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I   T h e  lK tt n
―●t S ‐u  R O a d  T u n n e l  i S  e q u 工p p e d  w i l h  a  1 0 n g ェt u d i n a ■ v e n t i ■a t i o n  s y s t e m  i n

sp■te of its l●ngth of 10 ,9 km ′ the lo nge s t roとd  tu nne l in 」ap an .  T he  s tuβV  On  th e

p e r f o r m a n c e  o f  n o r m a l  v e n t i l a t i O n  w a s  a l r e a d y t p r e s e n t e d  a t  t h e  4 t h  I S A V V T .  I n  t h e  p r e ―

s e n t  p a p e r ′ t h e  a u t h o r S  w i l l  d i s c u s s  l n  d e t a i l  t h e  o p e r a t i o n  m e t h o d s  o f  v e n t i l a t o r S  r e ―

l a t e d  t o  r e f u g e  c = r c u m s t a n c e s  w h e n  f i r e  b r e a k s  O u t  i n  t h e  t u n n e ■.

The autlors hlVe made a thorou9h investigation  on the
~占Oatial ttnd tempora■ a istrir

OutiOn Of smOke  h rough nunerical slm ulation under the variouS ope ratiOn reg 工m es  w h ich
mェght be in,talled in the actual system .

S h u t d o w n  o f  a l l  v e n t i l a t o r s  ■s  t h e  s ェm p l e s t  a n d  i m m e d i a t e ■y  o b v ■o u s  m o d e  o f  o p e r a ―

t i o n .  w i t h  t h i s  m o d e , ■t  i s  P o s s i b l e  t o  m a i n t a i n  s a f e t y  u n d e r  m o s t  o f  t h e  s i t u a t i o n s .

I n  s o m e  c a s e s , h o w e v e r , o n  a c c o u n t  o f  u n b a l a n c e d  t r a f f i c  o r  s t r o n g  v e n t i ■a t i o n  d r a f t  b y
n a t u r a l  w i n d ′ a  c r i t i c a l  s i t u a t i o n  m a y  b e  e x p e c t e d  t o  o c c u r .

O n e  o f  t h e  im p r o v e m e n t s  t o  t h i s  p r i m i t ttv e  m e t h o d  i s  a  f e e d b a c k  c o n t r o l  o f  t h e

a x i a l  f l o w  v e l o c i t y  i n  t h e  t u n n e ユ.  ェf  th e  ぅe t  f a n s  c o u l d  b e  p r o p e r l y  o p e r a t e d  a c c o r d ―

■n g  to  t h e  s ■t u a t i o n  i n s ■d e  t h e  t u n n e l , t h e  m o s t  f a v o r a b l e  c ュr c u m s t a n c e  t o  t h e  r e f u g e e

C O u l d  b e  r e a ■i z a e d !  T e  s e t  t h e  c r i t e r i a  t h a t  t h e  f ユo w  v e l o c i t y  i n  t h e  t u n n e ■ w o u l d
c o m e  d o w n  t o  z e r o  a s  s o o n  a s  p o s s iめ■e  a n d  kゃe p  i t .  T h e  c o n t r o l  s y s t e ln w a s  e s t a b ■i s h e d

o n  t h e  s i m u■a t o r ′ in  w h i c h  t r a f f i c  a n d  w i n d  v e l o c i t y  d a t a  a r e  u t iユI z e d .  B y  t h i s  m o d e ′
t h e  w i n d  v e l o c i t y  c o u l d  b e  s u c c e s s f u l l y  r e d u c e d  t o  v a l u e s  b e ■o w  l  m / s  w i t h i n  t h r e e  n i―

n u t e s  a t  t h e  m o s t  f o r  a l l  s im u l a t io n  c a s e s .
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Ina s s  O f  t h e  a i t  c o ■u n n

P r o d じc t io n  t e r m  o f  s血o k e

t i n e  c●o r d i h a t e           l         l

r e f u g● v e 1 0 c i t y     :

ai r f 10 w  ▼●1。C i ty  ■n  ih e  a X ia■ o i re c t iO n  O f  th● tu n n e l
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ユ. 2 6     t e ■e f o n e s   ―一>   t e ■e p h o n e s

■. ■6 - ■7  t h e  r e s tts t a n c e  i s  p r o p o r t i o n a ■ t o  t h e  s q u a F e  o f

c u r r e n t   ――>

t h e  r e s ■s t a n c e  ■s  p r o p o r t i o n a ■ t o  t h e  c u r r e n t

p . 8 7 i n  F i g .

８７

I
■
′ ±

2
′ 主

3



1 .  IN T R O D U CT 10N

T h e  K a ,‐e t S u  t u n n e l ′ ●ユtぃ。ug h  it  is th e  lo n g e s t  ro a d  l u i ne l itt 」a p a n , i S  e q u ip p e d

w ith  a  lo n 9 ■t ud in a l v e n t il a t io n  sy s t e m  w it h  ve r t ic a l s h a f ts  a n g  e le c t r ic  p re c ■p ■ta tO r s ,
from the point of etonorty in constructiOn ang operetion.  BecauSe the ■o早gitudinal s立亭―
t e m  i s  a p P l ie d  t o  s u c h  a  l o n g  t u A n e l  f o r  t h e  f i r s t  t im ● i n  t h e  w o r l d , d e t a i l e d  i n v e s t i―

g a t io n s  w P r e  p e r f o r m ●d  o n  v e n t i l a t i o n  o p e r a t i o n  b o t h  f o r  n o r m a l  a n d  a b n o r m a ■ s i t u a ―

t io n s .

工n  t h e  s t u d y  o f  n o r m a l  o p e r a t i o n ′ e m p h a s i s  w a s  pュa c e d  u p o n  h o w  t O  vゃn t i l a t e  p r o p r

e r l y , k e e P i n g  p o l u t a n t i c o n ce n t r a t io n s  b e l o w  c e r t a i n  l e v e ■s ′ w h : ユe ′ a t  t h e  s a m e  t i m e ′
O b S e F V l n g  e c 9 n o m y ・  A C 1 0 r d i n g  t o  a  s e r i O s  o f  n u m e r i c a l  s i n u l a t i O n s i u n d e r  v a r i o u s  c o n ―

t r。l s y S t e m s , w e  h a v e  f o u n d  it  b e s t  to  ●●n t r O ■ V e n t i l a t o r s w i t h  a  c O ttb i n e d
feedbalk―feёdfOrward controller system ′ tak=Hg po■utiOn concentrat=Ons ahd traffic into
a c c o u n t  (R P f . 2 ) .  T h P  S y s t e m  i s  b e i n g  c 9 n , t r u c t e d  s O  t h a t  t h i s  c O n t rもュ 品O t h b d  c 6もld  b e
r e a ■i z e d .                                

‐

T h e  ttO S t Se r io u s  s it u a t ib n a甲9 n g  a b n o rm a l ca se s  is f ire  in  th e  t u n n e ユ.  I t  is  im ―

p o r ta n t  f roⅢ th e  s id e  O f  Op e ra t iO n  tO  s e l u re  s u c h  。ェ士c u m s t a n c e s  th a t  p e o p l e  c a h  t a k ●
10 f u g e  s a f e l y w“e n  a  F irも b re a k S O u t ,  B e c ttuF e  sttO ke  iS  ユI ke ユy  tO  d is t u r b  th e  a c t ib n  o f
ta k in g _ re f dg e , it h ad  b e e ,  いop e d  tO  s t ud y  p re c ise l y  th e  r●la t io n s h ip  b e tw ●e ボ t h さ e w e r―

g e n c y  op e ra t io n 
‐
o f v o n t i■a t io n  a n s  thゃ re S uュt a nt  b e h a v io u r o f sm o ke .                 _

T h e  a u th o r s h a ve  in v e s t ig a t ed  th ro u 9 h  ttu中●r iC a■ s im u la t io n s h o w  w e l l  t h e  v e n t iユよT
t io r s  co u ld  b e  op l ra te d  in  e m e F9 e n c y  C a Sゃs , a g a in s t  th e  e f f e c t  o f  t r a f f i c  a n d  n a t t r a ユ
W ind .  A S  CO n n e C t in g  t u n n e l s be tw e e n  th e  lna ln  a nd  th e  re f u ge  t u ,早e l  a re  ittst aュle d  e v e r y
350m in the dire●t主on of the ltunnel shafl′ it iS Considereβ tO be safe when the pさ。p■e
arrive at th is po int l  The imost important problen is theref6=e red uCed to supp rゃss ing
thゃ hOvement of smokl ●spe●I■1■y in the f irst few lnindtes .

F o r th e f irs t s tag o , th e be hav io u r O f sm o ke is  in ve sit ig a ted  und e r va r・io us tra f f ic ′
na tu ra l w ind co nd it io n s and  f ire .p o■, t  10 C S t io n s ′ w h e n  a lュ th e  Ve n t i l , t o r s  O re  s h u t
dO☆h a S SOO n a s the  f ire  is d e te c ted .  官he ne xt a l t e r n a t ュv e  itt h  t r ia l t O  re d t l e  th e
d●pe ttd e nce  o f the W ind ve lo c ity 」pOn t ra ff ic! a,0  1 a t u r a■ w i nd ′! by !m e!a n s  o f ib■oャ1■9  a
la rge  amO uni  of a ir in  th e  se c t io n s o th e r th an  th e one  in c lud in g  th e  f i r e  p o i n t i  A nd
the  mO S t SOp h is t ioa te d  m e th oo  is the  fe ed bac k Fo n t r o l o f  je t  f a n s w i t h  rゃ91 rd  to  t h e
d ir f 19 W  V●10 C ity ′ tO k in g  tra ff ic d a 1 3 a lSo  ■nto  ad co un t :

F O r  e a c h  O p e r a t i o n  m o d e , v a r i o u s  c a s e s  a r P  n
! rle r i C P ユユy  s ittu l a t e d ,  T y p ■C a ユ r e S u ■t s

a re  d eⅢo n s t r a tゃd  a n d  d i s c u s s e d .  F i n a l l y  a  p r o p o s a ュ I S  m a d o  a s  t O  h o w  t h e  r e S u l と o f
t h i s  s t u d y  c o u l d  b e  r e a l i z e d  i n  t h e  a c t t a l  s y s t e中.      ‐

2  ̀  T H E  F E A T U R E  A N D  T H E  E Q じIP M E N T  O F  T l 昼 ェo N N E L          
!

2 .■  T h e  f e a t u r e  o f  t h e  K a n―e t s u  t u n n e ユ

T h e  K a n―e t s u  t u n n0 1  主s a p a rt o f  th e  30 0 km  lo n g  K a ni e t s u  l 19 h W a y  w h i c h  c b m b i n e s
■6 ky O !a n d 17■19 a t a .  T h● t u n n eユ is a t ia b o u t  1 5 0  k m  n o r t h  n o r th ! w e s t  O f  T O k y o t  A f t e r
te nT Of dt y e a r s f r om  t h e  s t■r t O f p ■a n n i n g ′ it  is no w _ a■m o s t  c。■p l e t e d  a n d  i s  u n d e r  t h e
f in a■ c o n s t ru●こiO n  s t a g l  t o  be  Op e n  f o r  p u b ■i c  s●r v i c e  i n  N O V e m b e r  1 9 8 5 .  T h e  f i n a ユ
p l■n  ユS  tO  Se rv e  f o u r iよn e s w ith  tw o  t u n n e l s , b u t  i t  w i l l  bゃ u s o d  a s  f a 6 i n g  it r a f f i c
w ith  th e  f lr S t  tu h n e l u n t ュl th e S e n s ity  o f  t ra f f il  g r o W S  u p  t 6  a  c e r t a i n  lゃv e l .  T h e
t un ne l c o u ld  a t t r a c t w o r■d  a t te n t io n  n o t  o n l y  f r。中 it早 ユe n g th  o f  10 ,8 8 5m  b u t  a l s o  f r o 四
主,s eq u ip mゃn t .               

‐

‐T h e  s ta n d a rd
rc r o s s  s e c t io n a l a re a  o f  ti e  m a in  tth a f t  iS  6■.野 m

2
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W i
l ユ b ● u s e d  a s  a  r e f u 9 e  t u n h e l .  F o r  t h i S  r e ■s O

P ′ O O n n e C t i n g  t u i n e ■s  a r e  s u g  b e t tt e さ n

the ma in and the Fefu9さ―tunne■, numbe ring up t。 34 (refer ROf . 1).

?.2  v e,こ主主allon  fOr the ord inary case

K a n ―e t s u  t u n n e ユ i s  r e m a r k a b l e  ■n  t h a t  i t  i s

l a t i o n  s y s t e h  i n  s p ■t e  o f  i t s  l e n g t h `  A l t h o u g h

v e n t i l a t i o n  m e t h O d  i n  d e t a i l  e l s e t h e r e  (R e f 。 2 ) ′

Pq u工pp ed  t itぃ the  10 ng it u O in a l iv e i t i‐
th e a u tいo l s ha v e  d is c u s s e a  th e  no r m a ユ
th e  ba s ic cO , c e p t W i■ユ be  g iv ttn  h e rさ
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a g a ■n . T h e  g e s i9 n  oo n d it iO n s fo r  fa c in g  t ra ff ic  a re

M a文=Indh  t ra f f ic  f■ow   i              1 5 1 5 / h

A Vさrl o e  Sp e e d                
i
       1 0 km / h

R▲te of diesP■ eneineg vehiもュes   ‐ 34:2 を
A ■工OWa0 1e  l主9 h t l ra nsm iSs iv ity  

‐  ‐ 40 を (fo r 10 0m )

A ユユOwa b le co  co n te n t ra t ion          1 00 p pn

s 6 uth/ nO r th  fa c ing  tra ff ic  ra t i。    60名 /  40培

N a tこra l t ind                        - 2 .5 m / s  (tOw a rd  so u th )

D ire c t iO n o f v●h t ila t ion a ir fユow    tow a rd nO r th

u nde r i th 6 se co no it iOn亭′ th e a lloW●b■e cO r Ce nt rュtiO n s ha ve  to  be m a in ta ine d  bソ h e a n s  o f

the t市。 v` n t ila t io n s ta t ib n s とl th● OO t tOm  O f thゃ ve rt ica■ s h a f ts r th e  f iv e  e l o c t rb s ,

こa t it pr o c ip itat or iS la t io h S , a,d 5 2 je t if a , s  (■,15m  ュn  d i a h e t e r ) t  T h e  nゃc e S S a ry  a i■

flow  ra te fo r the とb6 ve  co nd it io ,s iS Sいow ■ ■n F iO . 1′ tOg e the r w ith  th● re s uユtan t oon i

c さn t r a t i o n  d i s t r i b u t i 5 4 S  O f  ttm o k ё a , d  iC O I  T h e  r●I a t i↓さ v a l u e  l  c o r r e S p o n a s  l 。 4 0 を もf

主主ョh t i t r a n S m i s s ttv i t y  ュn d  l o o  p p m  b f  l o  r e s p P , t i Y ●
ユY ,  = in  p :早C l i C e r h O

T
e v e r

r 
t h や d I S t r i ―

b u t i O n s  C h a n g e  w i t h  t i m ゃ o n  a c c 9 u , t  O f i l “e i C h a n g e  o f  t r a f f i c  a n d  n a t u F a ュ w  ttn d ・ ‐W e  h a v e

p r O P 6 s e d  t h e  C O m b i n e d  f ●e d b a c k i f e e d f O r w a r O i C O n t r o ュ s y s t C h  t b  c o p e lw i t h  t h i s  d i f f i c t i t y

in the ユとSt r●Pbrt i(R,f. 2), ald the さ。こ|さments are bさing prepared tO c64ヤert thゃ prO_

pOsal intO realュty !                ‐     !

2 .13   1 n s t a l■a t io n S  a g a i n s t  d i s a s l e r

I t is s tro n9 1y dゃs ir a b■e tO  in fO rm  th e ico n tr o■ 6 e n t e r  u l g e ttt l y  w h e n  f i F e  b re a氏号
out o r 

ia n ac c ice nt l app Q n s ′ i阜o tl a t it h Oy  Ca n  take q u icに m e a su rゃs aga in s t  it .  F O r  th iS

p u rp o se r th e 
i
fo l■o市ittg eq u iP血●ntis ュre 99 ingi to →e in S ta■■ed .      ‐ 1        1

2 . 3 .l   C o m rtu■ic a t i O h  e q u i P m e n t    i       ‐

‐ | I A s ‐さO m ttH tti c a t i。占 ♀とⅢ:p m e n t i  O l s1 1 , w t , O n  C
P T いu

r
il・古t O r s , f 主‐r P  g e l さc t 9 =

, 4 ●品e r g さh f ¥
tゃユ。fO,es and retarda tion de fectOrS are be ing ihltalユed .     !        :   |      |    ‐

2 .o `2  E「lergency w■rn ingS          ‐   1                               
‐

‐   W arn ing id isplh ys ‐at the entrance ■hg inside of the tunh●1 , fュiCker lam p S ′ w a rn ing
lamps and sirens arei be ing i, stalled in ord●r to infOrm  lhe peop le Of the eCc id●h t a nd

■et them Stos or keゃp off the tunne■,

2 .3 .3  F ir e ●x t ing u is h in g  ●q u ipコe n t   ―
                                            i

F ir● eまt in g u is h e r s , f ite  p l ug s , h y d r a n t s a n d W a te F Sp ra y s a re  be ino  in s t a l■l d =

2 .3 ,4  R e f u 9や 9 u idや e q t iP m e n t            i                                            i

l n  p rd e r ■o  g u id e  pさ。P lゃ t o  th e  S▲f e  p ユa c e  in  da s e  o f  em e rg e n C y , 高a r “i n g s  f O r ie n ―

e r9 e n。才 e x i t ' re f dg e  g , idゃ be a cottS ′ 中ed iu m  w a v e  re―b r o ttdiC▲' t ing  eq u ip m e n t 4 1 o u d  l p e a k T

さrs, venti■atols for the refdge tuおhel‐ang thも emゃrgolとy ユ19htilAg etuip四さnt are being
i n s t a ュユe d .                  

「                      !  ・   l                 i       1     1

3 ,  1lU M E R I C A L  S I M U L A T 1 0 N  O F !E M E ttC t ttt Y !O P E R A T 1 0 N                !                    i  t

3 .ユ  T h● p u rp O se o f s im u■a t i9 n  in  the em e rg e ,cy  ca se

■hさ 煮aエー●tsu  lu nnさ■ iS  e q u ip p e d  w i t h  a  ■9 n g i t u d i , a l  v●h t iユ早t iO n  S
i
y s l e m , w h i c h

lnl●ns ェt iiS Ve h t ila tc a  by  b l。市ing  a ir in  th e d ire c t io n  o f  t h e  t u n h e l  a x i s `  F O r th i s

re aso●, and  ニユso be Ca utte  lh e a ir i n the t , nne l h a s a  la rg● atto u ,と of  ine r t ia , it  iS no t

O a sy  to  re d dt e  it s v e 10 c it y  ln  a  s h o r t  t i‐m e r W h ic h  is  s t r o n g l y id e s ire d  in  ca se  o f  f i re .

M o re 6↓e r , in  th is e v e nt , ith e  t ra f f iさ f lo t  iS l ik0 1y  to  c h a n g e  v●ry  rap ic ュy , w h ic h  m a ke S

十l e s it u a t io h m b re ●O m pュ主む早te d , S O  th a t w e  c a n n O t  g u a F a n t e e  t o  g e t  f a v o d r a b ュe  C O n d iニ

t io n  ヽ 9 h l才 b y iSt op p i, 9  a l l t h e  v e n t i■ttt O r s .  T h e re fo rさ it―市a s  ie ce s s a ry  to  f ih d  o u t  s u―

ita b■e  eⅢe r g e nc y  v e n t il a t l
t
o n  nIO d e s fo r th e  a c t u a l  s y s t e m  t h r o u g h  ゃx e C u t i n g  n u m e r ュ●a ユ

s ittu la t io n s  u n d e r s e立さra l ia l t e rn a t iv e  m o d e s a n d  c o n s id e r in g  th e  re S u■t .  F O r th is  s im u =

■■t i。| ′ th e  h O S t
‐l ike l y  O F  tいや m o S t S。↓●re  c o n d it io n s  a r e  a s s Hm ed  fo F t r a f f i C r n a t u r a l

０８



w ind , smo ke  in te ns ity  e tc 1        1  ・

3 .2  S im ulat io n m00 e■S       I    ・     i

l   ェA cO n s t rut t i49  th● S in uュatb r ′ ェt is ne cゃssa ry  to  e xp rさss the ph e nom e n a  , y  a  S■■‐

p lif ttёd m a l eヽm a t ica l れ。de l′ 手ncェud ing it S in tr ins ic p rop e r t ie s .  H e re ′ w e w iュユ P Te se n t

thP aゃィ9d Yn ,Inic l Ⅲ,de l , || ,  FT
。le C lff!亭1

0n  ttOdや■, 4nd  th e  tra f f iC mod e l .   
‐

3 .2 `1 1T h● al士oa y,am ic 理。ge■                                                         !

A e r o d y n a m i c a ■1 才′ IⅢe ‐市h oユe l l ! n , | ユ ユS iC o n , ェd さr e d  t o  c o h s i S t iO f  t“r●e  S e c t i O n s , id i―

v i d e d  b y i t 、ゃ t W O  IV e r t i C 1 1 :S h a f t s ,  W e  3 F e  g o
l
n g  t 。 ●。中,

i n e i tⅢe  . q u a l ェ9 1
S  O f  m 9 1 i O n  t O r

each section under cOnditi。■s of cont ihu ity  for p ressu re and flow  rate ,  w e s■ppose

that the effect もf comoどPSs ibi■ity ●a, ,e nP91。●tedi W i'い。utt gisturb:ng ,he over‐Pll phe
―

nomen▲.  丁五us, the movelnent bf _ he a■r collunn in the tunnel sect ion ェ i亭 oescribed by

NewtOn is equaitiOn of m。こIo, a, ■f it I亭 ' S。lid bOdY・

〓ｄＶｒｉ〒
F ti

M
■

D c       i   D c

五
・T‐γ:哀ギ

(I = 1 , 2  or 3 )

8 2 c
D

恵 ■ l
i q

:官さ13i:t岳ょ|:::とと.8::暑ど:g;ltiも,1:i3:i3
i
::::き'13 ':i:!:吉::::

e:i:l]をi
gl:景雪;li:t

il::::||:予
n a t u r aユ w in d  a na  th e  re s is t a n C e  b y  f r ic t iO n .  F u l l e xp re s s ioボs  f o r i t h e S e  a r e  s h 9 w n  i n

the lま占t r色|す。rt i(ヽ ef. 2),  Nattr早ユ W ind ↓●ユ。とittt den9tes the lir f16w
―v●10C it y :=■官|,e

that there arさ no vehi●ユes and no Op●=▲tion pf
i↓●ntilato=占・  Eq。 (1 ) i亭

!
,。lVed ,u甲●ri

―

cally by transfb rmェn3 int6
‐dlff●=●。le lやquat ion w■th 10 scconds of time d iv is■o■古  T he

spatial ●。。rd inate is ta【en pOSltiVe toward north .

3 1 2 . 2   ■h e  d i f f u s ェo n  m o d e l  
‐o f  S m o k e   

~
F                   ‐        ‐        i

A l t h O u g h  s m o k e t u s u a ■l y  s tβy s  o n ュy  in l a r  t l ● c e i■i n g ―a r o u h a  t h e  f ュをゃ s。! r , ゃ 
―b e c ●u s e

O f  h e よt , 市ど u s e  a !
。, O  d in e n s i o n 1 l  m 。0 さ■ O f  ●O h ヤe c l iO n  3 , d  d i f f u s i。■

‐
f O r  主`市P ュI I I l y ,  |

T h e  le f t h a nO  s id e de Ao te s  teh p o ra■ ch anOe  Of ,mo ke  do n s iェy a t a  ce rto in p。ln l′ w 1 6te as

o n  th e  r ig h t h and  s id e , th e !fェrSt  te rm  co rrl sp ond s tも lo n v。と,Ib n ′ seと。id ite rtt tiO ‐o lffur

s io n  aha  th e  th ird  te rm  tO  gゃne rh t iO n .  , y  uS ihg  th i s  h o d e l , it  iS  S u p p O s e d  th a t  th e

re s u■ts o f th e  s im u la t iO n gェve w o r,e  s ltu a t iOn s be ca uoさ sm O ke  is trea tod  a s bさing m ixゃd

w ith in  ea ch  c ros s se c t iO n  e v e n  itt the  ↓ic in ity  of the  f ire p o i n t t  =声 O t h e r w 6 r d s , w e

ca n e xpe c t th a t th e  ro su lt S Of  s im u la t iO n tsh ow  th e sa fёr s ic e  t h rO u g h  th is  中o o e ■ f r。点

thさ v ie‐w  p o int O f be 主,0  こhe ■ate r il■ fO r ●On s ide ra t io n a nd d e c is ion .  c de not O s th e ab―

so■ut● c6 nc e i t ra t ion  O f sm O ke , w h ich  is  re l a tさd  t o  t h o  l 19 h t  trよn s m is s i v i t y  th r O u g h

■●●O th  l a s   
‐
                l               ti       ‐          .                     |

■ ||| 千古|
~'| ‐ _   | ‐ ‐ 1 ‐     碍)  ■

I i  tぃまl  s ⅢⅢ口■a t i o n , t h e  d i : f u 卓I ? l  t e r T  I 卓 r
e g ユe c t e d  b e c a u s e  i l  i s  t h O d 9 4 t  t O  b ● , Ina l l

さn O u g h  C O i p a lr e d  w l t l  t h ● ●。1立| , t i O A  t O r lnt  tti n c o  t h e r e  i S  n 。 ‐d i s t u r b a n C e  b y  v e h i c l e s  i n

t “e  r e g l o o  C 。, S i d e tte d :!  E q ,  (21) i S  S 。l V ゃO  a S  a  d i f f e r e n o こ e q t a t i o n  w i t h  t h e  ti rlP  S t e p

]it: 暑忌::3gi]::::告岳 :景]
t
:]を古

S
i岳:i?:。i31i: ::号 景号キi

t
魂モ舌i:[ ::

`
x `選古i

S
と:l告]:g:き8i:g

e a ch  o n e  ki Io h さte r in  bo th  o l re●t iO i  f r on  th e p o ュn 1 9 f f ire .        |

3 .2 .3  T h e  t Fまf f i c m O d e l :        |

t h e  t r a f f i c  m O d e l ‐
u S e d  i n  t h e  S i m u l a t i o n  O f  e m ゃr g ●n c y  s h o ‐u l d  s a t i S f y  s t c h  C O n d i T

l i O h S  ttS  h 早↓l i 9  ゃn b u g h  s t a b i ュェi Y  1 l g  : 。P
r O d u C t i V i t y , ia n d  a l s o  e x p r e s s  t h ゃ d e c e l e r a l

I 。
早

O r O C e S S  o f  a  t r 9 u p  O f  ●a r s  r ●▲亭。■a
,

ュ才・  F =
O m  t h i S  p o i n t  o f  v i e w , a  ■a C r o  点。β

●l  i s  u S さg

８



in this sim ulation , e=press ing cars as a Continuous d istribution in titte and  spとCe , in

w hich the dece le ration process is form ulated as approximate eq ui―dゃce■eration movement :

3 . 3  A s S u m e d  c o n d i t i o ■s  f o r  s i m u l a t i o n

3 . 3 .ユ  ■■t●n s i こy  c u r v e  o f  s m o k e  O ●n e r a t i o n

A C C O r d i n g  l o  t h e  m e a s u r e m e n t  o f  t h e  g e n e r a t i o n  p r o c e s s  o f  s
中
°k

' , C O  F
h d  N

? x  
b y it h e

exper■ment of burn■ng Passゃhge r cars and laroe
―S工zed busPS in a,  ac tua l s c a le t単nne l ,

i t  w a S  f O t n d  t h a t  t h e  q u a n t i t i e s  o f  C O  a n d  N O
x  

ttr e  rO
I予

t iV e l!y  s h a l■ , 9
‐t h a t i t l e

y  w o u ■o

n O t a f f e c t  t h e  r e f u g e  a c t i o n  d i r e c t .  T h e r e f o r e , w e  o n l Y  h a v e ito  c o p e  w it h  s m o k e .  w i t h

r e g a r d  t O  t h e  g e n e r a t i o n  i n t e n s i t y  o f  s m o k e , w h i c h  i s  t h e  p r o d u c t  9 f  V o ユu m e t r i c  g e n e F a
―

t io n a n d  i t s  c O n c e n t r a t i o n , w e  h a v e  , u p e r im p o s●d  v a r i o u s  e x p e r im ●n t a■ c u r v e s , a n d  e s t a―

b l is h e d  3  h y p 9 t h e t i , a l  C u r v e  a S  S h O w n  i n  F ig , 2  s o  t h a t  i t  c o rlt a i n s  a ユm 6 s t  a ■ユ o f  th e m .

3 . 3 . 2  T r a f f ic  f l o市 be f o r e  t h e  a c C id e n t  a n d  t h e  p o i n t s  w h ゃr e  c a r s  s t o p

w e  s l id e  t h e  d e s ■g n  v a l d e s  tiO  t h e  s t a t u s  O f  t r a f f i c  f ■o w  b e f o r e  t h e  a さc i d e n t ,

w h i ch  r●a d s

m a x im じh  t ra f f ic f lo w                 1 5 1 5 / h                    i

A Vゃr ag e  Sp e e d                        6 0  k中/ h

R a te  6 f d ie sttl e ng ih e d  vゃh i0 1e S     34 .2 を

占o u th /n o rl  ヽ fa c in g  t ra f f ic  ra t i0     60 岳 /  4 0を

C a r S ia Fさ a ,S u tte d  16  S tO p  in tl l● f。1■oすing  市占y

I ) A f te r th e  a c c id c n t , c a rs  a re  a c c un d l▲ted  a t  th ttt p o in t  fr o m  bo l h  d iF e c t io n s .

i I ) A f te r th e  ittfo IIna t io n  d isp l ay s  
"F IRE :  ST O P :" a re  l主。h te d , d a r s  rl n n i,g  to w a rd

fire Oo int are ac●um ulated al ■8 eme Fgency park areas and at the lntran Ce s oi  thゃ
t u n n e l .

I主主) Aユユ the cars mov ing further from  the fire pO int are not ●ontrolleo at all .

D ece le ra t io n p rOCe S s Oi  ca rS  is  , s s uCh i  a ca r be g ins brttk ing  2 15  sと●Oh d s  l a t e r th a n

th● la r s us t in  frOn t O f it ha争‐b●9 ,n  o r a k in g ′ th e y  s t O p  ftin▲ェl y  主ュ 10 m  p i t c h  ̀  T h e

rlat t。 ぉ6de l 市▲s so ●pp ro x im a tod  th e t F a rs red uCe  th●‐lr V●ユ。c ity  a S eq u il deとe■e ra t io n .

‐3 .ユ.3  T he p o in t b f f ire

W e a ssu me one o f the  fo■■ow ing  th re c  a s  th e  f ir e  p o in t r a t  e a c h _s●c t io n  O f  th e

tunne l

T ユ :  1 .■ km  f r o m  t h e  s o u t h  p o r t a l  ( i n
it h e  i s t  s e c t io n )

■2  :  M id d l e  p o l■t  O f  t h e  w い0 ■e  t‖n n , ユ 〔in  t h e  2 n d  s e t t io n )

T 3  :  1 . l  k m  n o r t h  f r o m  th e  2 n d  v e r t i C a ■ S h a f t  (i n  t h e  3 r d  s e c t i o n )      ‐

3 .3 .4  T im e  s e r i a l  p r o c e s s

T h e  o u t b r e a k  o f  f i r● Is  c h o s e n  a s  t h e  o r ■g ■n  o f  l ilne  c O o r d i n a l e , a ,  P C C i d e n t  h a p
―

p e n s  on e  m i n u t e  e a r ユi e r  t h a n  t h a t  (- l  m i n . ) .  o n  it h e  i n f o r m a t i o h  d i s p l a y s ,  
" F I R E :

S■O P !
" i S  ユig h te d  a t  ■■ m i n . .  I n  O t h e r w o r d s ′ a t  - 1  コi n . , a n  a C c i d e n t  h a p p e , S , C a r s

b e g in  t o  b e  a c c u m u l a t e d  a t  t h e  p o i n t .  A t  O m i早.′ f ■a lne  c o lne s  o u , , a n d  g e t c c t e d ib y  a

f ire  de te ct o r ′ v e n t ila to r op e ra t io n  is a u tO m a t ic a l l y  sw i tch e d  in to  e m er g e n●y  m o d e , a n d

th e  g e ne ra t io n  o f s mo ke  in c =e a S e s ,  A t + l  rli n .′ w a r n i n g  i s  d is p l a y e d  6 n  i n f o r コa t i o n

oo l Fd s r a nd  c a r s  s tO p  a t  th● e m e rge n c y  p▲r k a re a s  a n di th e  e n t ra n c e s  o f
・
thё tu n ne l‐.

3 .3 .5  N a tu ra l w ind   i                                               ~      ‐

B ec a u s,  t h e  V e lo c ity  o f a i r F lo w  is  mo re  d i f f i c u l t  t O : b● b r o u g h t  d o w n , ■2 .5  m / s

(こ。W O rd  no r th ) is  m■in l y  ta k e n ′‐in  th e d i re c t io n  t h a t c。ェnc id e s  w i t h  th e  d i r e c t io n  o f

the  ve n t i■a t io n  a ir f lo w .  H o w e V e r , a  lo こ o f c■se  st ud ie s  a re  a ■s o  p e r i o r m e d  f O r - 2 .5
m / s , + 4 m/ s a n d と4 m/ s .

A m O ng  th e  a bo ve  m e n t io ne d  ite m s , 3 .3 .2 a nd  3 .3 .4‐a re  a l s O  ■O d i f ie d  f O r  a  f t r t h e r

v a r ie ty  6 f s ih u la t iO n  ca s e s , b u t w e  a re  no t g o in g
i tO  m●, t iO n  t h e■ in  th e  p rゃs e n t p a p e r .

２８



3 .4  Em e rge n cY op e ra t io n m o d e o f ve n t iュat‐主o早

I B eC■use 6 f th e  ゃo中p le x■ly  ■h  S,●h  a  b ig  t u i n e l s y s t●m , i t  i s  a lm o s t  im p O s s ib le

t h a t  t h e  o p e r a t o r s  h a k e  d e t is io n  p ro p e rュy  o h  e a c h  v e n t i■■t O r s  in  c a s e  o f  f i r e .

■h e r e f O r O , it  isi oais i C a l■y  S u p p o s●s  th a t  V e n t i■a t io n  op e r a t io n  i s  a u t o m a t i c a ュユy

sw itched O ve r tO p re v io us■y spゃc if ies  emゃrge nCy mo d e w h e n  th e  f ire  is de te cted .

!K l  :  S hu td Ow h  o f a■■ the  ve n t ilato rs and  je t fa n,

T h is  is the op e Fa t io n  lo  早top  a■i the v e i t ila to rs and  je t  f
iまn s  e s  so O n  a S  a  f ire

brea k s o ut .  In  ca s● o= fa il uFe  in p Ow e r l ine , w e  a re  fo rced  とo choo se  th is m O d l .

T he W i,d  ve 10 C ity
「in  th l  tu n ne l dOe s no t a lw ay s be h av e  in  a  f a v o u ra b■● m a n n e r ■n

th is
‐
6p eどa tェo n o n  al Co un t o f t“, p is tOr  f。=。や b立 ●arsi ang  o f th● na lu ra l W ind t

i
K2 :  To b10W a lar9ゃlamoWnt iof ttir in the sections other thani at ithe fiFe p。ェnt

characteristicS 6f lon9■tud inaユ v●nti■ation of the tunnel is lurdさrstood in ahalogy

W ユt h  や1 0 C t r i c  c l r C u ■l  s h o W n  i n if i g , 3 .  R e s i s t a n c e  o f  P ■p e  f 1 0 W  a n d  e l e ゃt r o n i C  ir e ―

sistance , pressurさl d iffe rゃ'Oe  (Or O:iV ing fbrce in tern s 6f p rゃssure ) antt v。■tage ′

air f16w  rate and current correspond to each other t  But we have ,o pay atte nt ion

t O  t h e  S p e c i f i c  n O n l i n e a r  c h a r a c t e r l s t i c  t h a t  t h e  r e s i s t a n c e  i s  p r o p o r t i o n a l  t o

l    the sq ua Fe o f cu r re n t .  A C ,0 =早in。 |。 th i:S p rop e rty , if w● b lo w  a  l a rg e  am O u ttt O f

a■r fユOw  a t th e  se c t io n s o th e r th a n  th e  on e  i n cユus i n d  f ttr e  p o in t  tO  m a k e  r e s is- 1
‐ t a n c e  l占r g e r , t h e  e f f e l t  o f  c a r s  a n d  n a t u r a ■ ャi n d  C O u ユd  b e  r e d u C e d .  A S ‐a n  e x a m ■

p■e , when f ire occurs in ,le firSt Section , the a ir 
lis blow n into the tunne l

through the first VertiCal tthaft and driven loWards the north portal by means of

うet fans,

lK 3  :  A u t o m a t i c  c o n t r o l  b a s e d  u p o n lt r a f f i c  a n d  a i r  v e l o c i t Y  d a t a               
‐

T h is  is  th e  m o d e  to  co nt r o l  うe t  fa h s  b a se d  u p o n  d a t a  b o t h  f r oコ t r a f f i● c o u n t e r s

a nd  a ne m o m e t e r s  so  t h e t  a ユr  f 1 0 W  in  t h e  t u n nゃ■ c O m e S  t o  z e r o .  I n  t h i s  s t u d Y ′

v e r t ic a l sh a f t s a re  c ■o s e d , t re a ti n g  th e  tu n n e l a s  
いo ne  s h a f t ・・.

4 .  R E SU LT  AN D C ON S ID E R A T IO N                      I

4 .l  T h c  r0 1a t io n sh ip  b e tw e c n  re f口g e  sp e e d  a nd  slno ke  co n c e n t ra t iO n

・    A m o n g  p ro d uc t s , hゃa t , Sm 9 k● a n O
どh a z■rd O u S g a sゃs  th a t m e r g e  f T O m  f i r e  in  th e  t u n―

■さ1 ′ i t  is  sm o ke  th a t d i Fe c t l y  in h ib l t s  p e O p l e  f r O m  t a k in o  r e f u g e t  l t  is  s a id  t h a t

tn b Fm aユ w a l k in g  v e 10 C ity  w it hO 卓t  S■9 k。′ fo r ●x a IRpュ●lw h e n  go i ng  to  O f f ice  in  th e 市oをn lng ′

is  l ,O m / s to  2 .O m / s .  T h e re  is a n ot h●r rep o r t 9 n  th e  S tu d Y  O f  a  f i r e  c a s e  l n  u n g e r―

9 rOu■d  shopp i■g center that pe00 1e ●O u ld W a l k to re fdgё w ith  l :6 to l .8 m/ s eve n  in

smoke of O.6 1/m  lead by a nan fam iliar wェlh the bui■d ing .  In  th e p reSe nt stu6 y ′ re―
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to  the  fa c t  th a t  th e tt n ne l h a s ra tho r sim p le  s t rd ct u re and  th a t  th e em e rg e ncY  ユigh t ing

is ●xpe c ted o  M O re o ve r , w e  se t th e ta rge t th a t p eop lゃ do nO t e xp e r =e nce  ,h e  s m 9 ke  mp re‐

tha n O .4 1/m  un t I■ they  a r r iv e a t the co nne c t ing  tun ne■ w ith in  35 0m .

4 .2  S ih u l■t io n  O u tp u t and  it S in te rp rさ,a t io n

R es u lts O f ,um 6 r ica l s im u la t iOn s a re g rap h ic a l ly  P r in te d  o u t  t O  d is p l a y  th e  d i s―

t r ib , t io n ‐6 f smo ke  ■, t im e  ■ng  ttp ace ・  F 手0 . 4 show s how  it is d i s P ユo Yゃd ・  T h e  a x is 9 f

a bsc iSsa  de no to s th e  sp a t iaユ co o rd i■ale  X , ta (en  W i t h  th e  f i re  p o in t  a S  O r ig in .  O n e

d iv iS io n cO rre sp O nd s to  20 0m .  T h e ve rt lla l aX iS dottiw a rd  is tem po ra l coO rd :na te t w ith

i tヤ0 甲ュnu te s
・id iv is■p n .  T h e b rO ke n ユin e  d●n O te s  th e  bo u n d a ry  o f  sm o k o  co n c e n t r a t io n

o .01 1/m ′i w h e rさaS ch a ined  l ine  o .ュ ユ/m  and b■ac ( ■ine  o t4 1/品.  Th e  bO ld  ユinO  sh bw s the

p ro ce ss bf lhe  re f口ge  O f ■ p e rsO n w 1 9  W a s  a t  th e p o I, t  o f  f ir e ど  T h i s  l in● is d rattn

u nd e r th e とss um p t i6 i de sc r ibed  in  4 .■:  T さ ca n seや l h e  d e V e l o p m e ボt  o f  re f u g e  p r O C e s s

h 6市 lh e p e rSO ns l havie e xpe r ie nce d  lhe  Sm ? ke  unt il h e  a r r iv e S  a t  th e  c o l n e c t i n3  1 u n n e l

w h i●h  lo ca te s w ith in  35 0m t

A g a in , F io . 14  (ca se  l ) iS  thゃ ro s u li  fO i  th e  ca se  bf f ire  p O in t T ュ′ ,a t u ra■ w in d
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+ 2 .5 m / s  (t O W a r d  n o r t h ) a n d  t h e  o p e r a t i o n  m o d e  K l .  B e C a u s e  t h● f i r e  p O i n t  i S  v e r y  n e a r

t o  t h e  s o , t h  P O r t a l , Irlo s t  o f  t h e  C a r s  t o w a r d  s o u t h  s t O p  v e r y  s O O n  a t  t h e  e m e r g e n o y

p a r k 主, 9 亭, o■ ゼh e  o t h e r  h a n 6 ′ c a r s  t O w a r d  n o r t h  a r e  n o t  c o n t r o ■l e d .  T h u s  a  b i g  u n b a l T

a n c e  i n  t r a f f i c  f o r c e  o c c u r s t  A n d  n a t u r a l w i n d  a l s o  a c t s  i n  t h e  s aコe  d i r e c t i o n ′ w h i c h

r e s u l t s  i n  t h e  a i r  f■o w  v e 1 9 c i t y  ■n  t h e  t u n n e ■ n o t  sゃt t ユi n g  d o w n  i n  s e v e r a l  m i n u t e s ,

kee, Ing mo re  th a n 2 m/ s ,  w ith  re g a rd  to  sa fe ty ′ ho we ve r ′ the p e rso n a t th● o r ig i n  h a s

a lm o s t fin is he d  ta k ing  r e f u g e  o nユY  th r o u g h  sm o k e  le s s  th a ,  0 .ユ ユ/ m , w h ic h  co uユd  b e

うじ09ed  Sa fe .

F i9 . 5  (ca Se  2 ) is fo r f ire p o in t T 3′ na tu ra l w ing _ 2 .5 m / s a nd  th e  Op●ra t iO h mo de

Kユ.  In  th iS Ca se r the  p is to n  fO rc e  of ve h ic le s  and  th e  na tu ra l w ュnd  さffe c t bo th  in  the

,eg a t iVや d ire c t io n , w h iCh  Ca u se s  thや re ve rsa l o f th e w ind  d ire c t io n  soo n  a f te r the  ou t―

bre a K o f f ire ,  T he re fo re ′ ェt is  no t da nge ro uS  fO r th● peo p le w h o  h av e  bee n  in  no r th e rn

S id e  (rig h t h and  s id e  in  th● f i9 ure )′ bu t ra th e r th e re a r ise s p o s s ib il ity  th a t  the  p eoこ

p lさ 。, th e o thさr s iβe a re e Xp O se d  tO  d a n g e r ,  o n e  o f  th e  tw O  b。ld  ■ine s  in  th e  l e f t
S i d e , S h O W S  t h e  p r o c e s s  O f  r e f u g e  w h O n  t h e  p e F s o n  s t a r t S  a t  t h e  t i m e  o f  o u t b r e a k  o f

f ttr e , t h e  o t h e ,  ■S  t h e  6 n e  w h e n  h e  s t a r t S  ■f t e r  h e  h a S  e X p e r i e n c e d  o . o l  1 / m  s h O k e .

Proln th is r●sult′ we may draw lw o im pOrtant conclusiOn s :  a) it is ie、tr etteユy ■mporta■t
to transmit informatioh in thc ea rユiest time and le t theⅢ start ire fu g● ac t io n i  o )‐ it
■s favourable to avo■d the reversal of a■r flow direction .              ‐

I n  t h e  f o ユユo w i n g  t w o  f i g u r e s , F i g . 6  (c a s e  3 ) a n d  F i 9 . 7  (c a s e  4 ) , w e  c a n  s e e  v e r y

c l e a r l y  h o w  t h e  p h e n o m e n a  d O p ●n d  u p o n  n a t u r a ■ w i n d ,  T h e s e  a r e  b O こh  f o r  T 2  a n d  K ■, t h e

o n ly d if fe re nce  is na tu ra■ w ind ′ +4 m / s and - 4 m / s .  A s 4 ‐m/ s iS a p re tty  b Iじ V a lu●′ we
too k it as an e x trem e e xam p le .  I n F Ig . 6 , the  a ir fユow  co n t inH e s  in  po s it iv e d ire c t io n
und e r + 4 m/ s na tu ra l w ind ′ w he re a s  it tu rn s i,とo opp O S ite d ire c l io n  in  th e  c a F■y  t im e
u nde r -4 m/ s .

T he ca se s fo r op e ra t io n  K 2 and  f ire p o in t T 2 , a re  shO w n  i n  th e  ne x t  tw o  fェ9 u re s ′
■n w h ich  th e f irs t and  th e  th ird  se c t io n  a re  th e  tube s  fO r h ig h  s p e e g  fユo w .  A ユth O u g h
F i9 . 8  (ca se  5 ) ShOw S a  ve ry  go od  re d uc t io n o f a ir sp ced  und e r t h e  n a t u r a l w in d  o f  + 4
m / S , ■n F 19 . 9 the  re ve rsa l o f flow  d ire c t iO n o ccu rs ea r■y  und●r th e  na tur aュ w ind o f と4
m/ S , w h iCh  is ra th e r un favo u ra b■e .  T he la tte r is  m a in l y  c a u s e d  b y  th O  fa c t  t h a t  th e

p is ton  fo rce  by ca rs ac ts  in  th e  ne 9 a t iv e  o i r e c t io n  t o g e t h e r w 工th  th e  n a t u ra ユ w in d .
B u t in v iew  o f o ve r■1■ pe rfO rm a n ce , th e op e ra t io n mo de  K2 re s ul t s  in  lo w e r ab so l ute  va―

ユues of th e a ir f low  v●19 C ity  com p a reo w ith K l mo de ′ as ls sh ow n  in F ig . 12 .
O n  th e as suttp t iO n  th a t th e  tra ff ic and  th e a ir f low  ve lo c i t y  in  th e  t u , n e l  C O u l d

be m oasu red , the op e ra t io n  is p e rf o rm ed w ith a u tom a t ic co n t ro l o f je t fan s , b a s e d  ,p o n
the se da ta .  F ig . lo  (ca se  7 ) a nd  F ig : 11  (ca se 8 ) a re  thさ re su i t s fo r th eS e ic a SゃS  (K 3
o pe ra t io n ) .  T he fo rm e r is und e r th e  n a t u r a l w in d  o f i■4 m / s , o n  t h e  o t h e r h a n d ′ th e
la tte = is und e r -4 m / s .  I n  b O t h  c a s●s , th l  t in d  v e ュ。c i t y  iS  S u p o r e s S e d  tO  a  s h a lユ
va lue w ith in th ree m inu te s , w hェch  c re a te s su itab le  c irc um sta n ce s fo r re fuge  a c t io n .  Ih
the se case s , w ` p u t a  se ve re  re s t rェct io n  th a i je t fan s ica n■6 t  be  re ve rse■y .d r ive n  un t iI
the y stopi in 9o ‐se cO hd s ,  w e  co n f irm  the h ig h q ua l i ty  in  p e r f o r m a n c e  o f  o p e r a t io n  K 3
a lSO  in  F ig . 1 2 .

5 .  C O N C L U S I O N          
~

T h O  a u t h o r s  h a v e  p e r f o r m e d  a  s e r ■e s  o f  c O m p u t e r  s ■m u l a t i O n  f o r  t h e  b e h a v ■o u r  o f

s m o k e  i n  t h e  K a n―e t s u  t u n n e l  i n  c a s e  o f  f i r e  c a u s ゃd  b y  a n  a c c i d e n t ,  o n e  d i m e n s ttO n a ュ

c o n v e c t i o n  m o d e l  i S  u s e d  i n  t h i s  a n a ■y s i s .  u n d e r  t h e  a s s u m e d  c o n d i t io A s  w h i c h  c o u l d  b e

c l o s e  t o  r e a l i t y ′ t h e  d e p e n d e n c e  o f  t h e  o i r c u n s t a n c e s  i n  t h e  t u ttn e l  u p o ■ t h e  p i s t o n  e f―

f O c t  o f  v e h i c ■e s  a n d  t h e  n a t u r a ユ w ■n d  i s  s t u d i e d  u n d e r  f 。1 l o w ェn g  t h r e e  m o d e s  o f  e m e r ―

g e n c y  O p e r a t i 9 n  p f  V e n t i l a t i o n .

IK l  :  S h u td o w n  6 f  a■l th e  v e n t il a tO r s  a n g  ョe t  fa , s

K 2 :  T O  b lo w  a  la rg e a m o u n t o f a ir in  th e  se c t io n s o th e r th a n  a t t h e  f i re p o in t
K 3  :  A u t Om a t ic  co n t r oユ b a tte d  up o n  t ra f f ic  a n d  a i r ve 19‐c ity  d a ta

Sヽ  i S  S e e n  i n  tゎe  t y P i c a l  e X a m p l e s  o i S C u s s e d  i n  s e c t i o n  4 ′ t h e  o p e r a t i o n  K l  t o  s t o p  a l ■

t h ゃ v e n t i l a t o r s  i s  n o t  d e S ■r a b l e  e n o tlg h  u n d o r  s o m e  c o n d i t i o n s  o f  c a r s  a n d  n a t u r a ユ w i n d .
I Inp r o v e d  o p e r a t l o h  m o d e s  K 2  a n d  k 3  a r e  t h e r e f o r e  p r o p o s ●d r a n d  a r e  c o n f i r m ●d  f o r  b e t t e r

p e r fo rlna nce .  A m o ng  th●高, th e m O de  o f fee s ba c k co n t=o l to a ir f l o w  v e l o c i t y  w i th  th e
a id o f tra ff ic da tよ (op e Fa t iもn K 3 ) w b rked o t t e x trem e ly  e xce l le n t a, d  s ta b le  e ve n unde r
a va rie ty  o f se ve re r co ns it io n s .    _
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In the acttal tunnel′ the equュpments are be■ng ■AStalled sO t“at a■ユ
ー th ree cPゃra■

t ion medes Kl′ K2 ●nd K3 ‐arゃ posS ibl●.  A■thOぃOh we lln  at the realization of 【3 operar

tion on the One hand ′ the  s im p l●I mod●s K 2 and lKl a re  co n s id●reS  as bac kups on  the

other hand .

I n it ra n s fe r r ing  th e  o p e r a t io n  m o d●s c t it iv a t ed  a n d  v e r i f ie d  th r O u g h  nu m e r ic■l s im―

u l a t io n  in t 9  t h e ia c t u a■ sy‐S te m , ,hやど。 IS  , O  d O u b t  t h a t  a  ttid e  r a n g e  6 f  o o n f i r tta t i。高si

a ndi t e s t s la re  ne e c e d ,  S olne  o f lh e tt Sh O u■d  b●le xe o u te o  o n  th c  SP o t ・

A C KNOW LE DG EM EN T                                   
‐

T h i s  P a p ●r  i s  b a , e d  o 早 t h e  r e s e a r f h  l o r k  m a d e  b y  t h e  c o m m i t t e e  f O r  t h e  s t u d y  o n

t h e  v e n t 主l a t l o n  o f  t h e  K a n ―e t s u  t u n n e ユ o 古g a n i z e d  b y  t阜● E X p r e S S w a v  R e s e a r C h  F O u n d a t i o n

b f  J a p a n  tK O S o k u  っo とo  C h O S a 【I I ) ・ 1 11 h e  a u t h io r s  a c k n o w i e C g e  t h e  F o u ttd a t 主o h  a n d  t h e

m e n b e r s  o f  t h e  c o m m i t t e ゃ.  T h ●y  a l s o  W i 呈,  こP 
ia
, 単n o W I I l g e  J , p a tt H

1 0
h w a y  P llb l i c  c o r , o r a ―

t i O h  (N i h O n  D ●1 0  K O d a n ) ′ t h e  o r d ゃr e r io f  t h e ‐r O s e a r c h ′ f O r  i t s  p ●I Ini s s i o n ‐o f  t h i S  p u b l i―

c a t i o n .                                      
‐

R E F E R E N C E S

■.  H i r a k a w a E 。 さA d  K O h n o K . , 
"O u tユI ,e 16 f K a n二e t s u  T d 五n e l  C o n s t r u c t i o n "

, C i v i ユ F n―

g ine e riふo  ln 」ap an , V 9 1 : 19 ' 198 0 , pつ: ■91- 114 .

2 .  O h a s h i , H tt  M i z u n o , A : , N a k a h O r ェ I t a n d  u e k I , M : ′ 
"
A  N e w

th● k a n‐e t s u R o a d  T u n ne l " ′ P r o c . 4 t h  l n te rn a t io n a l  s y ttp o s ■u m

v e n t il a t io占 o f v e h ic l● T S n n e l S  (Y O r k , 3 .K . , M a r , 2 3 - 2 5 ′ 1 9 8 2 )

F l u id  E ng in e e r i●g ′ 1 9 8 2 , p p . 3 1 - 4 7 .

v e i t i l a t i o n  M e t h O d  f b r‐

Oh  thl A e r9d yham ics aⅢd

, c r a n f i e l d ′ u  i lK : ′ B H R A

西



295 m
3
/5 28るmP/s

195 志
3
/占 160 m

3
/s

N ec eSSary v entュエatiOn a4d
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'
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135 志3/s

3b5 m
3
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