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Studies on Ventilation of Vehicular Tunnels

by Dr. Shiro Ibukiyama,
Dr. Toru Konda

Synopsis :

Model tests and field measurements practised so far to establish the most reasonable proce-
dure for planning and design of ventilation of vehicular tunnels are shown in this paper.

It was revealed that visibility had been lowered to the intolerable level by smog, before the
density of toxic gases reached to the allowable limits in the tunnel atomosphere. The new formula
is given for required air volume of ventilation of tunnels based on the phenomenon.

Natural ventilation caused by one way traffic was analayzed. And the criteria of selection for
natural or mechanical ventilation is given. Hydrodynamic losses are obtained in each type of ven-
tilation systems. Moreover, experimental studies for effective use of the systems to fires are per-
formed and their influences to environments are also examined.
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Flow and Deposit Properties of Debris flow

by Hiroshi Ikeya
Dr. Takahisa Mizuyama

Synopsis :
Many mudflows and debris flows occur due to snow melt or heavy rainfall every year. Many
lives and much properties have been lost by them. In order to prevent and reduce these disasters,
Ministry of Construction is about to designate the places where occurrence of debris flow can be
anticipated and to take countermeasures against it. In this paper fruitful results obtained from the
- study on flowing and depositing characteristics of debris flow are reported to give useful informa-
tion for the sabo works. Hydraulic and soil mechanic conditions are made clear by analyzing data
of debris flows occurred actually. Based on them some experiments are carried out to get inform-
ation on flowing and depositing characteristics.
Key words : Debris flow, Mud flow, Alluvial Fan, Side step phenomenom, Follow-up flow
(wake), Hazard zone.
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5.06mmDEATIE(B) TH 5, fakiX 1, 2,3, 58/sec &
L, KB, 1,8008 %A% X5 C#HAKEEZIEL
oo 15° BB X b Lo 2 E#91950 ¢H 3 DT, BE
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MATERIAL (B) (1%/sec,8min. )

(2 ¥sec,15nin.)

(4.6 ¥/sec,6min.
s

T

INITIAL BED

MATERTAL (A) (5.0¥/sec,6min, )
(2.9)/sec,9min,)
(1.04/sec,30min.)

(2k/sec,15min
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4.6 £ /sec, 6min.,
i i 11 -
0 1 2 5 4 3 1 3 1 0 "
0 0 1 1 5 1 3 2 2 1 0 i
0 4 1 3 1 0 0 0 0 0 O ¥
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TAMICE 2R BEEWIET2HEE LT, Eroth
PIASRIP R BER S h, HERYIC 2 DRIRIRGET &
nzz)zs)u), ﬁﬁﬁm%ﬁ%ﬂ’mﬁﬁiéno o5H B, CTT
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Bl 2By v v L & LARBOME ~ OBEOBELRS
Y¥BEI VR b0 TH D, COERTIHEAE
DR R T PRI IR IFE L < & o 7o
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]

0.2' \\
0.14- \\ N

0.14 \ \‘ .
0.07 \ —_—hEs
00¢] \ ‘\(‘Ezk@ —-eee il IR
0.0 \ o
0.03 “ =R Pass ﬁ- S

—RE N
SR
0 x
0 500 700 L0 2000 3000 5000 m N HRERE
X-2.24 BRRAFEE LT O OFERE : OB
=R reeveenens (2.19) RIRAT3HIck by (2.23) KeBLN 5,
tan (F—1v) - . L=7.73+ T « VAB=10IV2B «ovvereenne (2, 23)

THB0b (2.14) Ric (2.18) Re (2.19) XKERA

F3crickh, (2.20) X»EBoLND,
= Vszls 2 IIS ---------
BT {tan(G—'r)} 2.20)
Llks»b (2.13)XiE
_Yspitan(@—9) | Vs2B 2 s
L=> 2sn10° I~ {tan(ﬁ—y)}
TREND,
tang KONV Tl, FBYICK->T
N il ) L OO
R DI (2.22)

CRENLGEND, T (2.22) Rice=35° Cx=0.6,
0=2.5, p=1.5%2RATB L v=11° %3, Thabb
tan(g—7) B THOFHEEE 0=15° L Thi,
(6—7) =tand®=0.07& % %, %7z, 7,=2 0t/m3 (P&
ExiiRcEd 2EE KE) o=5.0 (LARFEFD
P EcoEZRORKIHE, BB L CREEEIcs

tan

cze, LAfEES X EHRC ERERA-355EE
Btde, ZLHL L COEERBETSE S, £CC]T
%V, LFULREFRORTE, (2.23) KL, (2.29)
ReAd,
L=10I2BV2B8 e
Thbb :
logL=0.67 log(VyxI)+1.00 -+ (2.28)’
TnEhd,
RicEEFEILFROTHE AR ICO W TR L T4
%, [@-2.23 1, DEBCHT 3 LAHFEEMOBE
Bcd s, Mickk, FRICEORT 3 K, BESAC8°
FIUA4° DREEIRL %o RIKOHMTE XRREE & I
BE: OBRCERHEIN G N, ARVORELPNEED
DT b Z~=RBCORKAR & HEE L OBk EHE
HCd s FRHEIC B wTE & A E—Rofgkiifsic
REDLEL DN, % ORI & CBRIKAR &
BELOMBRPEBREL 20 E-2.24 TH 3,
Eb&ZEFADOBALUTOL S KEDbEN S,

wT, =335 3), BLUsinl10°=0.173 % (2.21) —RE (bEE) I=0.0352—3.10--- 2.24)
2.2 =FAREC X 3 HEIKEAOTHBAE =04 (hER)
I,=0.162—1.12:--- (2. 25)
ot L X241 B5 om o (2
B ®wE | RRER | LEROLRE ) & k% W R gl SRE (M - #2)
Iy=0.432—2.79--- 2. 26)
e/ 0. 1km? 5,000 m3 177 m 5.1° =RE (ﬁ%)
=®x#A | 0.4km? 20,000 m? 317 m 8.5(4.5°) %3 =0, 362—1. 50+ (2. 27)
ZRA 1. 5km? 75,000 m? 552 m 5.4 %3 7o & 5 R 8° & (R B
%1 5‘ 0000 ms/kmz b3 LT{E% L, %—2. 24 i))b 8° (0 14) o)ﬁh}ﬁ@
% 2 FFHVHAEE 6=15° & LCEHE zfH (zge, UEI D 8° 2% 3 ECD
%3 T, BEHXoMmET PEE) KD B, RCIBHELHET
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km?

10

#
1
®
o [ ]
05+ s
# °
[ J
034
0.2+
o [T
011 _ 1
S=gqooe K
2 WS TRES
0.05-+ / nTB5RE—
TmHtAR 14
0031
0124 8

1 2 3 2
F 4
E-2.25 PEBCEY 3BREE
HR R OBR

SEAEL bRD b e LRFUSILHRE L 25K % 20
+L &2 5IE» b OEGERZARICRAT 2 & LR
MR COTHBAE KD LR 5,

PlLEDOFHTEFAMICKSD 2 L RHEHBEAKRA DT
M T2, 20CR L 7o '

AP, =FAFMLCRWBRE E FURER & OBR

1 Morisawal¥ m 2 Fi/ NG EOER %+ 4 CTiH Mo
IO5CRELADDTH 2 (M-25218),
W2 24 RU K220, LEHOLHRSES G &%
IEHTRESEL 2 Y, 2RETEARA 2 cHEF%
HTT B EBHALITH D e ROTECEhT
B — B ~4° AT IR T 5 C 2 b X <
SHCE %,

FEIRO & 51, BH514E9 AMBECREL 2R/
REICEY, AR O EFEEHER, FAEROLBER
Vs TR -COFEHFHRANE tand, IC X - C,
log L=0. 42 log (Vs x tand,) + 0. 935
EBHEINTVE, CHOERE-2THbdbr3 L5
PRECOLAREHEORAETH 3,
(2.0 R (23R, ~<FBEHHIT0% OHFE L
ZoTWn3, TADLLERERECONITEREELT
(C.23) KOWHEBEE D52 L RXELOLNDEH, B
Bicik, LARATECO i —iBReEnEbeE
ABbe3E (2.4) R BEEHEEWEEL 3,
LaL, B-2171Ch 3 k5 ceE0LAF clRe+

8-2.3 *TAFEOX4 T XOBE

B % % Bt SRV, Vy/Ux
=S BRI B FLS:m/s 11.9
” » 13.6 1.1

” » 7.8 7.4

” » 10.0 8.8

+ o 2 B8 » 10,1 13.1
” » 185 17.7

» 14.8 16.7

” 14,7 19.2
BEE Lo~ SR | WE 3.4 1.5
” 7 6.8 3.3

7 5.9 2.1

” v 3.4 L5

+ B £ B 7 0.27 0.7
” 137 1.3

7 0.14 0.4

7 0.10 0.4

{

tamm—n

’%\&ﬁmm\

F-2.26 Side Step XX

(44)



132 + K B % B O® &

3 L FIEHREEOMB0%IE, REMcd Y, KhiKtA
HERRBZHRET 2RICGARAERZAERERE LT
BETICEHEELDLOND, & CchAROEILERIC
BT 2 BHR TR BT DOWT, KLOBH5I4E9 A
PEEICET 5 LAFERY TR CEEREL 2R,
PEERECREEEMATEE L 2K4B L BH 2 —
YREREE—ELRETCE LT LD, BEROEERRE
—RELTHB LEELHEcEET3ETFLLTC LA
PO OS & L CoMBEEREL bk,
BICHEIIC ST 2B, MTFLCE AR
LCTH23 A & 2AEHRO T IREFLEE L i L
b0 —HIIRERIC DD K BT R BRSO B IC L
L TR AD, BERRRRBEARRE NI whY
ZEESBCEAMODEH LMY 5 ¢ L XELbh
B0 kb AEFE-2.30X 5 KR X 4 T OLAER TR
Vi/uy BEESUTELCEEI RS,

%— =5 - (2. 28)

L, B =a— b viitke L T R cHep
T3 eELNE u/ux=15 KEARE) ¢ b, BH
Y O®RSERICE W FRROHEABHII hTREC &
2o EAMSHETCAS hYW IFETEE Y olick

WCHHRORIA R BRI R LRF O & 8L

TREHENE
HRE20m

TARIEHENES
FEi4m
Fi)2m

THREBHFEEAY

LEHE

Rt

BRI

-2.27 ZNMEXR

o I TWlE
zmi@
N\ \—6 Eual:20~300 m
- m%&fﬂ%‘?

TeKofinsxtECsc rdtoELbh 3, BEES
DX 5 ERHAOHEINRAWEOHO A& & ol kA
KBATEAROELE (F2rKIEE2:ES5E TR A
o LA CORETRAKARE LFR) ko T
L 25 A OB AR 2 Bl T35, okl
DF D 3ES% Side Step HEW & ML (-2, 26)
z o Side Step H&uc X b HHEFO o i £ A5

/j;ilﬂﬁﬁﬁ9

THIREDOHRE %o 12,

®-2.28 BAENZER

TRDE
10°
T =74 e
AR W SAVM
o | WAZL
i 'm,gf "l <o LR
eo {Fnn?
"Q‘g..« ",\
VY mmsh

[-2.29 REHEI
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DO ER E Ao T3 KOBREARTH L A b5
Lkt 3, Tab B Side Step BGLHRD
21k, HRcEEABRE S 2BELETH 5, HLoEi
FH a0 Side Step Model & PES,

(6] Side Step R DTRFFILHIERNORED
B’E

(1) IEETEBFHEECET R

BEFI514E 9 B/AERICREL 22 BEHO 5 b LA
XA TEIEL 2B %D Z S Flic >\ THEO RN % F8%E
L7z,

@ MEANZNENEXE (5-2.27)

AR EERERA 87327
TAFUEIEHERRGSR 47057
i3 g 2, 800m3

B4 | FRHEAO SR K L Ol A FE 3T
RENTni,

BEEREFENAE—HHETL T3,

EligoFlixEBEAN, CEELBE, 2 700m3) ¥
NWTHEBTAZET L 22 AR OB cksEL T
b,

® Aol (BE-2.1)

A bR A 8°087

LERAIERREA 7°

HHE R 1, 750m3

TAEFEERROER (Ef=25m) K (I§L5
m, ZEX0.8m) 7% ERIC WRRA T LA EE
HELTw3,

® WENIXR (K2 28)

TARHEEROFAKAE  15°~9°

R " 5,400m3

FHEOMMR ) OBk Yy, TAMAFEEL TEIE,
LT3, :

@ K (F-2.29)

LAAEIERROFIKAE  10°

W MR 1, 000m3

SR Lo s B T RE AR S A B A FHE R B O T
WEHAOEBL 7 mH21D 5,

Pl oSy BEL <45 L, MEEBELREOEHSE,
BERH & b ERAND, FURER, MUE HBS, HRo
SHFECILTRY, IAHBPEEFARTHEELA
MoOFN & L TRERBTHELCE 2 L Z2 b5,
ERRICX10°THEIEL 2813 BhiF4° R TL 2 813
H3 L5 CHBAKERD Y, Thbo{ECEHRRE
EROTERNHRCHAT 20 BFA L,

220, TRAEHEOBOHCHEBEL C<H 3
&,

R

133
(1) BROEcHRHCHSZBOMBIFEL T

%o —Type 1
(i) FRMFCREENICI ATRBRELEL CTw»
%o ——Type 2
i
4001 (m)
Le
] 50%nE
3ot / S B%atn
/ .
/ |
o/ O
/ )
2004+ / )
.; 0 L #
/ O’ e O Type1
- S e D Type2
100 é)’ @& Type 3
a,.’ ' Type 4
Type 4
;I’ . (stl/{)
o 1 1 -
100 200 300 L,
%= @ {E (m)
$-2.30 Type BIEHE
&
B
S
A
10¢
0
54
]
di K
®
44 o0
U
2l @ ¢
" .
g’% Side
p Step
Bl-2.31 Side Step B & LBEHO DL
& DRSR

(46)
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(i) FEE&FL LR, HEBMECRMEAEE
LTwnw3, ——Type 3
iv) vhYIFREBEEL TRD,

Type 4
th D, MEEDLTH % Lo HCHU TR D TH 5
&,

Type 1 5§
Type 2 34
Type 3 45y
Type 4 5 &
thoTn3,

Zz ¢ Side Step Model #5gfAc& % @ X Type4
DEEC, Type2 BHKI;EZ LA BEcERH &
FICEKREZD 2T &b fEic k> Tk Type2 $EH
TBEL & %, Type2 OBFICIEE T /MR £ OF

[-2.32

KBk

B LToBEY A T, Thb bR BOR
R (BAEE) Kk-TtRAD,

—7%, Typel @R Side Step BELThv», Tk
bbb, BELYENELoEC hic WikigicS B Type T
H5mb (2.4) XeEibh 3 EILEERE O HEED
ML TERIL 2% b > T3 2 Bbh 3 3,
Typed % Type2® 5, Side Step HEDHLIE S
DEH A VEEME L b EREPE A3, M-2.30 1
PMNEBOLTAFOELEHECOWTEHHME & £ H{#E
2HERL L 0C®, Typel DFhsdi < Type3 « 4
&, B&AEEREPFHEBEOOBEE E RoTR2,

Type2 C3=F0 k5 Khk b FETHILCHE
FEEZL LT3 58 REHHEECT L CEE P
FThEKREW, Thhb Side Step B LT 3 #ifE
CRIFHROHEHDOBIE (2.4) RCHEI N BELD

WE

R-2.4 EREE: BN

SR BT -FE® HR017.8°, £32.0m, FETZ VA IE20cm
R B&l4m, FIEBHE @720
i 7 21/sec
£t R 0. 028m3*
EBRAE
He b | b ok R | SZBEIE
Case 1 7°, 20cm “RITAKE 5.10. 308 7

” 2 4° ” 4 7

” 3 7° Bk ” 7

” 4 7°, FRHIPAY 10cm KB ” 5

* AR Y - C, BEILALHE (&1AHR) #8A3
T=30BpD & %t 0.028m® ©H 34%, T=108Cik#y0.022 m?, 58-Cix
0.014 m® (RRROPSH) ABBLBDE A>T d,
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100
90
. 80— dmax=18mm
704 dm =9.49mm
7 60
7‘%1_
g} 50
(95 407
30
20
10
U TTTUIT 1 T T T TTTTT i [}
05 1.0 50 100 50.0
$1#% (mm)
®-2.33 SEERRERA ORI
CASE-1 CASE-2 CASE-3 CASE-
en B cm l/
0 0
10
20
30
40
50
60
70
80
90 = 30
100 3] ol % 51030 100 30
s 10 == == lkE M (sec) =110 5[==5 30
110 30 30 L1504 10|
120 el LER
sec | —
iig +7b 0 10 20 30 40 180 0 B
( biiters ) | = s = ] 140 | (<3 nme)
. gﬁ}{ cm
-2.34 SZERKER
R o# M
+8 .. A
....... Saaw A0
- ¥ 1/4
<71 1/2sechr CAHEA 3% |1/2seclrTarit
< i g nlseed ——— iz % B
% BRCIT MR % lmixzc

) SE£IC Side step

Case 7-2

s aL ;Cab#(l/z 2hb) L
FITE sec AW
2 kBRI \
:g kT3 5

oaor | LEPS AT
OREEITC
#IT e

L" EOH (»ev)

10

E-2.35 SR X3AEMOLDEKDOBIE

(48)
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PhEYMEL RS, Thbb, Side Step HEDEL S
HeoEbEHEO TRk (2.4) Rekib i O
EXBEER S,

OB L crgkmstoc, TAafilist
WHFES SR Side Step 24U 2 HTE O FHARIR
URKEL ARBEEL, PEEORFCREL 0XRK
-2.31TH 3,

EHE L LCRABoRERELWEEL L 50 KL
Side Step 2L T3 EETH MHEBENRD DR EHR
#EmA TR AT hEHNE{ 230 RI2IRE
DOFICHHATETH B,

(2) ZKESERK X 285G

S EFH RO MM S & SRR L O
FBEHET 3 ~LK, LAHEFHROKSEHTERE
BChR o7, [#HKKE Casel « 21DV THX-2. 32
IRt dDT, Case3d » 4 BHEREBOAEE 7°, IR

(20cm) o 445 (80cm) DOHFEZEHET 3, b3
BRI 2188 L 22 KB E v o

FEEETT, B I UMHAMEE F£-2.4, [-2.330FD
TH5,

i€ RO E Lic3smme—2—F2 [ 7 2
7, (72790 IV, HFHOE (T2 00
W ic8mm i AF%EEL, ThbD7 4 LLIF
Vids b LEMOME, BE, FFBRE XU, #ERRE
PHEL %o

¥ e R BRI TH 10cm £ » 7 ORENTRILR
EE5cm L REEAT & CHRBEHAE: ikl
TR %o

SEERFER T -2, 34 IR L 7z,

EBERN D, BRROMSIRE (BT kB AR
) ARAUCHhIE=RIEABEOLEE (Side Step #H
¥rvgE) KBEHEO STk e oAREERA L
BERCELESEREL L 2,

—7J5, Side Step Db i3 FHRHIIECRREBEIOR
fEiefE i BItR % K SRl 0T CRFILERENXIZIER T
THoio B-2.35 CEWDOKE LBOHERBCcoT %
KOWCTHERBIZ L CRL 2o

FrRHIC/D X WL 2D » 23S (Cased) i,
HTT2F-AKGOLRI X b ik B2 L BET 354
HTE, 2OLERHDLE LT Side ~0Lib# L UKD
BEEE 5, 200 MBEE KX 3RS E
thd, ThHbL, BREANCESZE RTF3LA
FRICHLT) 25 35HA D L RAEEFE -l A
EIEE2HET s cRERA TR ES (BT e
=30sec) ICIkERPEKE DFEENRLTD S HENWCE
fELic wie®, (2.4) Rick JHICE » FILERE
T, BEMORINRHAE- &, HETcEpe

1) BOHLIMECHEAAMERDD. &
OMF=RAF—RELRA D, LAH
FRETHT LTV 3,

(2) BEH» L 150m RS fika
Side Step 3 ((1) X b 10pp%)

(3) BEmoRnhEzERc LREBERGC.
EFLIELHTwS ((2) X b 108bER)
[-23.6 BHaBRERIcEHT 3 Side Step B

KODWEHIETL, 2hrinzo ¥, LAEKOEILEREIC
DENL D, FEEER] t=5sec, t=10sec O B L IC
B, (2.4 RCX2HHFEMELVE EXERELLT
AE N WHIBRMBOKEICD k225, HERES
B REEIEREE: FIC L HETE 3,

—7, Side Step #EUTw3 Case3 Cid EEIER
t=10sec, 30sec DELAITIEF LEIEHREE € RL, =
5sec DPFDOHFETEHEILEREERLCn3,

Casel LItHid 3 &, 2= 5sec CRXMF LR

eLToENEL, EROHIELD 12T 2 HIRcH#ific

k3R A LIRS, t=10sec ® 30sec & A& % & Side
Step & U7 HiTE1X Case 1 0 X 5 WEWZALoL AW

(49)
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5205

S IR205
B s

FHEWY 75

7N

i
&z 1/ 6sec

- 1s€C
........ 10 or30sec
am—— 60 0r 120seC

- B

(€-2.37 BHERERCED 5 LEREROBOMBENEL
TR OB

HIIc R TR ERE R & 2 D HE R 4 2F
F 2R ERL T B, Cased FRTD T & S/MFLEED
DESIC L » TERCEH, BICEFKRAR, HBOR
%X, BIrURELEERORICY > TED S, SEDER
oiF Case3 AL L 5 ABAEZR L o ThbHKE
EERACBWTH, KK & R CE, 1R
AR, HHESOWMSEICRE AE LS 2HMNTE,
[2)CHEL e AR O B cBERT s BEFRLA
HoOLBE, HTFRaiior»c, taAfofihe LT
T b b, BEROM TR & kR E S X R
BoERECEIRL T3 C L BRERE W, ¥,
D EoFERREIAROBMBEHMERCE TR
ro BLMMESRSEER X HEASE) KBS O EH ST T IR
AT ZBEER, BA, GA»LoLAERESEEFT
MBLES LT3 EAGMETRECE T 3 ERITH
D, FER Ye OBMBIEI VR L T 7 A— FAEEIRIS X
TR FHERL % b B\ CIEFIS0%E, MBRIMED TH
FEELZDOTH B, ChLDERDI D, BHLH
BETHEAARRIES 2L, SEESERRTRZR
TR AR ARBEOTERELE > T3,

Side Step BficowTik, BRUMEBELETIHEAC
BACHABCHEREI LV (K-2.3681),

cht o Side Step HREDOHKR, ERE o LERRK
BoEERLSERA AR TR OB REE- &
BRA->TLEo%e

§-2.37 3, SHER, BERCEY 3 LAHAAFERE

KA THETHLI0FE 1 DEOERMB IV 1205%D

(EBKTHE) BEORREXRLL O TCH B, B
DEERS R FURTEES. 28km?, Fikih BRI A
198, EEAMLILE, HERLANE 745X10°m8, ¥
— ZFiEaom3/s, SREROEREHEZ, MBMEH2.3
km?, Fikdh bFES K AiIsE, BESKLLE TP
D, FEROLWHABEBRIBESLRALE Lk, ¥bE
S TS, SHESCRAELCELTED dip 3 10cm
ERILTH B,

Fhbb, EBEEEZ Lo A—-DHFTCENWTY
LEFHRHOBOME LR X b, Side Step BIHHZE
EL%&D, LaARokbLl, Thicedh- THARD
WO MR T 2SR E £ o 7,

Bl kb, HAROERER BRI RS E
SR L RET 2 L HARNTREING (2.23) RNetA
HOBMBEELPEEL 2 (2.4) XOFAXR v, £
BRHROBOMBLMEIC X » TR LA Side Step
Bapstl, EEumErtanE? Vy/2 cHEL 2
(2.29) KCeREN 3B,

logL=0. 42log (V,/2 X tand,) +0. 935 -+ (2.29)

(2.29) Ric k- CHMFE, “RTKBICET 5EE
P L UBEHERERERD Side Step Big & {2l
EroBERA I EHE N,

(7) LrhEfEoEEERMRRE TRRFLERRE
120515
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<500,

7

1
Jrop
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N (V4 ¢
SHEBEF i ;?“; ‘
SN a3

BH-2.2 @RI
FRFAS54E 5 H o L HBE
MNHESP AR REROMICIE I £ »
T3, FREIE3m

EHE-2.3 Sieve deposite
BRFISS4E 5 A MAKIC & 3 3 O T/REHR
HFEESCETHbRAE DD, +H
FICHLT2RT XEHKE N




TEFO M & BT 3 TR

139
10
m c
104 B ¥
109 4 '—ﬂm_
;A t 0 50m
AN 1 -
0 50m
o 7 50m
20
m
10
0 " 50 100 150 200m
(4-2.39 #ENILEH No.10) DHELHTH
#2-2.5 BNLEHROEFLHEHEE
Ed| tEmer | B OW R % BB B ok BB
f £
1) &E1) &E2)
No. 1 8 B joopm g | sopg m | 0°BB@R | 10° B & B
' (2.23)'% 2.9
(m3) m)|E3) (m) (m) (m) {m)
1 13770 200 - 271 2388 —
2 29700 550 * - 374 3987 — (1) 10°BAss0HE
3 5720 650 * — 184 1330 —_ D Bp=15°
4 6240 780 * — 194 1409 —_ (i 2) 8° BEfAX
5 8580 930 * (100) (F£4) 222 1742 — Go=12°
% X8 fHiLic i
6 3500 980 *  [f - 160 1030 (145) (£ 3) 10°~8°KificHe
7 10200 1270 * 150y # 239 1955 217) i
8 7900 1490** 170 215 1650 195 (F4) LEmHmE
9 17326 1510** 190 299 2783 271
* ~10° R HEFER I Tn S

*¥k

LV TRCHBAEREh T3

TRBOFILEEEATRAEAS 2L LT Z0EM
&% BB % & C KRB A TERROHTL
T BRI D 5, ChECERBEHRACI N OH
DR, ERBISSICO W TRR T ¥ e A E—F kR
PC b RHEAO B OBREIC & o TR BB 28
s enErLbhd,

chbnELdEDLARELERZ KT 25
v s R B o BN A RRET 2 ARG IR 26l
B3,

(1) FHEHoPE

WBNIRARE RO L8 » & (B2, 956m) ZKIFEE
L CHAMCHi T L LRETHUR CARENcaid 3 (K
-2.38) #NITH %, BBOEEHE & LEEHIAGEH
A chiERRICEREREE, FRaEA L TR
AR OHIRG A b &R o Tn 3,

SE RS C X HURIRS RN AT % A0SR

M LICHFET 3 LAREED ZHEEL, chboWR
BEERETL %o

(2) FREHR EE
JEARIRSs & ORI & LR IR AL T/ N R T L
ik, ERESHBRATHEEBHTOFE Y X % t&ic
89D L ATHRIAEEL T 3,

LA LBMcRaa¥h, choAFHEnESED
h3Hhicix Sieve deposite®ICIEVnH D H FENRTWT
(BE-2.3) , ELERCIARHEED S22
DHYEEN TG,

#BIlcET 3 LAFOURRESL LC, UTOoHERD
Foic, HRERTHEME 40m, EFRE 240m, HIEHE
130~160mT90% 4% 200m L TFC¢H b, BAHMEEZT
PRfE13m, FER{E4Sm, SEES0~60mTH 218, zh
 EFUNERATEER O FIEFI30m A b ST 3 Loy ELk
BEKT3, BEFCHLTE2LE WS ELosTn
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(o)

LA

...
2
I

ERE
O FRIBAB I b D
LR EEREL

© FLRHITUR 10° #%

& & DR VS IR
BHSLE
OBTHNS L %2 Arh

(2.4)REMW2BANL

(6=12. LTw3)
®(2.23)Ric k24K
® H%=15"L LT(24)R %

Buwlisim

HeH- g b
1

T ul

(2.23)'5%

1 llllll‘

—if

kLR

L] | I . X
500 1000 2000 3000 5000
, (m)

£4-2.40 ®|NBRHICET 3 LEHEIERE

T, KW BL I WA RO e EL T L AT
3,

H-2. 39 1%, TREROHFHRITHHETRO it 3,
BIOXAEFRIC O TEEZBIMTFAE L B A VER
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Report of The Public Works Research Institute, Minisry of Construction
Vol 157 March 1982
Studies on Ventilation of Vehicular Tunnels
Dr. Shiro Ibukiyama
Dr. Toru Konda
Synopsis :

Model tests and field measurements practised so far to establish the most reason-
able procedure for planning and design of ventilation of vehicular tunnels are shown
in this paper.

It was revealed that visibility had been lowered to the intolerable level by smog,
before the density of toxic gases reached to the allowable limits in the tunnel atomo-
sphere. The new formula is given for required air volume of ventilation of tunnels
based on the phenomenon.

Natural ventilation caused by one way traffic was analayzed. And the criteria of
selection for natural or mechanical ventilation is given. Hydrodynamic losses are obta-
ined in each type of ventilation systems. Moreover, experimental studies for effective
use of the systems to fires ar¢ performed and their influences to environments are
also examind.

Key words : road, tunnel, ventilation, fire protection, environment.

Report of The public Works Research Institute, Ministry of Consruction
Vol. 157 March 1982

Flow and Deposit Properties of Debris flow

Hiroshi Ikeya
Dr. Takahisa Mizuyama

Synopsis :

Many mudflows and debris flows occur due to snow melt or heavy rainfall every
year. Manylives and much properties has beenlost by them. In order to prevent and
reduce these disasters, Ministry ot Construction is about to designate the places where
occurrence of debris flow can be anticipated and to take countermeasures against it.
In this paper fruitful results obtained from the study on flowing and depositing chara-
cteristics of debris flow are reported to give useful information for the sabo works.
Hydraulic and soil mechanic conditions are made clear by analyzing data of debris
flows occurred actually. Based on them some experiments are carried out to get infor-
mation on flowing and depositing characteristics.

Key words : Debris flow, Mud flow, Alluvial Fan, Side step phenomenon, Follo-
w-up-flow (wake), Hazardzone
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