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INVESTIGATION OF THE LOCOMOTIVE SMOKE IN THE TUNNEL
FROM SANITARY SCIENCE STANDPOINT
(Trans. of JSCE April 1953) ’
Dr. Eng., Sakuré Murayama, C.E. Member

Synopsis Investigating the effects of the locomotive smoke in the tunnel upon the human
body, relations between the density of smoke, time and its symptoms are solved
analytically in order to apply them to the ventilation engineering.
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% ;@Wfi B o | iR (HAERR) | BB T ®oow
P S lm g wRES | wmow | A K@ "N ERE
S R — # 19 — ¥ 18 w20
£ o . 6.11~9.98 5.51~8.61 2.04~3.68 3.71~6.85 0.5~0.73
2 (b, 15.7) (#,10.21) (, 6.23) (r, 9.65)

co ” 1.06~1.13 0.83~1.35 0.66~0.75 |  0.95~1.03
® 5o, Y 0.02~0.03 0.01~0.03 0.02 “ 0.04
1D | JES0: | mat 0.10~0.11 0.09~0.13 | 0.07~0.16 | 0.15~0.24
# B | mg/m3 620 600~1420 | — ‘ — 80~95
x o | cen 0.6 ~L20 (1 K210 |  O8I~L34 (J X 1.40)
® SO2 " 0.01~0.08 (352 & 0.21) 0.01~0.09 (52§24 0.21)
2) | WSOs | mell | 0.06~0.23 (B2 0.23) | 0.10~0.27 (24 0.38)
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RN OGP CO; BN 40mm—Hg < Bis (B AHOMIE 50~60%) & SH, & O FEE OB
HAZHEOWEEL M 5 4%, Lehmann (3 10~25%; s CHERDE U CHRICBPELRD T, 20~30%,
TREEIREM ORI Tt 2 b, 40~60%, T3 1BBLAREVER R MLbh, Ch BT ERe L
T35, COFARKTIIIZE AEREMET, HATRIEE, BRI Lo THRINIEEDS Lic{w», X0k
0k, RO DEEIICTA L, WAREC IO TRANICEREYR L, kb EbaBRREL $TC Lt
B, BIEORHE], FHEikTHRLTAATO CO RERYEVRTS T LR TE T, BEOHBHEOME TR
SRR IR H A ThH %, S0, #ARMHICIREEEEA Uity & IR 543, 0.003~0.005%, THGEHEA
HIEL LRGN, 0.008~0.012%, TIRIEF%, 0.02% CIRRAHIST 2, 0.025~0.04% T3 6MHBAL
THEFE7: <, 0.05~0.1%, TR Z bh, 0.4~0.5% KEIUSEMHBTHETS L 3hTn5, HNAR
B D DI BER A B CIVER R U 5 5o SO RAISAO e b #R T 4 BRAE S, KBHER R L
TEN XA AD=< A 2% LT HIESEICES . HiSO, 12 SO, 2L LT T, KR WO THREFE X
D5 B, AMEEONS L Vil LAT R B X 5, BERRE, F-v, ROKUMBEEL DK
b, AEILE, FHEICIRE T B AR B E TR E O RO TR\, X~ MBS 500, W,
PO TR [ S, H.SO;, HoSO, S T{eBliikOmREE LS. e R—1 edZEofmih
CO LN AMBEIBONEICITIZ L A X e b oV, SO; kDo b EiL I+ 2REL Bbhd, UL
HIPISEEEE OB 50T & SRR ARSI b HIEHFR L ST TBANED X 5 T3,
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s, A, MROETLS . #Z-ORET s & L 00% 0.019
BT Ah - BRI OB ML 570D T, cor | Lsw® Lo 0,878
B XD+ 7HOZ O Bunsen ORITRE(R co ‘ 0.967 0.032 0.023
—DITTE L S0, SO; AKEHDBR D TH SO E 2.964 67.485 | 3.3
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T KRPICENCEHET AT, HADETE & HICE OIKBTET 5SRO KRB 51 BTV 5,
WezEp X DU T ULED, ISR T ORI & & ICBEOT{LOBRNI I/ 5%, B HEkrIC
# 2 TEOBEEAIERT 58541t CO, CO: DY { o THEEEO/RREIND LEL RS,

2. CO HrOmREICHT R

D CO 7 AR ROMIENTASERMIAAMKFOER T ASEL DT Wh b, BRFORTAILL
NENDSEFCIE U T Eaic ik BIciEFE L, W8 Lk O; ¥ CO mfasE (haemoglobin; 474 Hb &
) I T AN LT hOBRIACIE U T Hb L {MciEa s 5, ol CO © Hb i3 28, O.
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D Hb o3 2 BRINCH L2005 5, % D 3TRNZ 2 3FD BT WS, L LEEII Hb & 0, o541 CO 0
FRX D 1083 TS, 2k & bic HbO, ofEsEd F74 HECO o rh X b %8571z CO ”
BHE Lz L5 MW EHTTIAYETS30L B IR Tw 39, ZolBHRicL>T CO At Hb
{reduced haemoglobin) % 7 i3F2{t Hb O O LA BELWH LT Hb 2SS L, HbCO oL hEikfiho O;
SHEZETX®S,
—HHRES T O 2SHE SR, O: SEFRLER X VWAL IThbD O SEZIC X D Op 2Ia~EIT L
CTHEREOMIRITD . La L HbCO SF MR ERIIEL b d O: &8E (0; 4 K<, £k 0. Ol
BT 70 5 O THENCET 500 0, ROBFNTE T, MclEHnxZ L CO FERRT %,
2) Hb k3#A:DFIEG Hbit O, CO FARNTF AT IES,TLIN, H 1Osn; Hby(CO)y #2722
TRIN TN D, Wﬁ‘i?@%@ﬂm&fﬁ n Off} Adair OEFEEDILE, Svedberg 03[‘?%@5%“75:5 n=4
KDL TS, Hb L HAE DA O keI Hill KK TR L.
Hby +nO0mtHDB,Oyyy  worveeeereremmeressmenes et et e ey
1) ROEANBFTTIEISEE v RESO & ooT, 4 “‘z%:h’c:hwb\fiﬁra@, {Hb,J, [O:] %
“Th%h Hby, O; OB T,
v=ATHby (051 —H HbnOon F==A THD J[OaT™  «rervrvererrmrerremramiaiiaiiaieeini e, (2)
BT v vk [0 IHAIT BT TR B AL, v ORI L HUE v 12 Hill of5sED X 51 [O)° whtfiled, 1o
LA n=1~2 & LAk &5, Roughton® [T n=1 02 INRENOFICHEL X SHT 5T L br
L, TOFEY Adair OREHCES KD 1 HTFRISKC XL DBBE LTW3, bbb n=4 OO HbOs
Jexid s CO oUESAIT

Hb,0, + CO == Hb,0,(CO) + O, (a)
Hb05(CO) ~+ CO == Hb,0,(CO). + O; B e, 3
Hb,0,(CO),+ CO 5= Hb0,(CO); + Oy )

Hb,0,(CO);+ CO = Hb,(CO); + O: @

GHER oK B B0 3 JUSHE R FERTEREAOEIC X o CihEIhahb, (3 AOHHH
DUSHERAMHOBEY [ 1 TRLU, myme, mymg B SUSHEER L THIE

dLHDb,0CO]/d¢ = my'TCOI HbyOg ] —my[ O; THb4O(CO) ] (a)
d[Hb,04(CO):]/dt=m; TCOI HbOs(CO) 1 —ma[ O [Hb,04(CO), ] ™ @
d{Hb0,(CO);]/dt =ms'TCOIHb04(CO)s1—my{ O JTHbO:(CO);] ©
d[ Hby(CO)4}/dt =ms (COTHb0:(CO);]—m [ O:) [ Hb,(CO) ] (@)

Fir My=mymy, Mo=mslma, My=mg g, Mymtng [nty coeoereermreemoeeniniasinns e senineens (5)

A M OSEEEE, RISHEE T it dl J/dt=0 oFFcit (CO=ea, [O:l=g &+Uf 4) Xk b,

[(Hb05(CO) ] = My(e/s) [HbO4] (@
[Hb,0,(C0O). 1= My(a/s) [HD,O(CO)] ®) ! ............................................. (6)
[Hb,0,(CO)5]= My(a/s) [Hb0,(CO):T (©)
[Hby(CO),] = Mi(e/s) [Hb0,(CO);] @

FISOE, HOOED O; Kt CO #AFRIL ISHIEMIEAD 0, CO DEBER.C ORI & © Tk LIE
ALERGT e ELBREND, [COJ=a, [O:l=p WHFR LEL T & 3, KGFHERACIZ <6) o 5 1
O HbiE&8 0 AE L, Th L OB (6) b
[Hb,04] : [Hb04(CO) ] : [Hb0,(CO), 7 : [Hb,0:(CO);] : [Hb,(CO),4]
=1: M(a/B) : MiMe(a/8)? : MM My(a/R)’ t MyMad M (@B)E  <rveeerrecesreeermieaninenne 168
SISO LT S Hby Ea0Fhicit CO LS LTWELATFHFSENTHE0b, 5T CO &
Ha LBz linga X vd CO MREREy, (6) KOk XHFRIEL 20T Lic LIBE L 1z b
2® HbBCO oD CO SHE L\, pm TR,
M(a/8) +2 M Ms(a/8)2+3 MM, My(a/B)5+4 M Mo M My(/B)?
P41+ My (el B) + M, M) ) + MMM ()5 + My Mo M M y(arf£)%)
JHE p 11 @ OEEITIREINS, ’
3) pm OEE FEK Hb 2 CO 20BN
3 (O TR g T £ o o PSP 9
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2 UTRL, TOFEEE N, CO FFE p, % (6), (8 XOZT2 LTOFDZTE KD TS,
[HbCOJ = N(a/g) [HbO:] .
pn=N(a¢]3)/{1+N(a/B)} T (10)

MMy My, N ILERBRT] (relative affinity) & b, MEEO pH, BFEECITE LA KERR TR

RENEORY, BEOFICIoTEDTAHETY, ANk v%P0ERE%, N Offid gasometer ¥72i%

spectroscope ZTCHIGH N=210~299 < BDVWOFERENRSE 583, B
IV 2 880 eeerrenee it eer i ere b e st e e s h e h s e st oo s st e e ee e e e et e e et e aeenn s (11)

CO BELCRBNWT pn & pn EE—HIVLDZILXTERV. —F pn OHBICHER MM, OFEROM
AFLPUSLRTENWDT, ¥F @, 8 XU N HNT pr 23k, K

Pr=TmePn  vveeeeeenees e et et e et et e e ee e e e ree e ee e et e ees (12)
& LT, BIWELDFIEIR 72 OMEERDTHERD,

ZeILER [N=]J=79.0425, [0;]1=20.93%, [CO,1=0.03% < BW\WTH 325, MlaNTRERIE L, [N=
80.372, [0,]=14.08%, [CO:=1=5.55% < B /oo CFEE LTWw5, CO REZERDHE,CO REBHHMET
550D, MEERKOBRSHRITREL L, Fi CO HERTRHEINLWHLLMIER CO BERASTEE «
CHE LW 2T 5, #ic [O1=8=14% (477 106 mm-Hg, N=280 3t/ (10), (12) Xk b

Pr=1m (280 @)[(280 @+14)  crerreeremii i e e (13)

—HIEFREOT R, MinEEEAOERm O O; L 80~100 mm-Hg CHaN® O: 4E (106mm
-Hg §i#%) LT 5~95%< B (EBE 95% < b)) LaiERIL Tnitv, T OTRENOERL O, Otk
HEEAGEV BT O 2RI L inWiHichifadks z &, RUMEBO—Rc ¥ A% Lt wiH50 b
BT LHEBEFBRDD, —F CO DHBLEE we & O DFh wy LOMIE Graham DMRNC X SFEDOFES
BICH BT 200 we i uw=1"32:128 = V'8 : V7T i) EBIIAERM N, e CO RABEALHAT
BB S FEREROERIIIEIRCAEET 5D, Oy #7213 CO 2iE& Lin\s Hb RIERF L @IgH—
DEE (B%) KB LRbhD, #Hics Hb ioxi$ 3 —ELRE Hb OFRR p 1% 0.95p, 27050 b,
75=0.95 23IUT "

D= 5P =15 m (280 @) /(280 @ -+14)  emrerereicrerninns T N PP (14)

Sayer Fu¥ Yant BHARERCIEWT [COl=a DEAERIC LS CO s8R (p) RUOMCETS T
DR (T) 2R L7z R—3, (@ b)) ). XKD a, p DL (14) XicfCA L, i 75 23 TIWE

F=—3 Sayer RU' Yant RIEELTIC 7, EHE

Sayer Xk U Yant §f i f&* " it =
T @y Ty T @ Tdy : O
o (%) - b (%) T (hr) 0.95x 2802 nm=$’;
0.02 23 6 27.170 0.8465
0.03 30 \ 5 35.625 5 0.8421
0.04 36 5. 42.180 l 0.8553
0.06 4“4 ; 4 51.775 0.8498
0.07 a7 - 55.365 | 0.2486
0.10 53 3 63.265 L 0.8364
0.11 55 ; 3. 65.360 ‘ 0.8415
0.15 60 1.5 71.250 ‘ 0.8421
0.16 61 ; 1.5 72.390 ; 0.8427
0.20 €4 . L~0T5 76.000 1 | 0.8421
0.20 €8 o 0.5 % 81.415 ‘ 0.€352
0.50 73 0.33~0.25 86.255 i 0.8453
1.€0 76 ‘ 0.03 :‘ 90. 440 : 0.8403

v BEBAS 2) p.l6 X vElH, nan AH)fE=C0.8425
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# (&) MO 7D, MSAEND 75 1% o ICEBIRCIZE—EfEY T, WE 175 OFLEELRDD &,

T | I 7 - O I NPT (15)
o p=0.8435x0.95x (280 @)/(280 a+14)
20.80280 @f(280 @+ 14)  rerrreeseessees it et e et (16)

Ty OB 1 RO DWW TR EGT TS A LA RIEC DWW TR R TH S 25 AFITIRERE D,
PEOT p Ik (16) XDk FEHARIEES FCGRUGIET 2 © L 28T 3,

3. —EpibmE Hb OipEE

Hb ¥ CO xOfJS% (3) ROZ & ML Hb & CO :ORUSHKE I Tl &L Hb & CO OFEd %%
RETHBD, BEERICEST 0: Bb570 2 (1) TONRZE L Hb 13 Oy 1o 2 B FISEE O 2
CO X v —sE{t Hb icixsm b, Hb 2 CO BATRLOISE (3) XTRFEIND LELLRS,

(3) Xit Hb, 0 1 DFRISA TS5, W& Hb, OEA LT Hb 150}, #0145F0 Hb &

CO rDRUSERR LI TIUERKXTRENS,

HbO,+CO == HBCO+0;  sovevmvrvinnniininn e et eea e e reen s e aaas an
L (A7) AORISHEER (4 Kofihie
dCHBCOYdt =m; a HbO, ] —mBLHDBCOT  ceeorrrerimn e (18)

mymg’ 1% i=1,2,3,4 T (4) XHOEREE LW 4HFET 3, Ll (B) XOKISISRERE LTl
B (WX a, b, ¢, d FEARRLFEDR L WAOHEIC 0213 T T, TORD my, mi’ BNE m, m” 2T 5,

F 7 [HbCO], [(HbO.] iz ENFRES 4B\ HBCO, HbCO: 04 FO—EREFICH S5 FHLELDR
500, E—mEEFIcCHD Hb HTORER a Hrikl, mEDO CO ffk%y z, O fIfRE v 2L

z=HbCO}/nsa, y=[HDbBO:T/nsa  crrerevremmeertent et ao
BCTREFORISHEEEY (18) X EEzmHEy AT

d:v/dt:m’wy—mﬁz ........................................................ eeeerreirerannateniaiaeerenraes (20)

—F . TAYTTg | eeeeeeereeeenree e e e s e (21)

¥R s=p THDD (20) X2b
O=w'a(ns—p) —mBp
Co drjdt= (M @A MBY (PiB)  eeoeeereees et e e s (22)
R B BSOS DR ORISR TH B 8%, AERPI IR IS AISE RO CO H &R KBS haed
CO #4358, BUSERICH U TR E W OARERND ¥ Fifilddky, L2 —1E L < BoUhtiliac
1B Y RIS %o CTEEYRED 5, MR TR INS RS 4, R Sy 153 % FErid ¢ 23
E, EEAT (di+1,) BlcER 3h s HbCO offnlEEL (22) Ko 4t HEloLERR (EHR) %L
W FThbb ERANO CO MREOMIEEN: (22) XOMHBE ¢ Of8 D & T={(4t+t)/dt3t & B Wik -
dT={(d4t+tc)/de}dt 2 FHUE LD,
dufdT=Nea+A)(p—2)
et L N=m QM) A=mBdt/(dt+t) )
A N EEMNDBDIERTES, ¥ oo BER (FR) J2ic# CO BEZERBRA INDINLISKD
CO 7 ARl LTET X v,
CO BB ERXBA LD BHY T=0 2L, O

LIE b3 TR LT\»% HbCO @ifgs ¢ 24h » ol } —
1 (23) ReRnT, T=0 1T s=¢ 2THE " !
z=p—(p—e)exp{—Na+a)T} ---oeee 24) —
DOFR (24) KO c=0DHE L K3 b) (¢ MO 1o -
Sayer }tf Yant Oz #FWT, BARHRO A, A T 8 yd
BobB, REL (20 RRBBOBEE o=p 285 3 4 7
EERICKTD T3 T=o k70T T ORRENK X =
BHLNRNOT, HEOBECe Y BER o=p L8 4
TrrLi. ST 2/p=0.9 2iEL, THED 2 5
Wa+N)T=4.60 %7, IHICEMD T Z{LALT 0 = e Py v e

ANa+d) & o 2OBFE kDD B—-1 275, 2O o %)
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BREROC & < 2R CHELT C Lie T, | - .

@<0.09% LT A'=9.0 Xx=0.59 ) .
0,095 , N=31.9 e _1.571 .................................................... (25)

T DERER LT Killick OFFOR3ERD %B UiaS, 13k A ¥ —ET 35S b,
4. —BicRE Hb OREEE ’
CO # ARERE IS LR 5 BHCIL A
HBCO~+0;—+HbO,+C0Ot, HbBCO->Hb+CO? e (26)
L7207, HBCO 12 LT CO #ASICHINT 5, 7ok HbCO DEMBEEILATC L © € B 3hs, &
B, ANRFC L O RE, OiFOME, RROLHY T, BAMGOEHY B, BERAZK T O,
SEXEDDC L, ILBMERICHET TS CO: IR iR E RIS L T ERIER 2 i 5 2 DEEER AL 54
CO, #AXIAUD &I DIAEHE bRED, .
(26) KO CO BHARICHE SN, FSRA DL, & DRISOEKNOREEEIIEE & Fic KOT
TFEND, ' -2
AfdT = — s woeeenvrneeme e @n - 30
pOE m (i=1-4) IABST BT, IDRRE, ¥
5,0, 53, CO. OIFETHEL b SEh bk 5 4R,
T=0 1 C z=b 23Iuf
p=be@XP(—pT) +ovrvvreneermniniiiiinnins (28)
20 =302 1c#B T 5 A LHRIC T S Killick -
OEPED Th D, MR EFRT R SR IEY 5D
Tw5, AEOEERFANT (28) XL D u OfieK
BB E

20

HbCO B E (%)

#=0.102 (FR), 0.621 (FER) ----(29)
u O LTI Fn-CiiiR 2w < L’ ogEo & 5 L : - .
<§5&f;;;;§§iﬂ%hm)Amﬁ&%bb° T HpsaaEdesnl (hr)

1) ApieR CO ¥ ARGGORMERIIIEMmKF © HbCO gafndiic Jup LTS L, Killick, % /ci% Sayer
FOf Yant 03z OfFE F—4 0T IR LEY, #F/z Henderson KX Haggard? (¥ CO B (e %)
LU E OBARE (Thr) LFEROBRARD, (Txa) Offist 0.03 LIFZELER, 0.06 OF% JCmRAIL,
0.09 DEHARE, HKLML, 0.15 ORERE Ui,

E£—4 miEo CO fEMK LR EOBF

CO gaRE (%) CO» » B o & R
0~10 ® ® R
1020 (Em mER

HWE : BREER, BEOREM
KUY @ P AT

20~30 Lopmnr : mom, oo, oo
SBEE BTGB, BRISMI, WIEE, CEAE BE
30~40 Cormrs © moB, mpma, RS - R0 BT, 5 icRE
TR 6 EE, HEHER SR RSN T s BRNN, RN, KL
40~50 oot ,
50~60 2=, POk o BRiW S O g, HEE
60~70 CRENRCERAABES - & 0, BB LT
70~80 WIS - LR, BT

CO # AEHER CETHROFCRAINSG S, SAWER BEREE iRl RioEd Sk U,
z OFFE HbCO 43 20% 1wifd 5B E INTn5, L LAR—BRIchBEE CO wRxi7 BN (ac-
climatization) ## L, S LAFREE LW 0 L ) R—#EED CO #AXBAL TS HbCO fEfnHsik
W, ED b Y F AREREEE AR TE, BAHARERROB L0 O—~EETTEOTHS 5,
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2) IBMIER CO # A DBMHEFHCXT 5 BRCOWTid & D SHEATIEITIN X 5 Th 5 25, —icE
2 CO #FARKEIN T3 LIBMFER (B9, [ER, Bl SFRE SRIBE, OS70E EURERE) v
F5 LD THBLNOTHBY, EHROTRED IC X% LIERRLAEHEISHRAROBMC & 3 7o\ 87 H
BIFRAYTF 2 2HEIEM L TAB8, TOPIIFEOREMERHOES 50T, CO ¥ A0 SO, tX % 2
#2 BNBEREEBLSENTHDE LOXTNS,

3) S SMIERE ORI HEFBICK LEORHOXCHE I HE Qu(keal/hr) M ADKILY
FETREAR (RPE(CBIBE) Qo(keal/hr) 2O K=Qu/Q T LONMORBE LM/ L, K BENER KR
ORI B T, FRoNE R 5keal/hr (XEESEISERER 1000 cc T 5D, HEFHCIE
Egeieso (1+K) (EOBENER LD, ¢ OBRENEROEARISEIC X DMKA O, SRS THIRIL
D 0, HEFMETL, MENORSK:LHIKND O; SEEDOHATSEC 2, %BO CO: OREDD HEIH]
B SN CER B O MR B S © 280 X % Hb ORSSEREORAL Lo Tliblb, cOX 5

HrHe CO PATESAERTIE, PR, MAFORKEC X D Hb %X CO OBEMBIHALTHERbER .

#13 HbCO DERGHEESHMT 5. Hic 2 OMEMMOESHEOER L EX b, WE % © CO &
TK RS @0 HbCO SplEs (do/dD)x, BN OEFEEY (do/dT), 23HUE, HRiic
(dx/dT)K = (m I\’)-(dz/dT)o ........................................................................... (30)
(B K) ol UTRREFLSBFEZ L5 ThA4, (ER K & (1+K), F IS RO MR R
2 LD 2355, APIORBRENDESER (n) & K oBELRD S LIELHCIE n=1+0.65 K Th%
25 (B K) oFriic » 3 (30) Xk
(dx/dT)K -— (]_ _|_0. 65 K) (dx/dT)o ..................................................................... (31)

S B HbCQ HEOHREES W LT O, DR E I —HENO BRERE L T1D, BERZERIE
BEED AL LL B 2EZDNS,

6. RAEETHERRD i

CO ¥ ADAMERIBRFD CO ¥AREE (o) WARH (1) RUS#RE (K) 0%t L hEEIN
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STUDY ON THE TWO DIMENSIONAL CONSOLIDATION
OF EMBANKMENT
(Trans. of JSCE April 1953)
Koichi Akai, C.E. Assoc. Member

:Synopsis In this paper, the distribution of the pore water pressure in the foundation of
earth dam is treated as the two dimensional problem. Starting from the fundamental
theoretical equation of the two dimensional consolidation, the research is performed
for the foundation which. has infinite depth or under which a perfectly rigid and smooth
rock base exists at any depth. First, applying Neuter’s theory of elasticity, the stress
distribution just after loading is obtained, and using it as the initial condition, the
solution of the consolidation equation is represented in the form of Fourier’s integral
or Fourier’s series with regard to each boundary condition. Next, performing the num-
erical calculation for the case of uniformly distributed load, the pore water pressure is
computed as to the sudden loading and also as to the gradual loading on the semi-infinite
foundation within the allowable error. Comparing these calculations with each other, the
change of the distribution of the pore water pressure in respect of station and time has
become clear at each loading condition. *
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