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< Abstract>

What is attempted here is to find out an optimum methcd for the design of physical envi-
ronments that could save human energy expenditures and safely perform household duties.
There are, if any, very little amount of research done in this area. This is particulary so
when the work relates to the designing of household storage facilities in the light of the
energy metabolism of human body. The first step to this study, therefere, is to find out the
ways by which we can determine the energy metabolism of human bedy accurately. To
measure the volume and the concentration of human respiration continuously and automati-
cally, a new apparatus is selected here. This includes the recording system with the Wright
Respirometer and the Expired Gas Analyzer as well as the computer system to multiply
volume by concentration of human respiration and to integrate them for a given time.

Then, the author experimented on the reliability of this apparatus and came to the concl-
usion that this apparatus satisfied our need to research the energy metabolism of human body.
Next, the general plan and procedures to experiment with this apparatus have been determ-
ined as follows: 1) subjects are three young and sound females. Their physical characteristics
are shown in Table 1 and most approximates the standard characteristics of Japanese
females, 2) height of open shelves is selected in such away as to correspond to the respective
height of each subject(see Table 2), 3) utensils to be stored are box shaped object, which
weight is 0.5kg, 1.0kg, 2.0kg or 3.0kg, 4) working motions are given while one or two
hands as to place utensil on each shelf from the standard working board, 85 cm in height
and then to place back it on the board from the shelf and repeated in constant velocity as 10
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times per a minute, 5) each posture of motion is chosen by each subject in free, §) procedures
of measurement for human energy metabolism ard shown at(6), 1, Section 3 as specific met-
hods for using this apparatus.

Findings of this study are as follows:

1. Human energy expenditures for storing utensils on shelves by each subject are shown in
quantity more accurately than in any other studies, under varying conditions about height of
shelves, load of utensils and working motion with one hand and two hands (see Fig. 8~13
and Table 3). ‘

2. Experimental formulae of human energy expenditure for that work are shown as form-
ula (8), (9) and (10), to generalize results of . and to apply those for working motion under
given conditions.

3. As results of analysis on gained data, we are able to show the standard model of human
energy expenditures for storing utensils on shelves by the standard’Japanese female(see Table

7 and Fig, 14).

I.

g:*

L & B# ¥ By

FHEEF 2 Fike] Rugoll A 4iES MERESE
o5 LA A7 2 Al REEGA G9EE
BHZ ¢she Ao2d 32 Wee 34 S
RERE, RER, H4EF, RFY 5% itos o
ol A 4 ok ole @ FwEEEY S
FPRBA w2t AR 2= KMEEY ST
At HH, KiArEEY —imd 9oz 2
A Pl el fegets - o, = pe
BEe AL 2o Lol Eopd KiNE A, B
Bol 2 EAL %o Toll, MEEE) g RY
TH A& A Fhel, EEEM He X
ol AR E I sk Aol aF4e] Hojgho,

AF7EA REERE FEAd A WEE 19
HAZ B ERNA A= 1% MEHE A
= o[ F Longworthy(1920) Lanford(1920), Sw-
artz(1933), Bratton(1951) S s o 56l
fom, 53 1940duE A Fe] ARMI&SHQ
W7t Bsted A A 29} o Wi ofs} A

AU A RRE A gea st FHoz {EF ,

KRR, ARAEY HAA Fkel A gk
2o iz Bl MfRrEES) fEREMS A E
EeE PR et Zelis dErh

A ERES WEE AU HBESR i
Rel 74 ¥4 J9E #Awt, EHERY T
BER R WEH A A Y, = SHK
B e AE de4, R LERS WE
o] BHAslel ot E MBIl A% £HAY F
BRES Tie WER, 23l dvhdt o8 A
o A Y AL RERE 2 AAE FHB
e AL ErbE Fha, o] AL BESH o
AlE £ HERBSY 44 g4 =k
7HA Q) A 4 L8} glieh

olel & PFEE A2 RAZA AAABR Wk
BE <H3td, 2 gBmELE (FEEY, AWE
BAE 2 Bohda Eoldl WAk Miifege] oy
A BRES Tabo, Kindare] SEarEle A
BHE de A& A 19 BReE stx, 87
A REERY TR HE=24 &d A
BRES HE delA HEG 849 A 7
FE Y EREE Av T WEHSEY FK
BelAd A8 M= AL WEREY FEEE
AEI}E AL A28 Ao E e obgd K
FESEA A Tt al elvix] HREAA RBAE
BEste, FlddEeld A FAMA A
BfERE ERBMSZ EY FEHLE YA
HEEo=2A WA, oA it F9 MKif
ALHES BREETEIS] RE T AL A A shesldd
F W BRE et

— 156 —



B Mol Rat KR A4 N ER AR 3

9. BAHATP BN

19591 o] E.C. McCracken $-& c}Zeb 4 (Do-
uglas Bag)dl] MER-E #Eetd, 19451 o] Fol A
uks) Miler ¢] Respirometer 8} Pauling % M
KHWBE RS oW, d3F3FY &Rl
ke o], o] gE A dHAFF A el
WA BEES T BBRHREAY, o] A4 &
BRE] EYAAE dAu, KES (FEE
e AlFHE AR Jred 24% Y=, 3
FalA HBHeE #Ersd g ¥d. 283
196510l FHEEFS ol EF Addbpelst BERS
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E B, WEokE Sl 8 BRERE
7+ R.M.R.(Relative Metabolic Rate)o]4] xr}
B Hol & Ty € WREAY, ERERIZA
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= N =

wex | & m |y R |w ®m [T OFF| daza | TEFD | rax
A 225%, 157cm 46kg 183cm | 127.8cm 99, 2cm 43. 4cm

B 30 154 64 178.8 124.5 94.1 40.9

C 37 157.5 50.5 183.2 129.7 100.5 42.6

Table 2. J8AON HAS WM EHEO|

s | £ T [@awa 3] aa g | 2% v | FEE | w4
A 183cm 156cm 128cm 99cm 43cm 10cm

B 180 153 124.5 94 38 10

C 183.5 157 98 43 10
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Table 3. Mefgdebizo|2t BE 1ke Y 15MHAML] dlLHX| BB (B : keal/kg-min)

ST @ & % +
g
m o | os | 1 | 2 2 [ 0.5 | 1 B |3
10cm 0.095 0.102 0.099 0.102] 0.113
43 0.052  0.059 0.065 0.074| 0.078
99 0.040] 0.043 0.040] 0.048] 0.048
A 128 0.041] 0.038 0.036] 0.045 0.058
156 0.044 0.042 0.036| 0.046] 0.063
183 0.052  0.058 0.053 0.072] 0.072
10 0.051  0.056 0.059 0.063 0.068
38 0.037]  0.047 0.042 0.048] 0.054
B 94 0.032 0.034 0.032, 0.035 0.035
124.5 0.031 0.030 0.031] 0.034 0.033
153 0.029 0.034 0.034 0.037 0.039
180 0.038  0.042 0.050 0.052 0.057
10 | 0.045] 0.052 0.055| 0.062 0.059 0.061] o0.064 0.071] o0.083
43 0.038 0.040| 0.044| o0.040| 0.043 ©0.046 0.052 0.060| 0.065
98 0.026 0.031] 0.035| 0.036| 0.026 0.034 0.038 0.044 0.050
¢ 130 0.026) 0.030] 0.032 0.038] 0.030 0.033 0.037 0.041 0.047
157 0.028 0.036| 0.037 0.044| 0.031] 0.035 0.043 0.051 0.056
183.5 0.037] 0.045] 0.047 0.057| o0.045 0.050, 0.059| 0.065 0.073
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B, (9) A9 pan-wE F 44 goIA, ca
1.30¢] Ha, (9)4NA4

€4’ 1.30-4= 0. 024 (11)

F# -3¢l 4, cdis=0.030% 2o (8)4 o= ¥

Q=cqy.30+¢q’1.30.4=0. 054
[kcal/kg-min] 12y
(BIER 2> ®BE Brl SF&fegom 3kgy €

Table 4. HEBARSE ca BT (Flel FS

W

AgkEelH

0.5kg} 1 2 3 can

|

1.835m (0. 43380. 6067|0. 4333|0. 4045/0. 4696

1.57 0. 4745(0. 7113]0. 5929/0. 4940{0. 5682
1.30 0. 5660(0. 6667]0. 5213/0. 5380(0. 5730
0. 98 5. 3333 4. 0000/2. 9508/2. 8571|3. 7850
0.43 0. 6122/0. 9184/0. 8629|0. 7458/0. 7848
0.10 0. 224710, 2841)0. 3419/0. 45540, 3265

Table 5. HEBWE co HE = IRERS BR

0.5kg 1 2 can
1.835m 0.6934] 0.4334] 0.4334] 0.5201
1.57 0.9490| 0.5335] 0.4774] 0.6523
1.30 0.7547| 0.5714| 0.5687| 0.6316
0.98 3.3333| 3.0000] 1.6393 2.6575
0.43 0.4082 0.6122 0.5584] 0.5263
0.10 0.7865| 0.5682{ 0.4843| 0.6130
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B sl B HEM 4L W KM W 13

AE £To B Eold, Al KivE A4
EEREES, 4 2kge EAE HHWE C7
£Zo] FE o9 Aol Mzt a2 HH,
EWES 79 FEAME g€ TIE A
ok (8)4e A

Bq1.50= Q—B8q’1.s0°2[kcal/kg+ min] (12)

A7lell A Bq g2 ()48 aHE # 4elA
BB FE, clyes=0.4606% Qo] BEHE Bel
= R,

BQ 155+ 2=0. 0209[kcal/kg-min] (13)

4(13)8 g 4 12)d Hsd, QF F -3
AA Ta= (12)E

BQy.g0 =0, 057 —0., 021 = 0. 036 [ kcal/
kg+min] (14)

olsl, B D3t =palbrbxl 2 3kgd A$E T
$Ey Q=0.067[kcal/kg-min]7} =},

A Wil e BirEEES EdskE
AES R, 4 REFEERENA ALRdE
TERES] BIfEZ®7L AY oxslz, HHREY A%
o] & -lell A B ups} o] 154~157.5cm 2 ¥
ol 2l wFel 2 WEMEY T Rstshd
23 14¢] el gl Algste] KRl A
ot H-Rell o] (rEEAA 2 WEEES BFEY
o7 A FHEE Tile AL A4IF%IT
ek 2 ArldAd FgEEg TR 2FH
Fololl glol Mg oz HEES £E FExel
o abehe) 10em ol g EFFxle] HEAY 4
BEME 7ol 2R2E A=) AL HE
L FEE A%, & MWHEA oA Fold=
K dmmeR R A9 whm, ANEMES
=7 BEY B%RE Fu, =T FEAH sl
ZEmASE REox 4y £T BeE HHEA
Aol 2AE Erh olo} 2& BREE Sl 2
¥ Mol JEhiich 296l efrlde] Al
& ok W=0.5kg @ olzjfe] Al AY
&g W=1.0kg9 0.033kcal/kg-min &
Z1ELB gl KM FEAHE HFEFE A9 =
Alshgleh, o] Aubell g MR R#Ee
6% byl YEst= KRR Hd S8 gdo
22 ¥E delvke fEEHEY 1EEY RBES
Totel, EEZEzo] shbd Akl AT KiffEE

= b A A% Knfegd AdRBE
< S Aol Aol Ao

V. & %

AP L K KRt @ s
fEiste]l AA & A= Aus FRARIN B
BE A, AVARBES HE2A, i
T & Aelrh w4 HAHT TRABSH
RES EREE B, AWRs 'R M
B & WEME AAS) A9 AAAE K
Fatglet. oleld HEBREEE MRAL Fol,
Ketreseel MEE ol b BREERE it/

min)& FHn AL WEEY oluBRE

(kcal/kg-min) © 24 A A Y}, o] ERE, #3kK
& BASES e wasted B o) 3 MES =
2 Ao Y,

oldl #RE Fr EERE AUA HEfrgs
A3 BHEHBES VA BEREL EEAHL A
o HEES HE ¢ BEEY WEESE
Fol, thole 4 Aot HEAEEC TSR
e HEE BEsd, 24L& BRBEE Y ¥
Heh ol B BT bl AdHY HEE
o] 4ol ol HEEL Tl Wb AN
o =R, SHBEY BEY JdUABREER NE
(B2 F5 BinddbEel 5y, WER, FEEENR
fRRMAGHES 2g3teld Al A kg ek

ojotzhe AstE 2l el Ry B|EE
Blol o] 8d 4 U7 E AeEe, olgw oz
ALsled (FEE o), B 275 Azt
AE dT7F HARA Aof o),
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