20054E3 A 24H

(=% Ay VNS

BEDIKRIRBICHEITEE

REMFREREERANTE

B BXR[ENLE (BXBF) - TAFET7z0-58]

WBEE - RINAE LAREME

-k ) BREfE¥. —2—-vFv I sr—v>, BE. HEEEEME. FF1IVIR

Evolutions of compressed air works and decompression procedures in Japanese civil engineering

Michio Ishii

Shiraisi Corporation.

This paper addresses a brief history of compressed air works, pneumatic caissons, decompression
procedure, statutory regulations for compressed air works, periodical DCS data, oxygen decompression
in pneumatic caisson works, automated pneumatic caisson excavation system and helium-mixed gas or
trimix breathing system that permits installation of very deep caissons in Japan.

In last section, some subjects on decompressions in pneumatic caissons are presented.

Compressed air work, pneumatic caisson, decompression, Automated excavation system in pneumatic caisson, trimix.
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Fig.1 Rainbow Bridge in Tokyo Harbor, constructed with
pneumatic caissons.
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Fig.2 Rigging and sinking of pneumatic caisson
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Table.1 The first compressed air works in Japan

* Maximum pressure : 16psi=0.11MPa

* Compression time : 15 minutes

* Time per shift maximum : 3 hours

*k Decompression time :more than 15minutes
(The procedure is uniform rate of decompression)

% Size of diving bell : 10.8 X 7.2m(rectangular)
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Fig.3 Decompression profile recorded on construction of
Eitai Bridge foundations.”
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Fig.4 Compression and decompression profiles on exca-
vation for Tanna Tunnel(Year 1926).°
The straight line running toward upper right-hand
direction represents compression speed.
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Fig.5 Examples of decompression profiles.
The working pressure is 0.3MPa and the bottom
time is 60 minutes in all cases.
Legend : @ Eitai Bridge
@ The first rengulation 1937
® Revised regulation 1947 interpretation-1
(3-2 Revised regulation 1947 interpretation-2
@ New decompression table 1961,
N.Y. : State of New York, Dept.Labor, industrial
Code Bull.22, 1938
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Table.2 The first Japanese Regulation for Compressed air work
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Revised Japanese Regulation for compressed air work in 1947
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Table-4 Extract from reference 9)

10-19. Rules for Compressed-air Workers.

The rules of New York State (1938) governing the time of decompression are considered
to be quite satisfactory in protecting the workers. It is specified that decompression
must give a drop of half the maximum gage pressure at the rate of 5 Ib. per min., the
remaining decompression being at a uniform rate of such value that total time will not
be less than that required by the following table: !

Gage pressure, pounds per square inch
Average rate, pounds per minute (not more)

0—15 15—20 | 20—30 | 30 and up
3 2 1.5 1

used except in case of an emergency.

For example, if the maximum gage pressure is 40 lb., the first 20 1b. may be dropped at
the rate of 5 Ib. per min., requiring 4 min.; hence the remaining 20 1b. drop will require
36 min., since the total required time is 40 min. Pressures in excess of 50 1b. may not be

The New York rules provide that the working time is any 24 hr. shall be divided into
two shifts under compressed air and an interval in the open air, as follows:

Gage pressure, pounds 0-18
Time per shift, hours, maximum 4
Total time, hours, maximum 8
Rest interval, hours, minimum 1/2

18-26 | 26-33 | 33-38 | 38-43 | 43-48 | 48-50
3 2 1+ 1/2 1 3/4 1/2
6 4 3 1+ 1/2 1
1 2 3 4 5 6

1 State of New York. Dept. Labor. Industrial Code Bull. 22.

1. 5kg/cm*F Tlx1.5/0. 3= 5 5 T
EL, EhD1. 5kg/cm?% 3 DIZX 5
L, (1.5-1.4)/0.1=1 %"
(1.4-1.05)/0.15% 3 43
1.05/0.2% 54
A a4
*Fig. 5M®— 2 : Table3lZBWT (1/2) x3.0=
1. 5kg/cm*¥ Ti131.5/0.3=5 53 C
WHEL, BEhD1. 5kg/cm?Z1. 5/
0.1=155"CTRIET 5. A EF2050D
BRI E %50
*N.Y. FRDOEZ HETable20E 2 %P HTES
LIREL, MBIERHZ4555ET %,
w®AD (1/2)x3,0=1.5kg/cm*E TiZ1.5/0.3=5
STRIEL, BYDL. 5kg/cm*Z245—-5=5
G3FT—RRRBIET SDT, Fig. 5ON. Y. 1
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BB PR e RS 5,
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Za—RFvI =V THEOMEERIER L ZDH
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Table.5 An example of DCS data in 1958: ;I L= (A AR AH - BFE) 0
FEHMPa 0~013 ~0.16 ~020 ~023 ~027 ~030 ~033 ~037 <« #EZEM

b 0~19 . | 20~24 25~29 . 30~34 35~39 | 40~44 ; 45~49 ] 50~54 | &
s B0 |mel |, mels | selke| | Beins , welre L, selkel L selne L, seRs L ww | Re| L, -
TN Ra kB ¢ [KAEE * Xake| ¢ KaEg * (AakEg] % [KajEs| * [Kars] * KaEE * | X | wk| *
P, 230 0| of108 1{1.0 34 1|29 46 9200 23 1{43l ® T | % Tl w 7| el 12l 2a
P, 268 0 0| 56| 1|1.8 23 1]4.3 21| 2{o.5 34 3|88 210 2y19.00 m T | = T | 423 11| 26
Pa 227 O 0}128 0|0 32 1 3.1 22 5 4_.1 72_ 10 {13.9} 138! 22 {15.9 86I 23 ]26.7 61 | 23.37.7). 866 84 9.7
P. 3211 0] 0]z00f ofo | 43 1{2.3 22 3[13.6] 81 4 (4.9 13917 12.2] 91} 4|44 = T | s 29 3.2
. B s ojo|lxwx T |m Tlm Tl T|® Tim T|x:m T | 48 of o0
& & |1e97 of o 48’9J 2 I 0.4 132f 4 ] 3.0{ 211} 19 [ 9.0 2101 18 ! 8.6 298| 43 |14.4 177| 27 |15._3 61 |23 |37.7 3075| 136 | 4.4

Fig.6 Caisson shovel & soil loader
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Table.6 DCS data in 1980era [ By Mano * 19941¢] & by Kondo(2003 4£)

£5 1980~1985 1986~1990 2003, KE ko xb
MPa(=fsw) BAB DCS DCS BAB DCS DCS DCS DCS
B % RIEK % BAE BEXK %
~0.10(33) 10.208 0 2,675 0 6,373 0 0
~(0.12(40) 2,032 2 657 0 1,154 0 0
~0.14(46) 2,768 2 741 0 &t 1,226 1 0.08
~0.16(53) 2,152 5 0.16 1,341 1 0.13 1,259 1 0.08
~0.18(60) 1,714 4 (15/9,649) 1,355 1 (7/5,310) 1,313 1 0.08
~0.20(66) 983 2 1,216 5 644 2 0.31
#(5/5596) 0.09
~0.22(73) 743 9 2,947 12 700 0 0
~0.24(79) 489 16 2,348 12 # 335 2  0.60
~0.26(86) 665 9 1.37 2,023 21 0.83 1,307 15 1.15
~0.28(92) 1,287 11 (49/3,586) 4,326 13 (195/23,470) 1,641 13 0.79
~0.30(99) 402 4 11,826 137 2t (30/3983) 0.75
~0.32(106) 212 9 287 6 o BEREBEEAET,
~0.34(112) 57 0 16 1 #t H&#RHIZ 0.18MPa 75
~0.36(119) 25 0 3.06 36 2 2.86 BRI LT,
~0.38(125) 0 0 (9/294) 11 0 (11/384)
~0.40(132) 0 0 34 2
0.41~(~135) 0 0 77 1 1.30(1/77)
Total 23,737 73  0.31 31,916 214  0.67 15,952 35 0.22
P>0.10(33) 13,529 73  0.54 29,241 214  0.73 9,579 35  0.37
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Fig.7 An example of DCS data in 1965 '¥
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Fig.8 Oxygen decompression in man lock
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Fig.9 Effects of oxygen decompression '”
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Fig.10 An example at a very deep shaft
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Fig.11 Personnel servicing excavation equipment in the
working chamber (above) and control cabin on
mixed-gas breathing system (below)
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