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Experimental studies on the moisture absorption and
exhalation of the finishing materials in the room

Goro HoRrIE

Abstract

In the first series of experiments, the varying humidity of the air in the model room
was measured. The results showed that the variation of humidity depended mainly on the
air temperature and moisture absorption to the wall surface, and it seemed as if the ven-
tilation (4 volumes of room per hour) would have very little influence to the amount of
moisture in the room.

The next series of experiments were performed on the measuring method of the
absorbed moisture in the materials. For this purpose a closed box of sheet iron and
remote weighing apparatus were adopted to record varying weights of the material in the
box. In this box the relative equilibrium between the moisture included in the material
and humidity of the air could be accomplished in several hours, while the static equilibrium
in the space of constant humidity and temperature was reached in some hundred hours.
This was due to the fact that in closed space, the humidity of the air defined the moisture
volume in the material, and at the same time the moisture in the materal determined the
humidity of the air.

A linear equation could nearly express the relative equilibrium between temperature
and moisture allocated to the material and air in the closed box. DBut then the equation

was extended to a more general form:
(w,—w,) = & (9, —¥) — V((}1“(}0)

w, (gr): the moisture content of the material at equilibrium in the air of which tem-
perature @, (°C) and relative humidity ¢, (%).

wy: also the moisture content of the material in the arbitrarily determined standard
status of the air, of which temperature ¢,(°C) and R.H. ¢,(%).

¢: the unit amount of moisture increasing in the material per one percent (1%) varia-
tion of relative humidity of surrounding air at constant temperature.

v: also the unit amount of moisture increasing in the material per one degree (1°C)
variation of temperature of air at constant relative humidity.

¢ and v were the characteristic constants of the materials and determined by their
sorts, sizes respectively and by the ratio of the areas of their surfaces and volume of the

room.
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When ¢ and v were known, the relative humidity of the room after the air temperature

had been varied, was determined by the nomogram proposed.
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Fig. 2-1. Humidity variation in the model room (Empty).
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Fig. 2-2. Humidity variation in the model room (Plaster boards).
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Fig. 2-3. Humidity variation in the model room (Insulation boards).
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Fig. 2-4.  Moisture variation in the room (Plaster boards).
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T DIBE 0, MIFEAETIC 0p—0, IGELTWT, 32)X &b
7, = 0.01~0.02
ERBTEWHES,
TROBERIZEA SRR EET, HERDOKESEOBKIL 95% Y Lok
HRICE>THBEDTH B,
(S/4) D Hé& (9 3-8)
BEEMUSUTHNESKOBRIRE LT A2 X 5105, TS EOIIK
HMA LI, HETK60% fHikETH 0% 24 LT 5,
(S/8) 4 (1K 3-9)
BAREEOEIIREICRE D, HAPARLKOMRIT LAFBICI - TZy bl
BEDIED, T DESEB X ZHED 40% FHEED 60% (1 TH 5,
(5/16) o iy (1K 3~10)
By o 2% 30% HiBEDS 70% 1€ &5 5 8, #EOEREMICE MDA & 2575 72
DRBPGRIC BT 2 TSI B >TE &R LT

™8

o TIbhBHEEIC >N, B
WRESOEDHICESMOHINBENE S FTNBE L EERT,
V) o4 (K 3-11)

BRICHERE Ui & 5 ICHBE IS B OB BIR S S 21 &b o9, HE & RN &
MELIRD, —RUTHEEANTZE EDIEEHBIHES,

& 3-12 (1) 3 HEhh % 0w, Hilili% 0 & LT S~S/16 $TOLBOFMUEH E AN DT
CORMWERTME, doMEDBTHE ¢ LT EE

<wm
=

tan ¢ = T (33)
”<m>
ERM
aa7n agl) aoa —
ot ot T o < 0
ThHoaND
()
1—tan® _ ot (34)
tan ¢ < 89, >
ot
LichioT

@)¢=%—@&%@@@Eﬂ@o&m@Mﬂ@@ﬁﬂﬂ@%%%%ﬁ%@%@btoWMwc
LERT, (SOEE)
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(b) ¢=tan-? —é— D& &B)DALIT L L VFEE HEE OBRES IR 22N 50% F°
ThHd, LEBoT@OEBEEDPS D)DEAT TRHMEOBRIIIA X,
() mcmi@%m*mkdﬂibé HEENOWBEROFTBAREV, ¢=0D & & MEHICH
%95
Mﬂ®ﬁ%é&um¢&®%%%ﬁ?&QH&MZ@@(T&oT,SB%&USM@ﬁ
ZUTREZBSICBNT tan¥=1 105, 3L OFRNER 0512 m?) it LT e
BHGEZ USROG RS RTERINZE D2 = FF vy 7 2D BhDOKRE S @B LZ 245%
245mm THEEEZOND, S/16 DS tan @ OB K EZ LB >TDZDIEKDO & S 1
KEbdbnsBbha, diht S/I16 Ui

OB OBKIEE S/8 OWAICERL, L
MHo THEEHREO TOAF 2HBITHYET 5, (R 220

35 13°C T334 g/m?) chicxt L S/8, S/4 E .3
O H T BA RS D BIR R IZIZE L g 28
WV, (RS 14°C TIRIZ 172 g/mY) THBENPD & ° empty ¢
D= FFy 7 20545 3—IEOTET1DR ; ° °
R, BT D0 T LB gt § L b
CEOSMTHEEHA BN S, Frfilin o
D it BRI I 2612 D 10 T S/4 DLEH) 3 .
0.05/°C, S/8, S/16, N ® & i3 JLiciy 0.10 o
gfCTH5 (W3-13), LichioTHED S 1 T eninun cuscenso of Temeratsre
bHE3HRABKRE010g/CTHA S, Fig. 3-13. Variations of temperature and

CRAEEEDTOLIE, weight of material.

(1) SOBAREGA LN IEZAEDWINEL D biGITK & CIIRIE b > TV B 720, Hiutic
Wiz 2y 3 Lod 8, RO & THPWBIRMEE —E ISR 51 2. T OHR/NRIZHK 3/8S

(MAIZSIEYM DI LT 024 m*/m?®) 1CH% 3 5
(@) MEOAREIMNINIDENAILREEHHSWBEREAET A LI EE, £h7Th
HIERPHACEOMREEE —EICR > EBHETEERISECTEH LR LD S,
S/ @& xFHE l@&wmjj BIRAETHRLTOED, MEREBHRNINE
SBoEERMFELIEFTEELONS,
(3) HEEBOMPAMSKE LD, T@MEOREEI/NE (I -T, WEA OB
WP IR BREMATLED &, N~ FFy 7 2R3 2BOMRETFHE S, ZDRE
BELBOBREOHN2MH4ELSL, COBRBTREBEZMAD/NZVERHICH LTRIZEAEERIK
WA LB OARIGBIIRBICIE > TIN5
HEERCDISBW2BROMAEE LT, LOPMEICE DI 2EBICERLENEDD
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HbHEEDbNS,
(4) EIBORANICHED EERBBELICHETIRGRIC DO TIHENENEHBAER
LT EMHEETD,
6) QXS UHEORBGRIC OV TR HMBE R AHERRE, F 1XIRFICE LTWIRE
BIZESDES)ITBOTRELEONEBY, LN THEEDLDNOAMER LTINS LSI
RIBICH > TRBICHA LEHEZRFLTHEHDOLEDNS
LB LUELREREEREENEBZ LRBICBODTREGRETR->TNS & S3REL
D CICEERLHD, VWhRWIEATFY VYABRRLNALIICNK B,
§3. 3 1 (1) #BAMROREZEE S ERE o KEE ST 2 KRBT ORI, JEEKEET M
gL, %198, WRISSETA.
(2) B o BT BREKOBERG 20T (AL 110), BABREPEARURES
%60%,Mﬂm3¢10ﬂ
(3) Ve ERS AR &SV T R - 1LA), BARSESES ALHETERE 14 @
jﬁ&:ﬁ &, BHF 34482 H.
(4) #% l@J&i@jJ B 2 SEERIIBEE (L - 7o), [k, A 15[E, M35 E2 A,
(5) BHERC ST 3 0RET 2w T (WL IH), BARBMSSEARCRGE, 56645,
AF135 4210 A.

§4. HAZKEHBEOKELKOHTEE

1] M FERROES

HEFNICRB Y 2 UK ORE SRE S DHERBEAR, —ROBNIC YL TERERREND
HHROBACHYS T 50, A0S 5A4THEBROZNENMEOEERBIIHTIC K 27K
SHH O HICREEE T, CLABUNPSZRBOWRIED S 256 OEBMEORBICE B
TAZ ERRIEHLLECATH S,

§3. BN TREABEMICHEE AN & & SEHRRIBO & & & 7o 3 SR IC IR B2 E &
ZAUE, TR &SR & BB R AR T 3 b0 & LT HERRAE N,

LPLZoL&Edb Y 7 17y 7 20X BHRBRED & DD TR EOFEICKH U TRAER
BHTLEHEGE T, HFICGREEMOAVEIIICH 2553 CORE SHHNKE - OBRE
MR E LB g hERonc L2 R LTE N, M4-1ARBA Y Yalb—va YiR-—
F, B 77y 2= HOBEATH D, (A)ICBOTIE 0—0, BNCTE U FBHRE,
ORI BTy iim e FE L D 20K L B ICEBON TR 60—, BRI THE R
s, O—RIL FUCCE LR iine TRI2THA D C &itbh b,

U7e Mo T 83 IC B TR U7 i 5 O # B 4 7 i3

Suw = CU+D

BB CIBEMOFOFICE > TR UM BHC DO T O 4 Dz & V200, ThE
FENCEAT O—2> DRI E LTERTT L T EMNHRE I -T2,
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Fig. 4-1 (A). Variation of the temperature and humidity in
the box (Insulation board 7).

6 [
(4 63
201 20+

Temperature

Temperature

4

N
T

2 i Il L PE I . i 1 RH
é 8 /0 72 (3 4 50 b0 70 70 (%)
Absolute Humidity - Relative Humidity

Fig. 4-2 (B). Variation of the temperature and humidity in
the box (Plywood board B/4).

FHEOFERIC OO TEALTAHATHREOHEIL 8IIC DT 10°~20°C DIRETH 5
O, WEHOR O M ASEHC I & 1 AR, & LA B B i) D i i
BHEERATHAD, LEDNoTHONOLNOMBLEELT 2D §3 KR L D MREERZ S5

ZRTHDE0E, HMARKHECHLUTHHOLD S 2EHWBAMRES AL BENTIR TR
ERANAR

L LIRS N E THREAEHE & ORI HHOME D RicEKERRICL->T
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BN E LTh2hbN Tk, LB THEEZED S FR0BERMZLTEAS
N, HEHOEMBILX> TEEE S TRNEHOL EIEBRFEINTHRDOTH 5,

L LZDE 2T~ 213, bRbNOBAOXIRKHBICEATOKERIBLERT HE
FBELTOMBZHMBILTAESEZ0EE TRBIULBODOT, b FTES, MEEE
OHERBRE UTBEICEE LS S RET O EHOLENBRIESNIE L TE, BHAE
DIFFED I DRI BB DO TH S,

WEMAEERFEICONTEL TS B, H42B0TA, BELTHTH-EL,
I<OITBOTHMNELRDNTIRE 0w, HENONKEAWER Sw TTEHLTHE5DET
B, BOBAGRAL CHRE 0w OESEBRE LD TOEN, RAEKREETH L5 du
b S bRETH B,

=0 BNTHBE mEZHRICANS X L& SHbhORBEZHET L LU LAR
B2bold s, TOLSHHOEMESE Sno & U Sne & T LIFFHBRICEZNET B L,

% A

A DB I<O ITBNTHHN DA KIE

S
&) .
Totail amount in the box
. 4§ does not vary, A
T

S Moisture absorbed
in materials Sme

Sbe
Moisture absorbed to !
5 ~—____wall surfaces S \V m
: AN
S, Moisture in the air
SAa'—‘V-O‘Aa s
’ *®  the Closed Box
=0 273
initial state equitibrium
TJotal amount in the
box varies. B
5 ——
@
Moisture absorbed |, \[h]\
T in materials Sm .
Sur @m Humidifler
s Moisture absorbed |
" Qbs b
to wall surfaces
S Moisture in the air the Condition of
(5u=\/-6‘.. Vi, Constant Humidity
t=0 HUA)
tnitial state equliibrium

Fig. 4-2. Allocated moisture in equilibrium.
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V-0a0+S;,o+Smo =S

LD, COSEBRICHLTH L 3 BOLEMPRBS DGR 2RB T Th b, £D5M
%

V-bomt+Sim+Smp =S
ETNE, 3HEENEFNOE DARLAERRMO I I WM E . E D> QLT s &
Icis 5,

L U B OB G @ MR D8R SO B0 U T & HIN B ROWEIRIERIERICK » T ALY
BINTHEDS IZ0 0BT 0, BLU Sp BEALLRW, T30 B BT MG 2SI
Bhhic EECKET, HRICRE 0 (M 00 OZEGICHELTH 5 & & O ENRE Su
Wik T 20 CHb, LEB>TLDOXIRHMIEICKEDHTE S & Sun & OBICHTEE DB
ZRMTCERBEMTH > T, Supil 20 TR ELHOEMNBEHINE TR SN,

[2] FHEBORE

FPICB N TR QKBS EZIET 5 b ORI B X OB O SEPRIRIBIC B 1 5 6
HMTHIINE D, COGWRTEED S DHRETIE  [RIFHIC & @ BYFR I EE 33 Gl B
KEo>THhELEDTH B,

MEOE S OZEMR BREMATRINCE o G SN T 205 e N TRED
BV & OBIRERES T B C &SRS

] @
“c) )
E
@
o )
® o
- <
2 2
fe] =
= & 201
a [t
£
i
-
70 1 ' s :6;‘ 70 . . . t Rt
70 72 /4 76 (4) 50 60 70 &0 9/(9’)
Absclute Humidity Relative Humidity ‘

Fig. 4-3. Variation of the temperature and humidity
in the box (Insulation board 778).
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M 4-3 320 LI CHPELDOME & BIFH
T X (//{'/d Wi E oD Jj\'ﬂfx 03[ H %7\?0 i
BliA vyvabr— v a K~ F 200 mmx100 2r

3 FWesw

mmX1Z2mm Thb, HEOLERF§3 Kkly
BZEEILETA0mmX40mm A= T LT3
WEZIE TR TH 5, WINHUWIIHET
WV IETEZE LT oid b OW IRz 1D T

56, MHBOSEEOE EMBILEEZ
T3,

M A4 F B O TR (T8 B R
&, HNZEROMGEE, g & oMfe

L 1 1 |R‘H
T ; g 50 &8 70 Fo e
. e g ets tati Humi di
C e EIE B O TR 2 & PRI & Felative Humidiey
3

DHFRICE N TOHRE LICK B BERR LN
TG I DO TR MBI HE S TT L
WEEPN S, M4-530ANA R TIEW
HAEESTHRBAETHZ, cOXIEHENC
DNTEHETHHREE SRR S OBIREEL o

7 inEd s S - b /'ﬂ /é /I4~ /6 (3m?)
T RaTHAD, Absolute Humidity

variation of the Yeight of Material (O point determined arbitrarily)

M4-61ciFA4vvarb—varyf - FoO% Fig. 4-4. Variation of the weight of material
3 Insulation board 778).

Y4 Rie & B TR Z A & PRI & OBRE <

T

§

)
ik DBEANEHEMEDICED 2 RED 8 Y|
=
EALERDO I DB eI LB Lic B, 5510 {?
RO BEEEA>EREE D~ .E" .
R D W S T e ) D 28 2 2]
A4 3
S /
ok A iﬁmbai‘ i )] IJJ'[T([ hFéo %
j_% & 4‘4%[ OJ =) (;II}' r il‘:/ NOJ[J\HTN('HI oy & 0) I/ E 940 5'9 f;>
BB OE L C % O BIRIRIE & SEAE L Relerive nunidity
Fig. 4-5. Variation of the
KD ETED, WBIKE > THELOHREED weight of material
THRET B O35S, Calcks THELL (Insulation board ).
g } n B 14 . Siaf .
g, W0 By pics zmanienzns T g o g a5 2.

L L= T ORBEZC I B RER ST s LRk, $48Dp5
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Fig. 4-6 (1). Varation of the weight Fig. 4-6 (2). (Insulation boards T74).

of material
(Insulation board 772)

We
o ¥

Relative Humidity

Fig. 4-6 (3). (Insulation board 778).

Lok E o n o AN

w
PR LB AL R S T @
) oV S £
T ARG BE D ZEA BT XA 2 constant
N ° T humidity
7 ol ‘-
B> ] R 74
Lk, &l BATICBOTHE 3 |
. |
OEREE, CNETANKOMBREEENA / |
> Lonstant |
JICTH LT & B R, CORKOE KT 2 oo ’ temperatures
g < FE A S 1 - ! - !
BEABOTHRBEDAELESEETEE ? !
i I
A~C 15 B REB%E b, ! .
i l
ydid: IR A Z 1N TRIED B A A ée[at ive Humi dltzy #
e dThiE CoB EAREAE & D B Hflckn Fig. 4-7. Variation of the moisture in

the material.
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di crte
BBV BT 5, S BIETGICANE < Ty p
LEADNAHLER, WANABREEEG L ” e
& DO/REHHEWRIGE L LB LN D, 20t
30T
CoEEDAC I o & AIE—CHE O N //
WEBEEODPNL SOOHEB LT 60 § /
EEZTED (H4-8) (1), g,
LicB>TNU LR35 21cE->T 2w
3
BRCOXIWHRFELRMLTBL BEBS &
%, 2
- e s RH
M 49 BRIE—ETHANAGBERREEY S Z Y L7 700 (%)
- , ; o Relative Humidity
- Tan B E T ANWAREBERE A5 7 .
rhit e, BRRE—ETR AN ATREAE S AT Fig. 4-8. Moisture content in “Hinoki”
BEEUDOTEMTERZRME LSO TH L, B boards at constant temperature

e e 1 i B . (by Miyabe).
RBEEEFOMRRLIC B DTS, HE

FEWDVTRAMBE S 7, CNEA v valb—va YEe FBEBICEEOEBODINE
BUCE T 2METH 20 L, HEDLBIM TSI L b0 & LTZOMRMAETRM LT
WEhETHEBLE/DNE, COEE—SEREMBIEL Lo ERONAREICIZILS M
TOBROWEILLINETPE O MO THEPELB L EREMIRT LESREHcETs L o0
5DF 10 KMZC A THoTH BT ENbhot,

FTRDLRE I CCICTRELASE f(mm Hg) % & 22K P I F R A B hh TEHPR 8

w
k4
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k]
5 B
= x¢ o : 244~270°C
] al7 2 . N
= 220 #845 X i /98~ 201
@ & 27~ 155
™) 4
< X2 .
o 2 Numbers are the order of experiments,
.::J 7%
2 s A 1 L (RH
2 40 7 60 70 80 %
Relative Humldity
o4
&
el

Fig. 4-9. The weight of the insulation board in equilibrium
at various temperatures and humidities (The same
test piece).
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