veh/h) (veh/h)
fcw fsw fHV fcw fsw fHV fcw fsw fHV —_— & 1728 1832 1866
- ZEid: 956 ZEH: 1662 ZEiw: 2339
TR 500 1 09 050 720 1 09 053 763 1 09 054 778 =g 2160 AiR: 1161 2290 A 2027 2333 Aifl: 2863
B 3600 1 096 050 1728 1 09 053 1832 1 |09 054 1866 e 2880 3053 3110
NI ~ | ERBNZEEEAE
3 o _ ERBUNZTERBLES = itk
= 4500 | 1 096 050 2160 1 09 053 2290 1 09 054 2333 BRI Eﬁgﬁigig%tgg%#ﬁ %% K FREEEATRES ’é@;ﬁm%m?wﬁﬁﬁ
e : BRI, T GRNEE=S, AN
BERT % - FRE K F R N — ERNEENE,
PU% 6000 1 096 050 2880 1 09 053 3053 1 096 054 3110 . ﬁgﬁﬁgﬁﬁixﬂgg 1L 22 A iR B R
T ’ ’ M | BRE KPR .
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4.3 TI2=H) (Project instances )

a L

4.3 TiE%H (Project instances )

, . . Rl EFORRSKESMRHEFEMBEEREQ,, \, BIL: mds
F10 BREHEFENBEBREQ,, \, BRI m3/s ’ L
HHE ZiR iR
WA £ #R Re%g =% =4 (P =% =4 P
v 30 40 | 50 60 | 70 8 | 30 | 40 | 50 | 60 = 70 80
R WHEZEE 70 65 65 60 55 50 45 40 70 65 65 60 55 50 45 40
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 = 861 010\ 573 504) — | — | — | —| — | — 6356 T
2030 539 | 541 714 | 595 713 | 858 | 633 623 | 809 675 796 965 2020 752 662 — —  — — — — 755 669 691 602 602 — @— —
2030 670 589 690 596 596 —  — — | 610 541 631 550 550 562 430 416
ERASER B http://www. ccrdi. com ERATER T B http://www. ccrdi. com



@ 4.3 TERfF (Project instances )

PELH AR (n/s)

4.3 TE3H (Project instances )

WHHRIEQr (m/s)
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5 #5%iE (Conclusions )

BEHHERE
tunnel calculated air demand
REER N

ventilation measures for tunnel

e
REEMERE N S5RE N IR RIEL

the friction resistance in tunnel ventilation is in

direct proportion with square of air volume

RRHMESRE K =RARIEL

ﬁ the power of fan is in direct proportion with the
cubic of air volume.
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5 #&%iE (Conclusions )

I

AR (A B TREEARRHE)
(JTG B01-2003) “/2>EEPRE 7k
S 4R R A R H X L (K 1R
W, ERFETARENT
TR S SE o 35 B R A )
SR A FR . S

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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