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l  IN T R O D U C T IO N        、

I■order to prov ide an er lciettt ttaIFlc op ttation  ill large urban areas,to con sm ctiOn Of a road

n eM ork b ased on circu lar and radial routes can play .an m pom nt r01e. F or ti s reason , th e

M etrop olitan E xpressw ay P ublic C orporation is con sm cting the C en ttal C ttculが Sh niuku

R oute (S駈珂uku R oute).T h e Ⅲain p artof t t  S駈苅uku R oute con sists of an llkm  long ― el

れ1ly justifled, In order to provide an efflcient ttafflc operation h  large urban areas, to
GOn Sm CtiOn  o f a ro ad n eふ汀ork  b ased  on  cttcu lar and  rad ial rou tes can  p lay an  lln P o rtant ro le.

F or thls reaso n , th e M etrop o litan  E x p ressw tt P ub li9 C orp oratlon  is con stru ctin g,th e C en tral

C irCu lar s h in iu k u R ou te (S h n id m  R ou te). T h e m ain  p art of th e S h ttd m  R oute coIIsists o f

an  l lkm  ion g ― el sm cm e 宙 th  h cav y trar lc (s h in id tt T u n n el). T h e m b es fOr each

d irectio n  are sep arate ― els lo cated  u nde r a lo cal ro ad . T h e ex it an d en tran ce rt t s are

com b h ed m  a sin glc m b e oau si■g com p lex  alr ex ch an g e at th ese m erg e and b ranch  p arts.

B ased o■th ese coIIsid eration s,it w as d ecid ed to op erate a t an sv erse v en位latioII sy ste五 血 th is

t― el.

E specially in the light of the accidents in the M ont B lanc T um el and the T auem  T― el, it

w as deem ed im portant to investigate how  a suiable evacuation envlronlnent can be secllred at

tiln es of tunnel flre.In addit on,it is necessary to ltt it costs for p ow er supply,by th e use of a

sui able ventilatlon control at no..1ェal t afflc situ at ons, In order to investigate a suitable

c6ntrol for d■is com plex ventilaton system  ofthe Sh ttuku T_ el,a calculation m odel w as
esl五blish ed, b ased on nodes and links. T h is th eory can also b e app lied for other typ es of

com plex tunn el sm cm es, and requ lres short calcu lat oII t t e. Investigation w as ct t ed out

con cerIIn g th e controllabilitt of d距 10n gitudinal flott ve10citt m
7ith cOm plex tran sv erse `

v entilation sy stetts, based on feedb aく文 control algorith s introdu ced by M iztm o [1]. T h eSe

algorith n s are b ascd oII th c co■ccpt of so called im b alance op cration , in h
Phich exhau st on

an d fresh ttr flow  are artiflcially dit t rentiated.            
'
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F igu re l. 3 C irclllar R ou tes in th e M et o P On tall A rea

2    0 U T L IN E  O F  Iコロ SH IN J U K U ― L

A  road nem ork b ased on  w ell―balan ced radial and cttcular routes can p lay aII m portant role
to prOwlde an eS ttient trar lc op ettd on  in m etrop olitan areas.E specially cttcuユをI rOutes hav e a
si抑蕊cant fttction 的 血crease th e ttd ce of ttф S Or tt ease tram c con centration .

In the T oky o M etrop 01れm  A reら 3 cittd ar routes are bt t g im plem ented since the 1960
'
s,

inclЩ血宅 the M et op ol挽m  lnter‐C ity E xp ressw ay  G ttn_o ―D o), thC T Okyo  G aik an
E x pressw ay and the C enm l c ircular R oute. A t p resent hoW ever9 0n ly 20% of these rOads
hav e beell com p leted, m e― g  a delay w h en  com parln g w成dh other cit es that started
con sm g Circd ar rou tes at the sam e t m e as T okyo, such as L on don (99% ) an d P aris
(74
0/0).

ふ在etropoll十角n E xpressw ay P ublic C orporation  is resp ollsible fOr the ill■er m ost Of the 3
circular routes,佐 C cnt al c tt ular R oute (F i即『c l).

先 t慧 機 ぷ 齢 群 総 縄 洲 祥ま 隠 祐 亜駒 熊 ぉ郷 血 . T he new O孟
pltts a key role as tram c artery that supports the urball and econom lc activities in tte areら
having a tram c vOlu n e of l,15 王近11lon vehicles per dayフand prowlt t g route for 4o% Of dle
goods m nsportthrough the m ctrOp olitan arca.

O n the other hand,thc delay tt im plclnentれon is caush g trafrlcjalns due to lack Ofcapacity,

譜協配名轡署ま1群盤漁濫盤
Ct°f∞n郊∞臨抽血d tt stt apeak
ew Ork and bottleneck  m easllres cam ed Ou t tO

m r ease ttar lc con gestion , h av e resulted in  a reduct on tO half Of the cong estiOn vol□阻e
durin g peak h ollrs in 199 8,but trar lc congestiOn at 』走 radial routes m tt the city center h ave
not reduced .輸直s is caused by cOn gestiOn atth e lnn er C ity L ink (C l),W idltram c v0111m e of
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F ig r e 2 . O u ttn e of th e C en tral C r t tlar R ou te        `

460,000 veh icles p er day ,w h ereas 270,000 v eh icles or 60% are through tram c not hav缶噌 the
city center as i s i n al purpose.

恥 c enm l c ircular R oute (C 2) w ili pl守 a r01e tt diVen  and spread the through trafflc, in
order to provide a w ell―balanced road llew ork in the M etropoli倣l A rett and largely alle宙ate
congettioII. W ith a radius of 81m  tt m  the heart of T o町o, the tOtal lengh  of the C entral
C ircu lar R o u te (F 屯岨, 2 ) is ab O u t 4 (旅m , o f w h ich  2 6血 are in  O p eratiO n . コ瞳 rem t t g
20km  consitt of the Sh虫脚血 Route (1lktt under cottm tOIl at the m om entl alld the
Shinagaw a R oute (9血 ,in plヵnnin9 、

2.2   0 RIthne ofthe Shittuku R ollte
n ゃ s血ぃ山u R oute, ん

= 1lkm ,is an expressw ay W ith 2 仕苅伍c lanes in each direction and a
design velocity of 60kコ働伍.T he m 力ln part of the route cOnsists Of a m nel cOnst uct on,based
on atr quality and lloisc con sidt t On s.B cin g an intercitt m nel,the route has a largc nm bcr
of access routes to local roads, and the le理的 bem een rm p s is relatively short.In total th e
route 航 1litt lude 6 ram p s的 10ctt roads alld 2 junctions to exi銅鴫 r組叫 rOu es.

T he m ne1 0p erates a tran sverse v ttt l" on sy Stem ,w h ich is based its com p lex sm ct e du e
to dx3 bran ch  and m erge sect On s. In total there are 9 ventilation sttd On s, of w hich 7 are
located at p osttOns 宙血 lim ited sp ace, and ali facilities and equlpm ent are installed ill
undergroun d sm ct es an d only h ave the vend lation sh a& as connection to th e ground level.
T he other 2 ventilation statlon s are cOn sm cted ab Ov e grollnd c i部に 3).

In addition to the easterll part of the C entral C ircular R oute w h ich is in op eration at t le
m om ent,血e com pletion ofthe Sh ttd m  Route,plalm ed i■2007,w ill m ean com pletiOn of
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Figure 3. O uth e ofthe Sh山可uk■R oute           .

80% ofthe C entral Circular R oute.Itis Ottected thatthrough tran c concentram g m  m e heart
of T Okyo at the m om cnt is d市crted tO the S駈珂d m  R oute, resd tin g in a m ore ettcient
opむation of the M etropolit t  road n eh

70rk●

2.3  0 udh e Ofshittukll T IIIlneI V end ation

i鉛 襴 益 簿    1督鴨 鑑 隅
ventilaton systeIII can be op erated such that a safe evacuation envI onrnent is ellsllred and the
flreflght activi ies by the i tt brigadl is supported.

In order to achieve these purpOses,佐 S駈対胡Q T― el w 工l apply a transverse ventilation
sytteln to eIIslr e a stable m ncl れ、血 m ent w tt t l the com plex ホ m Ovem ents due to the
m ultiple ― Ps alld jm ction s in the ― el. In additioL  the area su r ounding the Sl瑚 血
T― el cOnsists of a large nm ber of dw elling houses requin ng suitable enu rOm ental
consideratiOns,and i  w as decided tt apply a p oint ext actiOn near the tt m el portals,血 Order
to control oxhaust gas eEllSSion ttom  the tunnel pOt t s.wvtth in tota1 9 ventilation stations,an
overall ventil航 0■capaciけ of 8,000 m た is plaIEled.B ecause dle m ain part Of the ― el iS
Constructed w ith the shield m ethO軋 ■w as decided tO m ake use Of dlc spacc under the road
sf ace as ventilatioII ducts.The sm ct e is based oll aues,forthe fs ttim e in Japan c ittle
4).

D u e to the larg e nllln ber of v ent lation equ lpm ent an d capacity, a h igh en ergy―cOn sm ptiOIl isexpccted.Therefore,invettgations are cattied out to include fたsh ttr incom e throuttt the

紺鷲獣盤鎌名盟盤肌珊盤t
ttC°nttd∝d h trantte ventiltton ttstem乳
Ventiladon operatiOn system  that cOntrols the

10■夢的dinal n Ow  velocitt by balancing the ex徹苺tiOn and supply voh m e.
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Figure 4. C ross section ofShittuku T llILnel

2.4   V en d atio■oP eratiOn d口H Ilg tu nn d  Flre accid eEltS

In the 缶斗並age Of a ― el 敵c it is im portant to ettciently cx tract sm oke to save lives,
supply tt bェェHation to t t ers to ensure a safe evacliЯdon envlrollTnent aIId が de れm el users

throun  the cIIlergency exiゃ的 Safe are益.

Fm em ore, m vestigation s are ct t ed out abou t v entユatio■ op eration and sm cm l tte

protection,in order tt enable im m ediate rescuc and fre ttht " tWites by ttre ttgade.The
ventilat on op cratiOn in the flrst phase of a ― cl tte w ill be dependent on the trar lc

conditioIIs at the tttn e of fr e outbreak.In case of congestiO乳― el users覇れ1l be present both

upstream  and do― tream  of the tte,and the lon gituttinal a ow  velocity is plalm ed to be kept

as closc as possible to O対 s,alld exm ctthe sm oke w hile m 施 航 理 thc sm oke sm tii cation

c 砲押に 5 ). In  c a Se  O f  llo IIn tt tra m c  c o n d itio n s, th e 的回距 l u s e rs 宙 上 b e  p re se n t u p ,廿e
n m  th e

She and  th c v oEはlad on op eration  is such th at slnoke n ow s h  the direction  of the dom stre力m

side ofthe血 ぼiF e 6).

T he ventilation operation  in  the later p hase, w h en the m i gade is ca_ g out 血崎丘ぶ t

activities So m  the up stream  side of the 血 ,is P lalln ed such  that sm ok e flow s h  the dと●ct on

of the do w n streそIn side, and is thu s th e sam e as th e と主t al ph ase ventilation op eration lII case

of n om altram c co迅 t olls,

１埜
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F igu re 5. F ire v en tilad oE1 0p erad o■in case of coxlgestioll
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F ig u r e  6 . F ir e v e lltn a tiO n  O p e r a tiO Il d u r in g  n o m a l tr a fflc c O Ild itio EIS

In all cases, 1l case of ttan sverse v entilation  i  is im portant to control th e lon gitu d h al a ow
veloci呼.E sp ecially tt case of flre,th e control of th e longh 遇h al n ow  v elocity is ttw oi ant in
order to ln alntaln  safe evacu atlon envlronm ent.

2 .5   N ecessitt to COn trol th e lon gittd illal n ow  v elocitt w ith tran sv erse v en tilad on
■ w as con sidered ■ecessa3

/ to secllre the evacuation envirolm ent for ― el u sers (in itial

ph ase) an d tO Supportthe ttre bttgadO (later ph ase) h  Case Of― el flre,

T herefore i  w tt decided_n ecessary to cOntrol the lon gim din al n Ow  velocitt w ith th e p lann ed
transv erse ventilation sy stem f

lt、vas decided n ecesst t  to Operatc a cost cF lcient ventilation  system  th at includ es th e tra£伍c

piston actiOn , in order to liln it costs for pow er consu E呼)tion . B elow  an outlh e is giv en of
investigation to control the lon git d in al ■ow  ve10city w ith the tran sv crse v ent lation  sy stem

plalm ed for the Sh niuku T ― el.

D E S C R IP T IO N  O F  T IIE  S M U L A T O R

3.l    E q u atiol1 0f IIlotioll for lollgitu d illal n our p er u n it sectiOll
T hc equ ation of m otion for lon gittdin al a ow  p er infl血tesim al section な is given [2] as

4 7 0 ⑥B H R  G roup 2 003 V t t cle T urm els ll
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(3 1)

w here 筋̀ = βzァな . In the follow ing, w c assum e the cOer lcients are as f0110w s. The
m om enm m  brougtt intO thc traFlc roOm  by the fresh air is assllm ed tO be zero;thus,ぢゎ= 0.
ヽ■lereas th e exh au st alr is supp osed to flow  out 、u th the m om entu  based on the m ean
velociけ,yielding 曳 = 1.Thus equation (3 1)bccOm es,

あ1昨■24拳r4砕 }=培腕r+句+句ラ

あ
t警
+24拳+4宅十}

一
客腕r+午
+句,

4 =イわ十互
老 争
ゑ

B y integratm g equttion (3t2) over the tOtal settOn based on eq阻五on (3.3),血 g ら and

鳥, the f0110w ing equれon is
'Obta ned. This is thc cqu tion of m otiじn that cOntrols thc

longlm dinal dOw  in One section、In the f01low ing cOnsideratons,徒 f10w  ve10clty 4 2 atthe
start ofa section is taken as the representative 10ngittdinal now  velocitt Ofthat section.

初
警
= 一初
ず歩孝
⑫″
―
。あr卜 4 ρ陽

―
喰 )

一″
号亀チ
1 物 + レ午α)十五 十, 十弓 十え + 4 修α

一
ろ )

初
争
声舟 4 0 2

~
つ '     C つ

T h is is th e 9quation of m otion that controls the 10ngittdttd  n ow  h  on e section , H ere the
f0110m 7in g app lies

/ = +二+●+ら+晃+ F娘 ・           (3.6)

A lso ■ぶ is the force dxerted ttOm  transverse ventilation,

弓初対= 切
万ち丁歩
⑫筋
~
2 っ″)
一Z ァρ陽

一
吃
ル 号者

ら 1 4 2 ) ・
や
つ

D eS五ng,

△ろ=
砕

,

(3.2)

FW he.とェlore,by assum ing ?ルand ?似′tO be unifoェェェ.in a seαiOn, 4  can be fOェュェd ated as a
flrst degree equatton  of tt as

(
3 . 3

)

(3 .4)

(3 .8)

an d sub stin tin g χ= 五 in tO equation 3.3,the continuity equ at10n  is express in a differential
fo.ェェ1,

生=生+孝△4・     c鋤″   カ

3 .2    V elltilation  forces

T h c  v e n til航
1
0 n  fo rC C S O n th e ttg h t h a n d  sid e o f e q u atiO n (3 .4 ) a re eX p re sse d  a s fo llO w s .
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T he w a11 lh ction is expressed as in equ ation (3.H ).

千
=
膨
=
中 塔 号

働 項
】 F

キイ孝件警【残+サ)・

ら=れメルゲИブ
(
1-
ラ;)

( 1

, 1 0
)

(3.11)

B ecau se thc integration i m ctlon is of the secon d degrcc,it can b e solved an alytically .O n th e
oth er hand, the sym b01s n eed to b e addressed an d the absOluteness sym bols n eed to b e
rem oved .                               、

ヨ.2 2  酔研 c P 前例 乃 rcタ

T h e ttafflc p istOn actioh is cxp rcssed as:

ギ=r冴弓.十f江.        (3.12j
Here,the pistOn actlon ofthe tafFlc mo宙ng iom α to β is
弓.=『え=f孔′号々・【巧キーろ●)】化キーる律ル.   ci効

T h e p iston actlon  of the traF lc in th e opp osite direction can also be exp rcsscd sim ilarly `

ヨ.2 J   / czをここaを'o″αcrli9″bJ/
9J移均侮zs

Thc vcntllation action by Jet fans is ettreSSed as

J.2.イ  E ■rFar2C夕raSS

T h e entrttce loss is expresscd in equ ation (3 .15) in caSe Of tt inn ow  ttom  the start p oint,

鳥=―ИrO+4)号吃・
In case ttr i逆10w  frOm  tt cnd pOm t,血e loss is expressed Sim ilarly.O thew iseA lso ,

(3 .14 )

(3 .15)

え= 0.

3 .3   c alculation m odel for com plex ventilatioll systeIIIs
ln order to c紙守Out Calculatlon for com plex ventilation system s,an an】ySiS m eh Od is used
b ascd On graph rcprescntation of the ― cl sm cm e u sing n Odes and link s.

N ( lh  th e graph thcott a gen cral calcuiation m odel for road m els cOn sistm g of m u lt p le
structttes h as been  realized . A ddition ally , b ased on  th c equatiO■ of cOni nu ity  and th c
equation of rnod on concem ing th e lon gitudin al a ow  the pressure at branch and in ergc p oints
is dettved,and a continu ou s con di ion equatiOn for iongitu dinalユOw  is deriv ed.
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Fit t c 7 sh ow s an exam plc of a ncM ork m odel based on n odes and l拡 s,in order to obtain a

general m odel of the m el st t ct t e,N odes and lin ks are det t ed as follow si

llod e Hrith kェow ll p ressu re:t― el p ortals,shaR s op e誼ngs;etc.

n od e w ith u IEk n OW Il p ressu rei ventllation ope対n gs w ltttn ― el,bran ch  and ln erge sectidns
and shatts.

linksI― el and shat sections 内ヽth nodc α as startpbint and node β as end point.

F igu re 7. R ep resen tatiOn  of llod es an d lin k s

F M he.11.ore,n― b ers arc attach ed to cach n ode an d link ,and v elociけ an d trafflc at each link
is posi iv e ttom  start p om t to en d P oint.

J.ユ2  6 o″″2cすθ″″切″茂

In order to apptt the reprcsented netw ork of nodes and links to the calculation m odel,
infoェェェェation is necessary よ)out w hich node is com ected to w hich link. Therefore, a
connection m a8■x is produced,Ⅵth  v alues l) -1 0r O to represent the relation betw een  liコk s

and nodes. S l  shOw s thc conncct on relation  b eN e en  link s and n odes ▼nd■ ― ow ll

pressuEe, S 2 Sh O V`s th e conn ect on relation ben veen  nOdes alld link s w in  kn owEl pressllre,an d

S 3 iS th e m ah x dcsc宜bt t  the colln ection betw cen the ttk  an d i s en d p om t, w h ich is

neccssaり to a1low  thc p o ssibilitt of thC V e10city d亜造rence bem
7een tte start and th e en d

P01n t,

C om ection m ati x S l:化 x 海声

|√ほ跳号靭盟甲辮
C oIInection m atrix S 2 :れとX ド々0

５ =
十
一
l  崩】糖:
::蕊
:i
::緊::;繁縫:腎錯F,
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TttЮ n ow  volm e preservation atlnerge and branch sect on is described as

SiA ,Vr+SすA,△Vァ=0               ,(3.16)
w h e re

L =% 1'42ガ…ル統F'
ΔVァ= lA4 1,Δ4 2'…'△ろに]

r.

ギA,争+ギAァ塑戦=0     ‐り
h en  rep resentm g equ ation (3.5) w ith V ectOrs,the equation  of m ttion ttf the 範回距l air is as

ヽ
  glven

争
= m
・
に 卜 A rS あ + A rS P か     迎 め

flV r)= 1/ に1)〕/ (4 2)'
…ちメ(ラ物)]

r
i

Hl=diagレ1,″2'・・・'初れ]
『

pぁ=レ流,Pぁ2'・…'あが]
r

p92r喜レ"1,Pθ″2'6■0,ぁrヵF
Ar=所宅レ月,Z″2ガ…'И泥]

r

(3.17)alld O .18)for pヵglves

p ぁ
= 一
v r V θ″P 切

一
v P
r f ( V ァ)

一
v tt
S
i
A
ァ
坐 .       ( 3 .1

っ

Vθ切三Sim
~lA,S2・

v"=Sim
-lA,Sl.

「= S im
~l
A 予

ユユイ た“″a 角形 ザ ″0虚0 , ル , αttη確= 文切克腕 ■Sy srgn    
・

Substituting pヵofcquation (3.1りin thC eq口don of血航on (3.18)giveS equation (3.20).

1 学
= fG ら)+ は ァ軌)

・

t
= V デV ttP 例

一v デ「f(ち
一
v r sす
今
ア
奄 差 }
+ A rS 2p ttr 'G 2 の

U sing E ulcr fow ard difFerence,the representativ1 longim 位阻lュOw  velociけ is derived .
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4    S T U D Y  O F  E M ttR C E N C Y  V E N T IL A T 10 N  B Y  SIM U L A T IO N

Ih is section describes t le elnergen cy vent■ation in case of ― el flre. T h e b ehavior of ar

n o w  is im p O rtaIIt in  o rd e r to  e n sllre  sa fe  e v a c取減 o n  e n u ro IH le n te S im u l
a tio n s w e re  c β口 te d

out h  order to ventt the pOSSibiliたs of a feedback control的m aintain the longlttdinal aow
in line w ith the ottected Values.

S口田h b― d 一 N a ttL b om d

←一―:TraS c ttrectlorL  l,2,■_ :hnk  ■,■軋… :node

F iglre 8.
・
N etrfoコよm odelfor SL血抽ku T ll■Ilel

4.l   V entilat on system     _

Sim u lation  is cam ed out w ith Sh由可血 T llnllel as m odel an d fo■oMttng oondit oIIs for case of

eE lergency .F lrst of au  the n etw ork lnOdel b ased on nodes and links is show n tt F iにュ江●8.T he

n ow  rate of m IIsv erse v∝d lation at each sect on is cttculated b ased on  o田性lary vend ation

anЯly sis.

Sed iolls close tt a brancL  such as Link 6, are easily induenced by other links and are

presllm ed to be d sadvantageous in te■上工S Of lonttnd t t  n Ow  control.O n the other hand,the
longin din角1ユOw  Of relatively long sections w im out branch or m erge parts,such as u nk 18,
is pre酎lm ぉ ly easy to cont ol, m erefore, the sim ulぶ o■results of accidetts in  these 舶 o

sett oIIs are show ll.

4,2   S iI■lliatioEI SCen aH o

Thc sin d ation scellan o is sh ow n  as follow s.

・IЪc congestion start at t= .1:40Km in.)350血ahead.
・破燈accident occurs at t= 0:00 Km in.)。
・The accident results h  a flre at t= 1:00Km in.).
・T h e :古e is reco g.■ized  at t

= 3 :0 0 m ・). T h e ― el enm n ce is c10 sed  tt t am c, an d  the

eIIlergency veIItil瓶on controlis started to h ttntttn a O」 s a ow  veloci守.

F tte caused by accident occllrs, v,1五ch is recot t ed wttthin 2 m inutes. A R er the start of

control,the longin dinal d Ow  at the accident si e is lim ited,thereby lおよ晩 sm oke spread and

Elam talnlng the evacuation envlrollm ent.

一
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43   C h aracte五stics Of lon gltu d in al flow

盤ざ替培錨盤i樺抵軽乱ヂ穐総鑑譜艦鮒稗部品襴試温鮮程
・

lottittd nal n ow  veloc貯 狂Om /s is verin edo w itl a rcpres鋼航
Ve section h cluding m m y

U pstreaIIl

てlink 3-4)

O bieCt COntrol

section (link 5o(D

D ow n stream

rlink  7‐13〕

O ther links

Supply E x hau st Supplj
7 E xh aust Supply E xhau st Supply E xh aust

C ase l 100% 2 5% ％０ 100% ％５２ 1000/0 25% 2 50/c

C ase2 250/0 100% ％０ 1000/o 100% 2 5% 250/0 25%

T ab le l.  V en tilad on  op erad oll a■er th e accid ellt

歴謂 盤 1盟 鞘 出盤憾 艦 盛瀦 翻 鑑 端 器ventilat on  fan s are operated as show n  in T abk

A dditionally,the control of the section upstream  and dOW nstre
力m  the dttect cOntr01 secton

have a degrec ofユexibiliw ,and their pattem s are decided as show n h  T able l.

Figuに9 shOW S the now  veloclty change for case l Kupper lim iO alld Case 2 oow er比胡つ|

These results show  dle raIBge of feedback control for case l aIId case 2,Becauseぃs range

おd udes om /s,並w as concluded tttt a feedback control tt m施血■Om /s is possible after the

accidellts to 3:40 HIn..

4.4   F eedb ack ●on trol for lon g itu d h al a (Nv

B asic idea of t t  controllin g logic is the so called
`̀
1血balance op erat on  of 、ミ atiof

'
,宙 血

市htth the lon gin din tt air i ow  call be brou ght to a certam  target v alu e h  
a t an sv erse sy ttem .

A  slm p le ex am p lα if you  w antto redu ce the air a ow ,yO
u  w ou ld in crease the 」随sh  air h  the

downstealn sections,寸皿e increase the exhaustion tt the upstream sections.The ttrerence

ofttsh ttr supptt and exhaustion is det t d as

壇 = 2, - 9″r                律・1)

at each section.A ccording to the direrence ofthe air now  veloci呼的the target value,△2 in

譜聖士当牽茎ヨ
―

―
心 Ⅲ ――

ヽ ― V t拭〕筑On contro l stm ed

ヽ

＼

― _   _   _ ⌒

‐2   ,3   0    3    2    3    4    5    6    7    む   り   〕0

覇T鴻 ilnin utc i

F igu re 9。 C h aracted st cs of loll観機dillal a Ow

抑

９

８

７

６

５

４

３

２

１

０

，１

・
２

一く
，″二

卦
一貿
▼石
＞

チ
重
工
上
＜
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and t Ю one in the dow n strearn sectiolls takes n egative v alue. T he supersch pt r  and r + 1

denote sequen ce of control pen od .
・
                          ‐       `

4.5   Sin u latioll of em ergellcy con trol

T ab le 2 . V el13よation op eran on  P attem

o C on troI P attel■              _                        .

C ontrol cycle 10 sec.

・.T rar lc con trol

T he m acl is clo sed h  both dttect on s 3 血 nu tes at er accident occurrence. T he average

中対孟Ve10d tt iS 60m /h bPfore the accident.

・V elltilad o■equ取平Blent SpeciFlca伍ons

T he required tim e to operate the ventilation equlpm ent ■om  O% to 100% is 60 sec.コhe
m lM lum  ouw utratio is 25

°/O.                           ・

t le upstre角■■section s are calcd ated as

△Or
キ1=△2r_【ψを一/0),

10

9

8

7

6

5

4

3

1

0

‐1

律.2)

一く
ｒ，二
３
一安
）ち
＞

チ
Ｅ
■
と
く

、  

1

出
[じ蜘 0 8

レ ヽ

A α景】●コt

恥 挽 戴 o u t

En響岬thOnm i m 耐 「

-3   -2   -1   0 2 3 4 5 6 T 8 9 19

T苅屯「m inutc〕

F igLre 10,C hange in tim e oflongitudinal aow  velocitt for link 6

4 i ゴ 玄ccttα″″筋 挽夕"″ル5
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4 i 2  S ,秘″あαガθ″x 郷″!佑

A R er con gestion  o ccurrence the 廿劇歴絶 piston actio■decreases, an d at the tim e of accident

O C C u F e n C e  th e  lo n g itu d in a l n o w  v e lo c l呼 re d u c e s to  a b o u t 2 m /s . 羽鹿 lo n g im d
in a l a o w

veloctt reaches the otteCtVttue 30 seconds aner start ofthe ventiltton control for O」s aow
veloctty.A lso aner that,the dow vd octt rem alns at about Om /s.G■gW elo)

て  4 i ヨ Дccttc■r挽 れをめ折 ゴ8

・V en tilad oll o D era tien tttation

U p strcttTn

(link 14
…17)

O ttCCt COntrol
sect on

rlillk 18Ⅲ

D ow lstream

(lin k  19
-2 1)

O ther l賦 s

Supp ly E xhau st Supp ly E x h au st Supp呼 E x hau st Supp ly E xhau st

case3 Ittb a―

lan ced

OD eratio n

L n b a‐

lanced

o p erat o□

％０ 100% h bat

lanced

ODt t d O■

h ib a―

lanced

O D e ra tlo ll

2 5% 25%

T able 3, V eEltilad oll op eratioxl p at em
・C oEltr●l P attern

.    C ontrol ttcle 10 sec.

・T rattn c con竹ol

T he ― el is closed in both directions 3 施 utes at er accident occurrence. i「he average

t ar lc velocitt is 60k m /h .   
・

・V en tilatton ettliPm en t sP ecirlcati.n s

Th e reqlllred tim e tt op erate the ventiladon equ pm ent ttom  0
0/Oto 1000/O is 60 sec.

Th e m inim u n  ratお is 2 5% .

＼

＼ ― Acd徒酎
＼

＼ 庁
一
怖 輸 献 out

ヽ
ヽ

封 Ettlg制守ocatrolsm es L
＼
｀

＼

-3   -2   -1   0    ,   2   3   4    5   6    7    8    9   10

T m e lm inutel

Figure ll,C hange h  d IIle oflongitlldh alttow  velocitt fOr link 18
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4 i イ S i碑″rattθ″rgs/rrs

A R er start of the ventilation control for Om /s tle obieCt Value in 2 m inutes.T his is because ttc

tttfttc Piston action w orks longer an er the m el is d osed to trafFlc, as the distance of th e

entrance is血曲cr aw ay than thatin the case forlink 6.c ig田911)

5   C O N C L U S10 N S           
'

III order to investigate a 凱■table control for the com p lex t an sverse ventilation system s, a

calculi ion m odel w as estabttsheこ b aSed On ■odes an d l綱魅.Sin d ation w ere,■w as carried

out the controllab工Ⅲ  of the 10宅 im 血 江 a Ow  veloclty 前血 oom plex tran sversq v entilation

system s,b ased on  feedback control algorithm s.

恥 sim ulation results show  that for the SL瑚 血 T― el a 魚)W  velocitt of Om /S iS reached 4

- utes an er t t  occlIIenCe llthe w orst case, and l士ds value can be m 分lntam ed h  a stable

m 力nner at er that pom t of tim e.m erefore tt is coIIsidettd h at tt keepm g the d ow  velocity at

Om /s dt t g the initial 鋭堪e w hen the fr e size has n ot lncrease軋 孟iS possible to en ct

sm oke 税施正e keeping i  stratin ed along the celll堪, dlereby
｀
secllrln g the evacuation

envlronrnent for m el users.

Based on these results,■is necess劉丁to clantt the developm ent ofheat and sm oke during
m ■el 血  accidents, an d to con崎古王i the ev acuation  eIIwlrolllnent for m nel u sers, alld

眼 、stigate a suitable v entilatioll control during not t al tram c conditiorls.In  additit t  in order

to consm ct m nels that suitabtt renects the results of this h w ttgation,■is necessary to
im pleElent a high perfom ance feedback ventilatioll control,alld m vestigate the d r ibutiOn Of

sensors such as Яlr n ow  velocitt and direttion m eters, as w ell as dem ing suitable control

10夢CS.       .

Ttte sind ation results are going to be com pared w idl the on‐site experim ent w hen the
S血い山ユT un n d  is com p ld ed . T h ere are A so sev eral com p arisoIIs to v alid ate the sim ultt on

m odel,such as the one at the H igashiyam a Tu neL COnducted early this year.

R E F E R E N C E S

[1] A .M i― o,A .I軌畿とw tt C ontrollabllitt of 10n gim 位 d  air n ow  h  f ansversely ventilated

m nels w ith m ultiple ventilation di宙立ons,Proccedin gs of dle lst lntcm ational C onference on
‐

SA F E T Y  IN  R O A D  A N D  R A IL  Iモ応卜E L S , edited by A .E .V ardy, B asel,pages 425-437

(SW itZerland 23-25 N ovem ber 1992)    .

[2] A . M i― o and T . K a■oh : O n コほe O ne―D im ellsional 取 取適on Of M Otion for the

N m erical Sim ulttion of T rallsversely V entiltted R oad T unnels, P roceedings of 3
蔦

A SM E /JSM E jointF luids E ngttleerI Ig C onference (San Fコ劉田立sco,U .S.A .す18-23 July 1999)

[3] M . D obatti alld T . h 述 , H . Y を亜ど , A . M izuno : = N m erical Sim ulation  of the

E m ergency Thinnel V entilat on for a T ― el w ith L ongitu din al and T ransverse System s

C om binc d, lCは Intem ation al Sy■Щ,oSiu n on  A erodynam ics alld V entilation of V ehicle

T m nels,B H R  G roup ,pp .58 1
‐595 (B o stも■,U .s ,A .,N ov .2000)

[4] N .N i翌宜llm ら Y .G o的,H .的 名 A .M izLm o : A erodり■am ic m odel for the design of

a ventilation system  for com plex v entilation  syste,m s,T ran s.JSM E ,ser.B ,V ol.68,N o675,pp .

2990-2996 (2002)

[5]Tech iCtt Standard for road― els←entilatioo  and exPlalltton,Japan R oad Federation,
0 001)(1早」apancse)

◎B H R  G roup 2 003 V eh icle T ulm els ll 4 7 9



N O M E N C L A T U R E

4
Z ″

Z /

D ァ

晃

 ヽ 毛

4

■
St磯

【

二

″

″
ブ

吃

″戸

″河θ

Z

P 筋

P 例′

夕ヵ

 ヽ     ? 9arr

2筋
~
   Oθ“r

現F,ブ

堪,,ブ

も,,ブ

r

r

ろ

ろ

4
△4
△/0

χ

え

β

亀

area ofjet fan outletlm
2
]

equlvalent i ontalproieCtiOn area ofvettd esEm
2] .  .

cross setton of― 11[m
2
1          1

町draulic diam eter 9f― elEm l

entranc1 loss force口明

」et fan v entilation forceN

w al ttction force『明
trarlcpiSton actlonD咽

10コじm dh al force by transverse ventilation[明
control gain[s/m 3
sed olllenm Em l
airIIlassEk』
nm ber ofjet fans

total nm ber of link s

total n― b er of nodes in m n el

total nm b er of n odes at― el facin g outside

taS c volM Ile per unitlentt lveh/m
・司

press■lre ofIIode in― el『珂

pressllre ofllode atportalEP句

supply n?w v。lu ne perコlm tlclltt Em
3/s.珂

exhaust now  v。11lThe per u it le理由Em
3/s.m E

supply ユow volm eEm
3/s]

exhaustユow  volum eざls3

con■ection m am x of nOdes ln m nel

connect on m atrix of nodes at pom l

connect on Ewttdx of nodes and end of link

:d m e[S]
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