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Neumatic caisson work in Japan has been come into operation since 1924. Afterward, this
technique of compressed air work has been utilized in the constructions like as foundation
works, the basements, and shafts of the bottom tunnel or shields for subway and so forth.

While, it means for people to be exposed to hyperbaric environment that they use com-
pressed air work, this technique has risks to be suffered from not only decompression sickness
(DCS) but toxicity of poisonous gas or oxygen deficiency. However, this technique is necessary
for urban civil engineering and recent compressed air works over than 1.0kg/cm? has been
increased in 1.5 times more than in 1970’s and the higher compressed air work more than 4.0kg/
cm? will be actually planned in near future.

So unmanned caisson work is considered as a better technique for such high pressure work,
even though people must enter into hyperbaric working fields for maintenance or repair of
unmanned operated machinery and materials.

This research is to establish the safety work under hyperbaric environment within Tkg/cm?.
It is necessary for us to establish the system not only to keep safety but to maintain working
efficiency. According to obtain the purpose, the effect of respiratory protection has been
investigated and work load under hyperbaric caisson work has also been studied.

Key words : Pneumatic caisson, Load work, Respiratory protection, Heliox gas, Decompres-
sion sickness (DCS)
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ESEEA AT LIEERE~RBEINSEZ
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KT, BED 1 kg/cm®%#8 2 5 EXSEFR X970
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Lal, 7y —v vIEIGEKEFEZHES 2 Lnb,
—BICEEAMBESBR L INTERY, FELLHE
A EORBESCFEEREORIKRRE L e T 5 (5
BasEEEREERERS, 1983).

FLTATHEOFERENLELL, (FEAVNER
FEWBRBEIND I L BEIFENTT X 5 REREEF
CAFAERFIB LIy — v vIE@EAYr— v v IE)
DAEFEHE IS (IFTH, 1986 ; BIH S, 1986).
Lal, Z0OY2A7FaBWTh, HEEROBEX
Enfebiz, (FEENBIEANZEELRThE b
VIR TFEI RS,

CORBERNT B ID, FHEINLEEKES
ATA (7 kg/em?) D#EIFEIB\T, B2fEE LERE
TE, FESDERLDPEVBLLTITXATEILE
TH5H., T ZCHIRDEERBEIFL AT 2 X—-R &
L, fEEBIIEEDOEED L, TREIRKANS), »—
YVIRAYD, BRE (A7) BRALT~Y v 2EE
HABRERTH LS FEIEFTH S (FIHD,
1986)., ZOHERIKRE =2 —~<F v 27—V VL
Tl LS,

AMRZE, AKFRE=2—<F v 27—V vIEXR
VIR LTHDICLADBHIET TRV A RREDOAEE
FEANDOHEL Yy — vV VIFEOFIFEECHET 28
BRI LDOTH D,

F &
HEE L CEBRRASTLEE2EALL., LIEEE
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Table 1
Mask

A LIFE GEM2P (AIR line System) face mask
KAWASAKI SAFETY kk

Different respiratory protections.

Type pattern

('\'/'02 max) B X UORKBRTE ('\.fg max) 7% & IEET
RHEFZER AT A (3 FrrAErE= R —,
RM200, 37 r#8D %Ay, &AL (HR max)
L5 4 722 —710 (OEC-5201, HAXE#HE) #H
WTRDIe (Eln, 1986).

i, r— vV VvBBORFAHERANS D, B
FIZIAFEZTTOEIEY FEXTY, LA
BIEL 1o,

BER2EE LCiE, BERLM 7D 48 AVvGR
1), EHE~OEHEARORE (50%Vo, max) & F
BRI XA AL ZESELCHKRE & THRRIES
(E+7v Ry at—, AP-600G, HANEHE) %
N, TR ENOEERIE L-CEWLS, 1986). %71,
BERVANLBEEIRIT AL, BENEL KL,
TN ARFEENRAT S D, 2BEOMESEY
Fyvy, AR (RESPIRATOR B2, E+HEESRZ
HED X BHR LTI, INBEOAFRE, K
DHEDTH S,

Model 1 RfEI NG

HE | 140g
Fodk 170 X60 (mm)
Model 2 SCUBA #KHDOBEFIMEeE %A
EEE | 940g
R 0 90X 45 (mm)

RIAROPRE L L CEERABEE R Y 2 HW5,
LosL, (ERATTEERERNE, BEERLHIEREICL 5T
Rizdicy, IFEAETRV 2EEFLCRETEE
KB & H1EARTIRAE (% V0, max D30%3s X 050% D
Bl b &) LorhFhof BB OE LR
Wic, FEFHAEBER AV OB, KOBHTHAS.

6 1l Xv~Hxy + ! 12kg
(AR R+ 7 DH=7.Tkg)
41KV <Fey b 10kg

Table 2 Physical characteristics of subjects.

Sub. Age Height Weight MVC %VC FEV1.0%
' (ys) (cm) (kg ® %) (%)

B  TR-60 (SCUBA Regulator) mouthpiece SO. 35 173 74 331 80.3 91.2
TABATA kk AK. 27 169 65 413 99.2 82.5

C  J-Valve (Exercise Type) mouthpiece KA. 28 167 65 4.24 103.6 83.9
‘ MINATO kk AM. 25 164 58 4.13 100.9 85.2

D  Rudolph Mask (Exercise Type) oronasal mask Mean 28.8 168.3 65.5  3.95 96.0 85.7

Hans Rudolph kk

+*SD 4.3 3.8 6.6 0.43 10.6 3.8

NI | -El ectronic Library Service



Japan Soci ety of Physiol ogical Anthropol ogy

158 KBEE=a—~F v 7 r—7 vIECKFHPRREBOEHRICE S FEREROWT
Table 3 Cardio-respiratory function of submaximal work.
Subjects HRmax \‘fozmax ‘.fozmax \-/'Emax RR Vr
(beats/min) (I/min) (ml/kg/min) (I/min) (breath/min) ¢))
(STPD) (STPD) (BTPS) (BTPS)
S.0. 191 3.31 44.7 105.9 49 .4 2.15
AK. 192 3.34 51.4 148 .4 52.6 2.83
K.A. 179 3.08 47.4 128.0 83.3 1.54
A.M. 200 2.71 46.8 138.0 57.7 2.39
Mean 190.5 3.11 47.6 130.1 60.8 2.23
+=SD 8.7 0.29 2.8 18.1 15.4 0.54
100 1 © oo :\: 70 r
® : <
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x . * IS
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180
40 4
160 |
c
204 E
% 140 |
©
L )
0 ' e : —t —+ 9
120 F
60 100 140 180 -
H.R. ( beats/min ) T
o : 100 }
Fig.2 Regression line between HR and %Vo.max.
(AR v+ 7 DH=5.6kg) 2 4 6 8 10
£7, ALK B IEEENOYEY LD HE Time C(min)

T, B BRAEKERS LI U2 » €V 7 BREXTER
REOIATA ROCATARE T CT 5 &3, REFD
EBEC L HEERET RS (FFRILG, 1984).

& R
BREESFEORBRETH Y (F2), RAED
B DMBEOHERIRIOBY TH S, FFREREOD

RE M h OFRABFERE (ml/kg/min) ik, Laur-

ence E. Morehouse (A3 &£ B F, 1979) Ok 3
LB EELEENFHI Y IPPEWVETH .
BABMFERE (%Vo, max) & HR 0 FHEAR
i, HBEGREAEL r=0.925TH -7 (X®2), r—V
VEETRDONICLHEEOERE, K30@EDTH

Heart rate and \‘/ozmax by 10 min steps load
in a caisson field.

Fig. 3
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max TTERLT WA, LidsT, TRLhORR
s st 5 B CTT - 7 R5%RIE, AMEHER50%
Vo, max D105 HOEHES & Lic, FhEROIER
BOBENTRENIL, TERECTI~RA7D247
N D<C<B<A (IATA) DJETCEHWELZRL, TR
EHIL, C<K<D<A<BOJETE\MEZRR LA, 50%
Vo, max OEBARICETE, <227 COHRIME
WEEARL, BAFN AL BEWIFED b T,
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Fig.4 Comparison of respiratory pressure resistance
according to different atmospheres.
(under 50%Vo,max)
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ARVI(N4), BRI, ThEROEXRED
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17z (P<0.01). 6ATA D He: N,: O, L Db TIx
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0.0). ~27 A%, 7V y>rFey FHRBET
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Fig.5 Comparison of respiratory pressure resistance

between negative and positive pressure type
masks. (Data by Heriox were measured under 6
ATA)

DX, BEEABEC T2 LHKRAL Y ¥ ADBEH LT
LEVWZORERZRIRL, v2A 272 ADZEHWT
He: Ny: O,03BRE EEKHFATIT>(®5).
RIIDMER, ThZhoENRL, BENCRIIE
EARTRT 5 216mm H.O DR R L, BEFR &
HE L TRSFOEHH60~70mm H,O K\ = & 23
RHHLIIC(P<0.00D), FEAY I AGCEBEED
DEALICHE S BIROETIEIIL, ~ 227 AR 55
EART, —ERKEX11xL02 ], SERZEHK
%15, 30, 50E]/5 & LTAKE X »6ATA £ TOBEIE
TiT-7, ThZThOERICLI IRDONIEHTO
EEFEAL, ROBH»THBH(N6).

SR P =27.5+0.41RR+0.24m+11.5V;
r =0.901
P=76.3—0.92RR—0.61m—11.2V,
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160 KRERE=a—=F v 75— VIR T AR MREICHED FIFME DOV T
mmH20 Table 4 Inspiratory gas volume by
different work loads.
100 + (1/min)
Exercise Mean *=SD
1 Rest 13.9 4.4
30% Vo,max 34.0 10.7
60 T 50% Vo,max 45.3 11.7
4071 Table 5 Effect of nitrogen narcosis measured by
Tanaka B type intelligence test.
20T mean +£SD
1ATA (Air) 12.1 2.5
oT 6ATA (Air) 10.6 1.6
6ATA (He) 11.6 2.2
_20 +
Table 6 Result of tapping test scores.
-40 ¢ (working ability test)
mean =SD
-60 ~12,50
~ 1 ATA (Air) 60.4 3.6
T2e50 5 ATA (AiD 56.0 6.6
Fig. 6 Respiratory pressure resistance of mask A type Install Mask
under tri-mixed gas (He: O2: N2) by different Vr 1 ATA (He) 57.5 5.9
and RR. 6 ATA (He) 57.0 7.4
101 \\ (1~3%)RBEDETHS. Modell DINfBRL, X
S .l \ %)7.5mmHg O T H - 7c 2, BIR15S#1C 6 mm
z \\\ e He wfETF L, L1204 % CAUERR L. Model
€
o, 2 i3, H712mm He T - o, UEERIICET
o 4 . MO‘T' 2 \ L, 4051 3 mm Hg ¢T3 0, BtA» 512004
z T — — T ¥R CEE AL,
r control .
’ | S I Y < BB TTRERERT, ZhE
; : . e ; hOEBCRTHH ADHEEL, BHRETEHU
0 30 60 90 120 180 180 . .
Time (min) 1/min, %VEEE D30% Vo, max T34 1/min, 50% Vo,
©451/min T 72(3&4). Lich - THERTEE
Fig.7 Humidification effect by different humidifiers. max /min TH o7 (G4 O =

RR : #®KE#H (E/7)
m: 7F& (g/moD
Ve —EBEZE O
s E A 158/ 5, BE 5 A (15.7g/mo) A,
—EESE2 1 &T5E, BATABRE TSI %,
SEEOESI386.8mm H,0, BE R 1136.5mm H,O &
7o o7,

By _mbEE IR 25 AROBER, 1 mmHg

BERIE, 6 1%y ~& BT, 50%Vo, max D¥%{E
BfTE LIcBE, ROBH &b,
6loRy_DFAER, KROBHTHS.
V=60 x 150%™ x (.88 =720 1 (1ATA)
CoES, BEENNEL D LFEHATERRRD
MO ERET 5. '

1537 OFH T AMEE 451/min
AV EETEE 7201
1ATA i35 (6 T eERF 165
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6ATA I B1F 5 G A BERER 25340%
TATA R 5 F T RER R 250178
SATA &5 6 v 4R 25
IATA TRI6ZDDEAMFEETH - T H8ATA Tt
b 2aEETeB,
HRETERETH I LRI BIEEENDET IO
T, Hf BRageEELYBCCBEENEbnT
WEHBDOLZE RN, BRAX A RERE L, BEFES
MIATA E6ATA D4 L 2B T 5 L6ATA B
FENTOFEREDPEECET LT (P<0.01).
LAL, 2y Vv 7RBIZEWCIE, Pr—=v 2
ROVBEEREROEZIRD LIz >7(ES5, 6).

Z =

REGERIFFIC R O TE, FPREO BRI 7 SOEE
Ll L, EEDRAED, NOBREPRE
EXFT5REE LTRE S A% V53R K
RLHEMEKOEENEAT»SERIN, H5 51
T eF - e Y RTFARESWTIRSDEENE
B FE I hTwvw5 (BEFR, 1982 ; US. Navy,
1985), Eiz, LB EOBEKIEEL B W TIRES ¥ 2%
RWCICEIRB KB L EENEA X h, EHIcH
ShTwa (BIES, 1988).

LosL, 7=y vEEE, BTOBSEFLERLE
AR S E, (FEENN, Bikd. Okg/cm?, (F¥EE
FIAR K135 (HiEE S BEEREEREE, 1983)
FTORKETEENIBEBRLEATWS, Lol
T, 4.0kg/cm* B2 IFEENVHB LI5S, BH
THABKIER FEEAFEEERR, 1986) TIREL
FE739.0kg/cm*DBERH A5 2 LR TE, {FEE
3T kg/ecm*OFE, RAIEERMIZ, 605 % THX
NDHZ LD, ZOBWMERIBRAN 2 CEKH H
WHERDTHELL g\, —H, BADESFE LD = —
AELT, FEREN605 % B2 % & 5 fed.0kg/cm?
DlEDr =y v TENRSHER IR D Z L3 +510%
z2bhn, Lol 4.0kg/cm?Ll EDOFESEE 1, BT
BHE ERF SR, oREIABEL RS, Fie,
ERREDN O LA TRMERREOER Y B L, KEHE
L®ﬁ%#%@,%©EﬁmeH5%kﬁ¥%@ﬁ
FIERE S, DEOETEELEN D 2, BELER
BOERENERL, EEBREOEIERE I X
LEBHELERD, RLUTELERFEL LIV 200

(EF &Zil, 1985 ; HEF, 1987, 1987 . BE & =1,
1987 ; Mano et al,, 1982 ; Sykes et al., 1986 ;
Weathersby et al,, 1984),

CHhbDZ EnbEITETABENBE TICAL
ROHEE LT, EEHEEREEC AT 2B =2 —
~F v 2=y v TERSD CNE, 1986 ; JIlF 5,
1986 ; AIH 5, 1986), ZDHEIL, FEXERHRAS 7
DHmYESINICKERAGE S 7w (KSER
BORBRIFE L2 T\3) ORIt AMAD, fr
FEXERLAENS, v a A REBEEL, %34 o
FOHARAT B AT AYACETETHS, L
L, COTEZRAWTS, FESHNTEREL T 51
BEEBRLID, BELREA R E L XICELEEHIC
AR (BRI ABZ ERMEL 5T 5,
COHE, r—V VAREKTHEIRTW5, %4
MEERT 5 LEHADEZIERATIOTELL, ~
VY 2 _R—2AL LIBEF AR NS EOFNE
DWRETHDEVZAH(KS),

2T, 5ATA (4 kg/cm?) ## 2 2 B = F 18
ATA (7 kg/cm?) ¥ TOFERE FIcR\T, 904
ERATEERR & L, (FEDRNEL, 2 X b 2
5F, DORSINFECRETE 5 HEVRE L

=V VIEETORKREFEATE, ©¥—V v
Y7 PRAOEBFEEIEDTARETH I EKX
63% Vo, max DE\MEL DL, F\r—v v O
&, 50m~70m &=V ey 7 HLIEEEF TOEEMN
HEEINDZEND, (FEE~DHELEK~v R v 7 %
HEL, ~vVry 7~ ~OHADIZ=L -2 —%4H
TAHEYAT AL TELEBTFLESEEN S mEE
7B (8D, AT oley — 1 FRHTERSAME
BZFEXEEL, T00mDH T % T P35 Tk
30~40%Vo, max BEDHIELR TH - 1= (BB,
1983) Z &b, r— v VIEETORAIELEERIZ,
EBEFOBEIED 28D T $50%Vo, max BE D%
fETH Bz Lrmnie.,

fERFOFRMEL LT, RRENLLEET A ERAT
BYATLARRATED, RIRBOFRYT - .
ABHONRGZDOF T~ R 7 DIk, BHREOBIES X
OCREFEZHT TOFFRIRIFCT 2., Lal, ==x
7 HBRENCEE T D0 L 2388, B Hi=2 271
b EEMBELSHARTLEIRANRD S, =<
7 B, CI, BBERFRICT S EBEEHF L 0 ¥ AMBEH L
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Fig. 8 Great depth pneumatic caisson.

TWEWFOBREN R 85, T, FREH
ZoWnWTh, BEFARERL, SATARE TOFE
EOFELERICET, =227 A DEIKEOEHAHET
mm H,0, BEEE2337mm H,0 TH - 7Dk L, fll
D= A7, BEET60~70mm H.O 3 &<, BRIEK
FIOMEL, HEENBRTVWA=AZ ADTV y >
Fe=v NHREBWAsZ EEL (K3, 4, 5).

Lal, =22 ADRALLT, =A27&EELL
IREET Valsalva BEic X A EH X AARARER S & TH
5., Lnl, ZOMEORRELLTTVy ¥+ T
VIHRORET< A2 FTHI D<A RILFELHA
L, #A%¥ 7 a—X8khhd Valsalva tRic X 5 BF#&
EHRFH ENTREE =22 A (514 7€ 4K2
P) OB BREI I,

RSB, FHEEM»LBRERTREEEN
RETED, =7 —FA4 Vv RAFaELl, dLE
BH=734vDr5 FACHERAESR VY FH
LB e, 0B EAMIERATI0% Y 0, max & H#E
Xhd, ZoOXMEELCEMBINBIFEFERET R/
DEET6 | BV A T5EFOERAER

R, 1ATA TTRI6STH AN, BEENOLER L
LB EHTTHEEREAEMRINSATATTR 25 &
7th. UL, AvRF sk, BEHDO=ve v 7
FEZEDE LI ) (M8)RATH > THERHOD S
LICHE TS L TFHRIRBOCREREBLLTHE
HTH B,

BERYS2LELATL 5RATADRE K
<, MREAEEL, GIZ0TDORAL VL EBIEE
EIIEBERFL A, AMETE, 2EEOMEBED
PRER T, = FA LIXINBRR L IERHE L = 7
A2 X DERT R, BRIKAE S EREBE~DIXD
R EETH B Enb, EF A2 0MBHELFR
BoDa Ay SR T EREFTHIMEHD
KOBENETRERL R EHAL, MBHREzEDSH
L.

BEECEZERVWREOBREEERXZ T T4
B, fFEEEFISATA X D 8ATA o&HEHICR VT~
VoA, BEFE BEOREIAXBATHEOLL,
F0oR S L He: Nyt 0,=52.5:40:7.5%& L
7.
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MEBES &G, FEZE0BELCREBEIhTVW5<
va .y 2ETzUR—2 —KFERLTED,
JHATMET . BEVARERL 5 KRR PRER
B, BRTSKOEE T AXHAVT LS, BERK
ZOERE L UMEROFREXERL, MER, B
ER & $4ATA (3 kg/cm®) &L, ZhUTOENE
BETTREKEFERTAE L L, BEFORR Y
ALELTIE, 25ATA X VBELZR VDL E83E 2D
ha, BRBER, REEDTFHLBERBOEMRT
FlERD5B, ek, BTOEELR EMOIZIbLED
RWEBERERID AT WD, EEDOFy — v
VEBTRIIDI EADEENLETH S,

MR A EETE I LI AIFERNDET~DE
211, 3SBEEFAEBRAL, =227 AREEFLR
BT, HEEERDCZ vy € v 7BRE X 1T 7c08, 1ATA
L6ATABETOEE TR, L ICEAERERRADD
nichotc, UL, RAF AEKE BV L6ATA
BETOMFENIATABE TEEL WV A AEBICFE
BEJIAMET L 7.

ey

F&o

APRIZE b, {ERTIEBELE A - 8ATA ¥
TD=a—<F v 27— v LIERTRETHBIEND
By, VERZDER, FHERNIXENLS L, TOHH
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