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1. & U & K

BEATIE, KB KEEOMBICK-T, REOBELAKEIEENDD, BROBHEELT
EEERILECABIEDNS, CCIMBT 2EHIIZBOKEIERINL, BICREREELT, FHit
DIREIND, FHO ORBOTHNERTS, SEOKSEAALHEOBERERIZERIAITSH -
72DT, FHOBENDLLINETAND T,

CDw, KBTI, BEKLVIEROAEMEHCE 4 DRKESEOEINRESNS L&D, KEK
OWE & EHE, MERSA~ORSEBKERES, MROBEEROEM~DEFSEHERHLERTERL
7o )

AX, HEHIE, EEOTETROBLESEE>T 5,

W25 (Symbol)

Ts MHElOEmEE Surface temperature of material

To Z K Dew point .

b IKERE Water vapour pressure

bs IR ESE Saturated water vapour pressure

w IR I & Moisture and water absorption

P SENE (X7 3HME)  Specific gravity in air dried (or Density)
I(or L) RBEX Thickness of sample

S.No. HRKES Sample number

() Bl E, Tab. 3 &8 Symbol of material name. See Tab. 3
B, ABEEEDDE, CHAVKEOBRHERICEEOHEEZELI T,
2. HE OB E

MRlERICED 2 KEROBREAEAL 0, TR OEER (3] TR, HEEEZ Dy Dq X453 d

%< a i BE TR -7 AMTHE, REICKEOHSEZRS ETOBRERD LD ICUTEH L,
2-1. E B &

KO A B EE~Z 0K, Fig. 1 O¥BERO, BEAMNTLY, —EREOHIIK (6) &M
OBHR 3) KT, BHFELEICRNE Q) (B 50mm : gk, 1840mm : 2EHH, FS 3mm
OIEBHD) %% Vibnd %, WERROBERE KC) oftfiEk() cHEL, RERe—2~— 0D
R E A U TIRRT 5. MIERROZERRT » ¥ (13) KX TSN, RicALKESE
AT 5o SEIEICE U7k, NEERE (8) LEEME: (9) Kk-T, ZOEELHINWESH
%o 85 () BREHEICE VO, BEOL 025, BAREI TOERTEMR L. BEAZ (10) &
SkERET 0 — T OBAI S HVR, EEEHE e / F6, #xFH, 77 VER, BEELE=VER
Wiz,

2-2. ¥ R _

BHKOERESZBICTFF T &, Fig. 2 IORT &I1C, WERNOREEIISE (27.2°C, 8%

RH) kU LEVICET LY 3, BECETRWHML LIOKERIEET 27120 THD, MEIKER
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L& ¥ 2. 88 3. BHB

4EBBE AR 6 AEH ol HA94 o
7. WBEET 8. 0L 9. FEIRBA S : 10 i

10. /P 1LEGR - 12 gl KIS IR

1.2 BARZ 7v 4. Wikt 8 7 ' @
1. Sample 2. Mirror 3. Cooling box | g 13@
4. Thermal insulation 5. Cooling water j /1

6. Thermo-couple 7. Thermometer = == T 12

8. Light 9. Travelling microscope [r L3 L

10. Small size window 11. Heater ! 4

12. Saturated salt solution :

13. Fan for air circulation ? = L "

14. Thermal insulation 5

Fig. 1 #EBEMRKE

Equipment for observing moisture condensation.

2 B
mc. of specimen Sample sige
2| Temp i 3(thickness) X 40 X 50(mm)
p in test chamber
d: KIOEE
< L2 425 Diameter of water drop
o L L~ - L L - — Y
AP20 w5 T PO R u: ER d oK
£ 6. 28 8. 21" >  Numbers of water drops in
v €16 | lgp 5  diameter d
58 Surface temp, E 0: A
g “;’ < Contact angle of water drop
o = 12 40 o : $
£ 4 RH.in test chamber 2 oo P KIEHMER
g2 L %  Numbers of water drop are
8l 460 & numerous
4r Temp, of cooling water
N L 1 1 | 1

1
0 60 80 8 W00 10 W #0 #0220
Time (min)

Fig. 2 A2 ¥ HZTHHEOKE 2t

Moisture condensation process on surface of maple.
DOWEREBIEEDNT VAT Z2ORPITOBMERTHIOTH S,

(i) Fig. 2 BEBsA 2 v H = 78T, BRicE D o0 il BAVKOREMG 20°C iz s &,
<€D%Ef50%ﬁ%&ﬁfécéwm,Wlfﬁﬁﬁﬁ@ﬁmmb,%Kﬁ%%ﬁb%bé(kﬁ
U, SKROBEZEIRKFFHC L 57D 803 RIBT 5 &, HRREMICHBET TREL (o0 TRY)
DEBVANELT 5o KBOBEE (1 27 HOUHABICETICHE) 251 mmBTOb00Hn 3,
BB T 5L, HRORESVSDMEMT DT bN S, 78 LKL OEMAR, EROIVNM
bEDBEFRIL, Fig. 2 00WRTIHD LTINS B, £ LT, 20035108 bE, HZ7H
EETR, KEEORAICE > T, RHLETHOKERENLCHS XS CERENG, £/ FHET
WKEORES D 2 FHEDEL 2T,

(ii) Fig. 3 BEEEMe=VvOHAT, KEREELLTLbDT, RRANICREZHER L/
(1)&EERUEBT, Fig. 3 OFMBIENT 208, KEOEMA 0 3 H = FHLDBBPICKEL,
KD LD S OFRE, b/ FHORMARICHL, MBIGEY. £/, b2 EDKES, BlEHK, L
PZWICKELBEDOMBR LI,
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28 - o
B - - AT
Sample size
Zzt Temp. in test chamber . 3. .i(;lgl(:(;(;ss) x40
790 o 4 Kl OERE
20 d.2~4mm = Diameter of water drop
s 5 by & niHE d OKiEH
o 16 _ | ‘é " 'Numbers of water drops
T:‘: | Surface temp. 2 in diameter 4
v ) 470 0 kA
g 12} 2 C le of
€ RH in test chamber = ontact angle of water
K R drop o
8l 160 & oo i KIEEABH
L Numbers of water drops
are numerous
ar " Temp. of cooling water
1 1 1
0 20 4‘0 ) GIO 810 100 12IO V:O 160 1é0 200
Time (min)
Fig. 3 WEEAC =V EOBES 0+ 2
Moisture condensation process on surface of polyvinyl chloride sheet.
(A) 2r (8) _
o .
8 ° ok . / A (A A5vHnzFH
o Maple wood
6 o 8- o (B) Bt =K
d 9 Polyvinyl chloride sheet
z |l z 6 AEOBERI 2mm LEOSOT, FBIH
JSb 13 120~160 430
) Diameter of water drop is more than
|l il
2t 2mm and time passed 120~160min.
o440 B R R
U (“Weec) V(" ee)
Fig. 4 7J<(‘FE& (N) & E# (v) DEE

Relation between numbers of water drops (V) and speed of air current (v).

(iii) Fig. 4 OEBRTE, 7 7 YOREREEZLT, AFhE OEERICEE BT, 7 120~160 5>

%, EEH2mmP OKEORER I,

Fig. 4 (A)Ic X3 &, FuHs 20~30 cm/sec Bl FIC18-T, 01 Tokiin

[Rod2s 0 KOKREBDIED DB L,

T& A5 L0, (BT

K S S 2MAERT, BEOHELEREZHATEECH

D, KEKEZGCREOHELLNE, (ADOHZFHTIE, KBOEBRIKESRICERTSEELS

N3, (A) & (BYT N OEAEMNERL LD
HEDIDTHA D,

13 KK IR T & 2 Bk RE SBUktERE OB/

Gv) Fig. 2, Fig. 3 Xb, ﬂiﬁﬁ@wﬁféC&5& AEHA OBERRESIZE=EIED,
AKJOBEBEEIC—H LT 3. W ZFMILE, 57 YEFRETIE, < OHICHE S EBEMAmAIAVNE S

70, KiEd L dkbuhikE227 5,

Iimonzkiic, I%,ﬁﬁ,ﬁﬁﬁﬁ@30®ﬁ@%ﬁ@ﬂb

oy=0;+0+COS 0

’)fsﬂ@mfc& 51;1 :
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BEILT Do CTT, on o5 o1 BEE—GE, WK, TE—CAOREESTH S, HEBE~
ARG DBAE, B U CRE T AV ¥ —pUETF LT 2IRET, @H0RRTE Urokiiomms o b,
Fig.'2,  Fig. 3 O X5 IKRIBBICE > Th& <2205, MRERER Bo. ) »5bHBkTESD
nBI LTS,

EECD~(v) ORE E 2 O35 L OB (3-5 ORIE) 1 b, REHEKHAECIER AR 2 ~
3SR, BOKHEREICIL LSRRI T, MRRTA G HATEBDNEOT, FROTKICHT 5 HE
RAREICS 56

3. (EARREDKHEIN

TR, BHEKLDECREOMEREICE U KEKORA, &7 3B & BKORIRE LUE
HERRHCOWT, HEADBI (Bok) 75 & DERERERET 20 15, XK LEO, KRGO
% B RS EHT, ASBIEWTL TS,

3-1. KB & '

HRICHBERREE CORY, .22, Fig. 9) A0, RBEENTRO (A), (B) MRS
i, EX7mm o7 =y sl RHEESEBRAOERKREE VDT 5, (A), (B) WEEMILL
TEEEOHMSTETSHD, RETLHERE —30~+60°C, BETZEHMEI 20~95% RH Tk 5,

Spli, a) SR a v b~ lE LT, b/ RMIEERE Z0®E (RY v vy, BRLa

~Uy 1), b) SLEEVK : TROAERR & HEEL ©) ISTREVE  BAEKEE S 5 mm c e s
ZbD, BETH Do BEEBRT, K& 3 10x14(cm), @) OEXR 2.5~10mm DT
Botco COWDE (D HEAKDSBNEE LTEL, MHBLXCESMEE TV Ik - EL=XTHE
W, BYIRFABIEEEE L. EEMm AR TRORENCRIERY ST 7 4 Y &R Lice Bl c)
B LAIEE, TV =Y MRORERES—E TS 270, CAUCHN S SBRRHORTRE
2, S REREORERD, LLTORIEST, %%%ﬁﬁ—%m%%mm Fte, BEMRILDE
mﬁﬁﬂa®ﬁﬂmﬁ®%h%%¥1mwo,MC)®@&?&i e 23, EI0EOARERR, B
LUREIDORT 7 VERAEERNCES Lico ESOBEVA YYab— /a/F—bﬁﬁﬁC@¥bto
C@%%,ﬁ&ﬁ&@ﬁﬂ@%ﬁmﬁ%lﬁﬂﬁc,ﬁ&btré®ﬁ%d4ﬁv5ﬁmnmifﬁ (E&
BT EMNTE, _
B L SREERIC T v R L, AEREE 4B, SRTERMT Y RICHaEE S
BB, CORHEE (A) BHICAY T, MHERBHEOBAICL » 1T 5, —ERHTHES, (B) X
% 2°C TaKSES (FEREI155). coi, (A)EOREERHFR, EROBHICK->T, Tab.
1, Tab. 2 KHBESLEHT 2B,

z ¢, Tab. 1 OX4 1T, Mwazﬁm&ﬁﬂéﬁmTC%% AR AT, —ERH
BOBRBOINEFMGICHANIEDTH S, Tab. 2 TR, WRHHOESEZ DT, REE 9 [l
St BREREERS0, 70, 80%BD%& 5 Y7 i Lize 72& A, Ex No. 9 TW, Tab. 1 X530
L 21°C, 56~62% RH THBL, 23T (B) 8% 2°C ¥TART AL & bic, (A) ®E 22°C,
87% RH iz LT, —&WR (Fig. 8 3R) CLOKHBNE GARERL D) ZHELLSDTH S,
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Table 1. -#:a0RIORERE & RSN
Tested samples and experimental conditions
X5 Y # i L E%p%s%ﬁd Re%i{f%%gs.
Class Samples References Conditioning condition and tables
Bl R (%‘\;f%ﬁﬁised material) 20~21°C 20.2~21.0°C
(Manufactured AR TORE ) . Table 3
product) (Isoﬂjlmoistufe absorption) 274 5% RH | 93+ 3% RH
! v/ & e s FEEN o~ | Fig. 6-A
iti-Sny Y (HINOKI wood and coated | 20~21°C 20.2~21,0°C ’
HINOKI wood) Fig. 7-A
(Control) FHRTORE 27+ 5% RH | 93+ 3% RH :
(Iso-moisture abs.)
M TAE : OGN | B : B9 | Tne broken
LKL (%%)?—){I;Lsed material) K55 b5 lines in
(Manufactured SR T ORE (See the temp./(See the temp. Fig. 8
product) (fsonjlmoistufe abs.) of each fig.),| of each fig.), ~Fig. 15
- 56~62%RH | 88~95%RH :
2 R -7 o Fig. 6-A
Lt e (HINOKI wood and coated | 20.2°C 20.0°C :
HINOKI wood) Fig. 7-A
(Control) ERT OWIR 60+ 3 %RH | 90+ 3 %RH s
(Isormoisture abs.)
0 ok - REAE : 21,0~22.5°C Fig. 8
3 (Ma;\jupfactured' (gﬁ%ﬁgafﬁd material) Table 2 ~Fig. 15
product) (T is lower than Tw) 56~62%RH Table 4
%EODXQEMH . 2240 3 °C .
Fpk sk} (Wood-based materi. as same| 22.0°C .
thickness) (4.9~5.7 mm) - a) 68~71%RH| Table 5
1 B N e [
(Special form) (gﬁ?ﬁi&w. 0°C) 60 3 %R D) 88~91%RH
4
L/ EH e/ FREN 2240.3°C )
piti-Enw (HINOKI wood and coated | 22.0°C : Fig. 6-B, C
HIl\)iI&(})KI wood) #RE a) 686~71%RH .
(Control) SRR IR 60+ 3% - ig. 7-B, C
(Tg is lower than Ty4) b) 88~91% RH
Note) Tg: KB HEEE Surface temperature of sample.
Ta:(A) 2 GREZE) OEE Temperature of A-chamber (Test chamber).
HINOKI wood : Japanese cypress
' Table 2. % B % #
Experimental conditions :
£ B E 5 o A B EORE
o T urface temp. on
Ex. No. Temp. (°C) RH (%) cold plate (°C)
1 22.0 55+4 13.5
2 21.5 57+4 13.5
3 22.0 5844 13.5
4 21.5 7243 138.5
5 22.0 73£3 13.5
6 22,5 73+3 14.0
7 21,5 8443 14,0
8 22.0 8644 14.0
9 22.0 87+4 14,0
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ABEEHDOBEER C-C AT THEL, HNEEEATO RS B:&:ﬂ%‘«ﬁ%{rﬂg% (Model 24-3111)
& olco (AJERMIBEICE 5T, RSN S0RIEZDT, #HEE V2T MABICRAMALA FE2,
REHIREE 60~80 cm/sec ICHER Lico < DR, BELEHEOREER TR, BEMATVIEI LD
FEEPEE 70mm XD ET, REEET 14~21°C, 7 IREHT 13.5~14.0°C THh -7,

3-2. # B

Table 3. it & £ DB

Sample and its moisture absorption

. WA DS OWREE (g/m?)
.T;?,)K':Jf = ¥l Samples = X Moisture absorption on one
ng\? ( ) :Symbol of material name Thickness side of board
O pi@# B Density (mm) 6 hrs 10hrs | 24hrs
BY) T AFNVERKA —/N— 2 gyﬁ 3.1
©) (Pe. S. PI) Plywood overlaid with Impreg. sheet 3.08 7,27 14,98
polyester impregnated sheet 220
B T 2F{biESEHR (Pe. P1) Plywood 5.7
® overlaid with porfyester coated sheet Sheet : 100p 3. 60 9.19 19.55
® | 7Y v +4&H (Pr. PI) Printed plywood 4,6 8.22 13.87 31.30
RIYZRFo—n 7 4—4u [F.8S)
® Foamed polystyrol, p=0.04 13.3 4.70 18. 49 21.79
Evtr—~— 1445k (P.C. PlI) Plywood 2.8
® overlaid with pglyvinyl chloride sheet [P. C. sheet : 250y, 9. 42 21. 60 33.08
< [N . 2.7
S A .
® | FEPABREAWR [Pav. P1) Painted plywood Colour p : 100a 23.73 38. 61 77.01
. 6.0
RAER 7 & — 2 LHEAIR (Fm. P1) . :
@ | LBARERT = Urethane 23. 64 41.35 65.96
Foam overlaid plywood foam : 3 mm
7Y v +AHE (Pr. P1) Printed plywood 2.5 27.95 43,08 84, 34
® | 7V ¥ P& (Pr. P1) Printed plywood 2.7 32.84 51. 60 99. 88
N— F3F— F (Ha) Hardboard p=1.02 6.0 61. 64 87.25 . 169. 68
5T o MCEAR (W, Pl) .
@ | Plywood with Walnut face coated with 6.1 62, 67 99.25 191,23
lacquer
® | A% (Type 1) (P1) Plywood p=0. 61 5.7 72,29 101. 46 162. 64"
® | /~— FHR— F (Ha) Hardbord p=1.01 3.6 78.55 109.17 163,76
@ | 2 #7 7 GEEH) (Mi]Quartersawn board 6.4 75.60 | 119.54 | 217.91
Quercus crispula BLume p=0. 69
® | 4% (Type2) (P1) Plywood p=0.56 2.7 88.95 123.92 185. 41
Ebi%afdvp;f B (As. €] Asbesto cement 4.5 94.78 | 137.76 | 229.¢68
@ | 77<v (B (Ak)Quartersawn board 6.4 90.28 | 145.53 | 249.44
Pinus densiflora Sies. et Zucc. p=0.52
’;’;57{)”*‘— i (Pa] Particleboard 10. 1 117.12 | 166.91 | 278.25
72 5 %~ F (G) Gypsum board p=0. 76 8.6 145.07 | 174.85 | 243.80
’ ANA ML (As) - Asbestos board 5.8 118.18 | 196.50 | 390.36
EfaA VY alb—v g vE—F (Pa In)
® Colour-paint coated insulation board 12.3 157.78 217.57 334.07
Av¥avr—vavE—F (In)
@ Insulaiion board p=0. 28 9.0 161,31 221.24 341. 59

Note) 27+ 5%RH T T#HE, 93+ 3 %BRH FTKE (20.2~21.0°C),
Conditioning at 27+ 5 %RH and moisture absorption under 93+ 3 %RH (20.2~21.0°C).



—118 — . HREABRBETIEHE B270%5

k=2.332x10"2G+0.066

r=0.671 VV=0.015
BIE@IC >0 128 Tab. 3 OFHBE
SE8Ko.
Number of each value indicates sample
No. in Tab. 3.

1 1
Q05 06 05 10 12 14 6 18
& (Y/ni h mmHg)

Fig. 5 BEMK (G) LREEEEN () OB

Relation between moisture permeance rate (G) and mmsture absorptlon rate (k).

WREEET 5 LROTELTH S,

(1) FlmHae: LToSETORERE Tab. 3 0k <7:, ;ﬂi*}@jt“ﬂi IR R A5 10 By
Em%wa,ﬁﬁmb@&@E@mek@ﬁCLtowmiiSM@$bf&50mz,aMzKoHt
WF GUHES) SEFHE (nitia) 15, NFORRICHOTE, ’

BRI, 2, 4, 6, 10, 245 TH 7%, £ WRIE U BEOBEEZ a, @4&?%& &k
OREABIL, DBOEHERGE, RAEZHET 5

a=ag(l—e k) e S . ceeneenes (2)
C T, k BBBHEICET 2ERT, au BEMNTHRER TS S

BER D cup IAIC K 2 BWAARE G(cup 9 RH100%, cup 54 RH50% 12E, Tab. 1~3, Tab. 9L
kEEMEEEION Fig. 5 THb, G UT kiF () IR LEZEOMET, BRMOEIFER
TEDLENL, CORIKE, 4 VY al—va YE— FORRERTEEY Lic, ZOMEO Gi& 2.35
(g/m?h mmHg) T, ki3 0.093(hr™) THY, BICHHRTHR LRI OLHIROHE DI/ hLE
LTWV%e. G BRENDYIC kb WRSODTH %,

() avire—wEoe/ #TS (1) LEUEAFTERLT, Fig. 6, 7 © (A) ® XEP T
R o Fio, TIIWEHEDI Y, 60% RH Tl Lic (Tab. 1 OX452)-BEb/RT, MEEI~ND
OPRIEERHROBBEID AT, BEMNALDIELEED, COBFR Fig. 7 0B Licb OTIEI—EY
D&>TH5B, (B), (C) iF Tab. 1 0K 4 DHBAT, (B) HEEHEKOWE, (C)mﬂiﬁm (B
TORPBINTH 5, BTV m®m§ilac,Eﬂ@fﬁz&ﬁﬁUT%@%ﬁkﬁé&lT@
ca<r&5 Fig. 6, 7 ® (A)(B) £ZNZNLET 5L, (B) OFbASL, (B) THESH#H

VEEBEDET OTH B0 0F, TsICHT 2 MRKEGIE b L RREOKES 0 Q1 1 (/09 X100
i, 96% (2.5mm), 90% (5.1mm), 85% (7.5mm) 755, FHbbL, MEHEL8RETE, b/os
DRNPBBEICHEET 2 D05b b, Fig. 7 (B) TR W 0xAWD & 5ThH 5

Fig. 6 (C) T, WERM 0~4, 4~8 T, ZFE ST 3RIUKD DR S IHHET 5 L5 T,

DI LERIC L > T2 OB AP 1. —T7, Fig. 7 (C) 1, SKMT, HHO Ts 2EN Y
KABINBII A &L 78 5o ﬁ@@(B)$£Ufﬁg7(C)fﬁ?Tgoihﬁmswﬁ%mC&ibﬁ
MO THIEASHO IS NS4, Fig. 6 (C) T, HIEASEET 5 &, BT b bR ORAVKMRIX
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x10
10[— (A)
x 20C 27-93%RH -
gl ©a 20T 60-80%RH /
sr / 75 mm
a5
/ 25 «
s //
2F x/
7
% 7 ; ' 5
(B) . T
x10 20C 60 —+70% RH ISS'C
8- A6 -
. A/ 17
0\76 ‘ 4 A/, e
< . A/
= '
0] | I | |
0 2 4 6 8
. . Ts
’,O (C) 17°C
2L 20T 60--90% RH /‘5”
. ‘ .
8 /
A 1
4k /
0 | 1
0 Z Z 6 8
) t (hr)
Fig. B p/bs : 0.96(15°C), 0.90(16°C),
. 0.85(17°C)
Fig. C p/ps 1 1.23(15°C), 1.15(16°C),
- . 1.08(17°C)-
( ):Ts

Arrow mark :

B & O ARERIBBE~ DAL

Ch'ange of RH from precondition

“totest”

l

362 & Sample thickness

Fig. 6 v **Eﬁﬂil#ﬁﬂb@/kﬁ[&l&
& W)

Moisture and water absorpuon by one side
of quartersawn board of Japanese cypress.

BICBART %,

W (/)

[ep?

20r

(A)

—119—

[

.. /XS.lmm

X

X,% 27 +93% RH. ..

20C 60-—+-90%RH
7.5 mm

(=]

4 6 8
Ts
15 °C
/“15

120

x

20°C 60 —~90%RH

[ —
~r 0

] |

3 6 8
t (hr) .

" p/bs of each temperature : Same toFlg 6.

Fig. 7 RYw L& v (A0p) v/ F

E BT T o 5 DK AP (W) —

Moisture ‘and water absorption (W)
by one side of Japanese cypress board
coated with polyuréthane resin paint
(40 p).

(i) (il) OEFVERT, pbs FX, FRMI 7L & DK B BAZ T HRIC OV THEENSILT S
NA®T, Tab. 1 QXA 3IcH &S ERD, BRARKTE SRR Tab. 4 TH5, Fig. 8~15
i, 1%1;;:‘&*4@ w. @%ﬂuﬁ&&ﬁﬁ@%ﬁé&< bULL{&b U, MPOBEISICoWTE Fig. 10
OHALHEEEROT &
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Table 4.—(1) #HFE» S DOKRDBNE (W)

Moisture and water absorption on one side of board (W)

e #¥ Coefficient| -
S. No. #¥} Samples pIp W (g/m® ﬁo?qus. b(by at
E& (1) (mm) Ex. No. ><150 —50)
Ts (°C) 4 hrs 8hrs | bior(by)|dior(dy)| P=Ps
ORY 2T VEGEK _
F e LA B 1 88 1.9 3.3 0.79 0.20
3.1 6 120 9.3 15,2 0.82 0. 49 0. 80
14.6 9 138 79.1 77.9 (102) | (19.2) ﬁ?gfgl}
@R Y T RFVALKEAH 1 80 2.0 3.3 0.73 |—0.13
5.7 6 109 4.2 8.7 0.95 0. 04 0.88
16.0 9 127 40.0 56. 2 (54.5) | (6.0)
@Y v+ AR 3 81 3.3 7.1 0.87 | 0.02
4.6 5 102 4,4 12.3(9 hrs)| 0.96 0.11 0. 94
16.6 8 120 57.5 80. 3 (48.0) | (11.1)
@KY RFa—vT 3 —ni 2 58 0.9 0.8
13.3 4 73 | 1.6(4.5hrs) 1.5
21.2 7 86 3.1 2.7
A —s— LA A 2 90 2.2 3.7 0.81 |—0.15
2.8 4 114 18.4 28.8 (26.6) | (3.0)
14.2 7 133 50.9 64. 4 (52.4) | (17.0)
GO EABIELIR 1 90 7.6 13.8 0.88 0.35
2.7 6 123 25. 4 52.6 0.99 0.84 0.91
14,1 9 142 95. 3 138.9 (121) | (26.2)
@7 o ZREHT x — &1k 4
AT 1 58 7.5 13.5 0.88 0.3
6.0 6 79 11.6 18.5 0.98 0,42
21.2 9 91 16.5 33. 4 1.06 0.57
®7Y v AR 3 96 9.5 17.8 0.82 0. 49
2.5 5 120 21.5 54, 2(9hrs) | (35.1) | (4.88)
14,0 8 142 94,2 145, 7 (133) | (21.7)
OVAIINEY-Y 1 2 91 7.4 14,1 0.93 0.31
2.7 4 116 27.4 46.2 0.92 0.85 0.92
14.0 7 135 95.7 103. 4 (120) | (22.4)
@ — FHR—F 1 70 26.2 40. 4 0.62 1.04
6.1 6 96 44,8 75. 1 0. 66 1.26 0.82
18.1 9 111 107. 6 168. 3 0.93 1.42
@Y +vFy MEBESHE 2 74 12.3 21.8 0.83 0. 67
6.1 4 94 26. 1 48,2 0.89 0.88 0.88
17.3 7 109 [54.9(4.5hrs) 85.6 0.87 1.17
@& K 3 79 28.9 6.2 0.83 | 0.93
5.7 5 100 30.0 60. 5 0. 80 1.02 0.87
17.0 8 117 76. 1 157.1 1.00 1.30
@ — FR—F 3 77 38. 4 58. 0 0.70 1,15
3.6 5 97 31.9 |69.1(9hrs) | 0.91 0.97 0.95
17.5 8 114 98. 1 © 217, 4. 1.15 1.31
®IxF+7 2 70 24,7 36.2 | 0.63 | 1,00
6.4 4 88 52,3 83.1 0.78 1.23 0.92
18.3 7 102 {105, 2(4.5hrs) 142. 3 0.95 1.38
®& | 3 95 36. 4 55.7 0.74 | 110
2.7 5 120 56.6 [121.0(9hrs)| 0.98 1.16 0.78
14.1 8 141 149.6 289.9 1.05 1.51
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Table 4.—(2)
S. No. 3k} Samples W (g/m2) #RELCoefficient]
E& (1) (mm) Ex. No. ‘{;(/f 50 of Egs. bty at
Ts (°O) 4 hrs 8 hrs byor (by)| dior (dg)| =25
®LEMHA L — MR 2 go |- 375 63.7 0.76 | 1.12
4.5 4 102 181.5 373.3 1.10 | 1.57 1.07
16.0 7 119 315.0 695.0 1.22 1.75
@®TH=Y 2 69 33.5 53.1 0,72 1.07
6.4 4 88 70.7 122.9 0.80 | 1.35 0.94
18.5 7 101 103. 1 196. 3 0.95 1.43
@ —F 4 7 E—F 1 65 33.2 53.9 0.64 1.14
10.1 6 90 54.8 99.0 0.77 1.30 0.83
19.2- 9 103 85. 1 169.0 0.86 1.41
®AET S K—F 2 75 38.2 58.0 0.70 | 1.15
8.6 4 95 82.2 182. 4 1.05 1.29 1,07
17.0 7 111 184.1 350. 0 1.13 | 1.55
@T ZANZ P E~F 2 76 31.9 48. 6 0.599 | 1.14
5.8 4 97 94.0 206. 0 1,01 1.39 1.04
16.8 7 113 180.0 487.0 1.15 | 1.58
@iﬁ?’%{f/“/l vmvavl o 63 31.8 |6a.1(ohrs)| 0.95 | 0.91
12.3 6 86 47,0 78.3 0.81 1.18 0.84
19.9 9 99 86. 2 143.6 0.84 | 1.41
@A VY al—Y g ViE—F 1 63 56.0 80.0 0. 67 1,32
9.0 6 87 86. 1 139.5 0.76 | 1.49 |.0.82
19.7 9 100 108.0 180.3 | 0.82 | 1.54

Note) log W=byslogt+d; W=bgelogit+ds 1=t<12(hr)
P R DKFESLIE Water vapour pressure in test chamber.
s 2 Ts(°C) 1Tutd 2 ffik K- Saturated water vapour pressure against 7.

Tab. 4 OFEEIL 3-1 THRB LA HET, KEHTORE,S, 4, SHBEOEM (3 @EEE) %5

Wico £8H t KATBROBNE W 270y b 2L, RRTELTONEXRTH 5,
10G W =01 1og b dyrrvvvvrrernmrsmmmmnssensem et (3)

F 921 W mbalog f4 dy wreeereerersessesiemsent ettt (4)
b1, by, di, dp WEIRWRT, FRRCTE, b & blps ODEFEES 77 UT, plos=1.0 KB
3 b ARELTRD, b OBMIKOETH B, b KD DEHEHEEICERT EREEI OGNS,

b BEMAV—F, BCHF— FREQEBRSZERIC UM BED KT, 20T, Tl
EDOAMEMEEEBT T 2F v 7 RO TE, SREWNSWMEE 25, —F, —F 47
WER=FEA4 VY2~ VIIEEIDSEL, FREMAL Ex. 9 Th, plp=1 THY, HOEKICk
LT, BT Ts +0.3°C O FY 7 b BERITE 2, FY7 B+ MIcHBE %, Ts>Tp T K
ESDERELEBODRS, b WWNSL B EBEL 5N,

—, W OfEiE @—@ DIEFICE - T, KERS SB2EBEZRT Y, »RE0COBEBETNBME
HRVEEE, chito0TiE (V) THEYT 3,

wic, Fig. 8~15 OHEJFE LT, Fig. 107 h~vichles b &, Ex 7 T, t=1: KECEL

* 1 Symbol H denotes “humid surface'. D; denotes “the surface wetted with free water'. Dy denotes
“the moisture-condensed surface covered with liquid water''. Dji’ or Do’ denotes partly wetted or
partly condensed condition respectively.
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14. 6°C .
Flg 8 E U IZT}V r%&zr—/\— VA
AWRDFTHKSTURE (W)
Absorbed moisture and water (W)
by orie side of plywood overlald w1th
polyester 1mpregnated

x10 oo g
-20r. . . el e ey
18- Ny A :
R o S20m25% .
16f
14

L 20~25°

W (YD

N
T

0 )
’ t (hr)
Ex. : Tab. 4—®, : W at 88% RH and
18.5°C.
CFig 10 7 = VAT BARO A EK SRR
& (W)

Absorbed moisture and water (W) _

- by one side of quartersawn board. of..

Japanese red pine.

12”Fo
o _ExT
10K - e
8
;,E L
N
gl D,
EEt
Dy _DEx4
4— ~
25 R
-1
i T e
", L L 1 ! ' TR
0 2 6 8
t (hr)
'Ex. : Tab. 4—@®, --: W at 90%RH and
14.0°C
-Fig. 9 7V FAROR ﬁ/kﬁ@‘(llx
-2 ¢ 2]

Absorbed moisture and water (W)
by one side of printed plywood.

18-
“PEx 9
- D
144 )
12
% 10F
S
=
8 Dr
| L~ Ex 6
= .
o o ]
4 ¢”,/ ‘ -~Ex 1
_ et 1;‘//
Dy e
2k G
N/
-4
1 1 1 1 1 1 L i 1
0 2 4 6 8
t (hr)
: Tab. 4— . <+t W oat 90% RH and
18 1 C
Fig. 11 IN— I*'J'—- l‘@h THIZR 53 X
&)

Absorbed moxsture.arid water (W)
by-one.side of hardboard.
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r ' ~ )
. XI0 L Ex9
e

Dy

W (Y

(hr)

Ex.:Tab. 4—@®, --: W at 90% RH ‘and
19.2°C o o
Fig. 12 »—F 4 7 v X — FOFHEKS
WX E (W) ‘
Absorbed moisture and water (W)
by one side of particleboard.

X0
12F ~Ex8
- U=18%
10- 5 A
8- . s
D
< r A
& o N
SEx5S
= | D1 - U-14%
- s Ria
4 - o AT Ex3
L B AT . U-12%
LT 5T
ok A T
/2 T e
L )
L 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10
. t (hr)

Ex. : p/ps of Ex. 3, Ex. 5, Ex. 8 become 0.68,
0.85, 1.00 ; ,
Ts=19.5°C, ---: W at 88% RHand 19.5°C
Fig. 14 12 mm &40 K Tk BRE (W)
Absorbed moisture and water (W)
by one side of 12 mm thick plywood.

x10

30,
- r . PEx8
250 ),
D2
U=33%
VZO,_
15k ~
o Dy
0 U=30%
10F :
D/ ~ e
25 Dy ——
5 5 BT LEx3
~ e o e U=18%
~f . - 13
7 e ?2/‘/-
Ve s
/ 1 1 1 1 1 L 1 1 }
0 2 4 6 8 10
; 1 (hr) .
- Ex.: Tab..4—®, - :W at 95% RH and ..
14.1°C ' )
Fig. 13 2.7 mm 24O KSR
B W)

Absorbed moisture and water ‘(W)n
by one side-of 2. 7 mm thick plywood.

2
x10 -
T . ~

w (Yod)

; i t (hr)
Ex.: Tab. 4—®, - : W at 90% RH and
16°C 3 _,
Fig. 15. A2 L — RO FriE ks RiIK
7 (D :

Absorbed moisturs and water (W) by
one side of asbestos cement board.
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728 (=), t=2:EEMALHY (H), t=3: KEKERI, EHELT, MEsZEE (D, t=4: REIC
WAMICHETE OKiE) #Ebn (DY), t=5:1=4 OIREMBRET 5 (~)o t=7: &MEICKH, KEHST
ETHRAMKERE (D) 257 3, ChOOEE0 3 2 ORFE, EHRAKIHICK 2 REBOEEE
KETH 5,

wic Fig. 8~15 oA T EH B E

(4) Fig. 8 oFEfpiz Tab. 2 OERBREMFICK > TR Sz, WiERE Tab. 1 OX45 21k » THI
"Eénk?ﬁﬁ%“@é&éo C OIERICENT 200, REST, @, @, ® EOEMETHE, chd
OMENCIER DR, BEHST 7 RF v 7 ROEBBUMEE VL2, LirL, Ex 9 O W OE/LITR
TEIiT, KT TREMKPAELT, 20k, BE—TO@ERELET LM, LEOHHEG® -®T
13, Tab. 4 pobonNs L Hic, W REBEERSWKNENEDOI{,

Fig. 9 37°Y ¥ M iR T, Fig. 8 itk T % LA OHMMTH 545, W 0BRSS, KSRk 3
B OREHRR L DTS DERAT,

Fig. 8, Fig. 9 O, &k E FEKE »RERE (Fig. 8:14.6°C, Fig. 9: 14.0°C§ T OBIERE
BEEDLT, TN RAE I, 92%, 0% THs. COWHRE, Fig. 8 ® Ex. 6 72 Fig. 9 ® Ex. 4
DEMBEDER, RPAREBVABL L E T, J:{:ﬂr‘?cﬁ’id\éb\i&&i%8’~]f£?%%¥rﬁik%éu&?&‘u%@%’éib
L, MHEROKICERT 22% 2 5N 5, Fig 8, 9 OERMCONT, WEREH 4, 6, 8HH
DW OEERETHL, #Y)ZRF A — N~ 4 GIRTCR, 5, 8, 9(g/m?), 7J ¥ AT, 11,
17, 25(g/m® L13%. COMBRIHEORTBORALLLE GEAL b HICE->T0 5,

(@) Fig. 10~12 @ Ex. 1, 2, 4, 6 Qg% 3 DOMBMTHEET 2L, ~— FH— FOREE
WP, TH=YEN—F 4 J R — FEWBBU, »—F 4 JVvE~FD Ex. 9 © W O b1sL,
Ex. 9 ORMERER H->D: ¢, H OREHMR KT 20T L, Fig. 10 @ Ex. 7 T, H->Di—>
Dy &7, Fig. 11 @ Ex. 9 Tid, Di~D Th b, CNOOEEELT, THwY E n—FR—FD
E& 6mm THEDIRH LT, ¥—F 4 7 vF— Fig 10mm T, #HRNHCHEINS (Tab. 7 %
B) oo, REEESESEETROEVEHLT, BRAENI D EEI ONL, Likdi-T, Hi
W75 EEAE RS,

HH H D
- re
sk
D0 G DED: G0 Bi gz @H~@® : Sémple number
4~ Oy D; D Oy
) H H H H H White histogram : 0 to 4 hrs
E 3L Blackened histogram : 4 to 8 hrs
~ p/ps 1 1.01®, 1.17@®, 1.09@, 1.20®, 1.26@®,
= A 0.91®, 1.10®, 0.95~1.03®, 1.12®,
1.18@®, O : Sample No.
1+ Fig. 16 Z#kt 0K BINE O Hik
” ” ”I ” I 0 I ” H v Comparison of amounts of moisture
0 nll and water absorption.

(OO ONOING @
Ax PL WP PRPIRPIFP Ha Pa As AsC
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W — o ®e
—=== 4 hr
--------- 8 hr
12
10k
- ® ®
5T o r
. e
st i@
ere®
Q@ E . k
R L
Photo. 1 HZHF— FEE GEE) OH S
H HER3
Moisture condensation on the surface 2 g ;E of !
(paper sheet) of gypsum board. i @ “ 11‘ ‘
+
R B 3 Z 5 3
‘ 4hrs 6hrs 8hrs : To~Ts {deg)
Ukl No.17 51 83 114(g/m?) Ex. 7 LRGmit @~® : Sample number
deg=°C

# No.10 72 92 112 » Ex. 9 tuigozs

Fig. 17 BATOERED KSBINE
# No.18 34 48 83 «» Ex. 9 ERigrozE ;

Moisture and water absorption of

E185T, No. 10 N— FR— FRBEHL, each material under dew point.
(»~) Fig. 13, 14 BEWMOBNSDEENS DAL Ui, MEOREMEN IS EER A BT 3 &,
4hrs 6 hrs 8 hrs '
Kl No. 15 9 - 14 34(g/m?2) Ex. b @iz
B el 5P 29 42 72 4 Ex. 8 Lo

EX-T, BLEREEZLBI0R, BINRHAOBRDEETHA S,

Fig. 13 @ Ex. 5 & Ex. 8 TW3, p/ps #1.2L 1.4 Th 5%, Ex. 5 & Ex. 8 06 BLU SRS
O3 W kg sLs, Ex 83 Ex.5 O IMHT, KABUUTIE plps ORISR C Eosbir 3,

(=) EEMKO1HIE LT, Fig. 15 KAMRAV— 1O W ORiB%EFRT, Ex 4, Ex. 7 O
RE LD, HE D ORENHEE L, W OBEEZEINCHA»D ST, D OREBICES L, F7z, HKiE
KBRS, FUERRD 4, 6, 8 T, 110, 175, 267(g/m?) 272 b, KEME XD IZ 3 hickE L,

(Iv) Tab. 4 10, EXORUDDEFRICELT S EN D) Fig. 16 TH 3, EEMHEE H o
REEBS DS 28, FISMIICA T > K— K238 BERRE T, Photo. 1 DX 5 ICHBET 2013, REIEE
DIDTHA Do

Tab. 4 ORERE Ts EHEAIRE To O, Tp—Ts=Tps & (p/p:) X100 OFEFEL2FEHTOVT
WNBE, ROWENB S0

(D155) *100=100-6. 16(T p—T'§)IIE wervevermererermerrmieraaeeiveereeaeens (5)

Tos BKEKOEMOHFICHHRT2ET, Eq. (5) T, Tos=0 OBARKR->TW 5B, WE, Buki
REOFEKID Tos &—FERHOKSBNEDEFLEERRT 5L, Fig. 17 &L TH%. Eq. B) &
D, Tos & plps WWLHIT Bir 5, Fig. 17 TH, p/ps BREVIZE W bIEMT 2 EWVA B, Fig. 8~
15 TROB SN, FRBTLED plpe & W OWHINBERE, EIPRmMRESER ZBUKERE O
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Table 5. 2 FEOBELMHFICH Y 5HRTEL b DASBURE s
Amounts of absorbed moisture and’ water by one side-of board at: . . :
two kinds of humidity ' . : PRI "

) 5 ;\ v
S. No. #&#} Samples (?ég) 1;/,{)50 ' ngg.{m) — 1;(/{750 %
4hrs |'.8hrs . £
@Y ff;*}fj"/ BRIEA N 168 93 2.0 3.8 | 124 | 9.4 12,4
@7]3')'17\7“‘}1/“3%’:%‘& 17.0 93 2.6 5.0 | 122 71901 ] 26.4
®7Y v LAk 17.1 92 4.6 102 122 | 37.3 56. 8
@KYRF R —NT 5 —h 18,0 87 3.4 6.0 | 15| 181 223
B A~ — 4 A 16.9 93 3:8 6.8, 123 | 24 | 315 -
OFRBUBELH 17.0 92 6.6 8.5 | 122 28. 4 48.8
@7 v AR 16.8 94 8.8 16,7 124 28.5 9.3
oYY 16.9 93 9.3 1787 123 36.2 54.2
@ — FE—F 16.7 94 38.6 65.3 | 125 | 79.8 148.7
@ 4vF oy MEBEAK | 120 | 93 25.0 46.8 123 43.7 77.3
®4 W 17.0 93 32.6 58.0 | 123 - 70,5 128.1
®IXFI : “l o 16.8 94 "44.9 86.0 124 83.6 141,5
®s W 17.1 92 36.0 60. 2 122 61.5 101.5
®ABALV— ME g 16. 4 9 78.8 '139.5 127 208. 3 468. 4
@THTY . 17.2 92 53.5 98.7 121 98.5 162.7
@/%=F 4 7K~ F 17.3 91 68.3 126.2 120 168.6 365.0
®GTHE—-F ,. 16.9 93 | 79.6 149.3 | 123 196.3_ | 400.5
@F AR b E—F 16.9 93 83.0 161. 5 123 206. 2 422.6
AEBA /Y ab—Ya Y 17.6 89 61.2 101. 4 118 106. 4 170. 3
@ VY a—YavE=F| 17.7 8o | 1 82.6 138.5 117 131.2 | -191.8

Note)

EZRBEE 1 4.9~5.7mm @Fa » Thickness of each sample : from 4.9 to 5 7(mm).

W, 1 22°C, 68~T70%RH OHEREICH T 3 Ts(°C) OEE DK TIN &Eo
Amounts of absorbed moisture and water on the surface of T in-test chamber of 22°C 68~
709 RH.

Waq : 22°C, 89~91%RH OREREIc BT 5 Ts(°C) OREDKS BT
Amounts of absorbed moisture and water on the surface of Tg in test chamber of 22°C, 89~
91%RH.

Ts : REIEmRE Surface temperature of samples.-

BeARIT 200bhb, —F, BESEM, NEEHELE, ROBREOAEMETE, Tab. 4 O
skt No. 10, 12, 18, 14, 15, 17, 18, 22 %2f~3.E, CNOOMKEMTS plos & W ORI VD
WHIBERSED NS, - .

(V) BBRL7 plps @ENIC, ARESL CNKBERT L Ts ORNAS W ICBBRTEEI SN D,
2T, BEESEZIZRACICLT, TsATE3R0HEESE2 L5 LSERREHC OV TOfE S
Tab. 5 T, FHRERZSEOEETH 5. KABIED Wi i plpsils 0.9, We B 1.2EETH 5,

—7J, Fig. 18 T3 W1, Wa D 0—~4, 4—>8KHickd 5, 1HMSADDOEEHELTW TRY,
Berd WWy ©0—> 4O 1 Fifbic b 0, Tab. b BR) AL B E, HMoREEET
BAPAT, 52D Vv—TID T lce £ v—TTRIEHESONEOIHICAE AT, W ©-4 -8 Ryl
OEHFA<VEOTFICL 3, A= v EBor O, 506 No. 10, No. 22 k< &, FiZH
ST UTlEiMER 2R3, v , ,
| Wiy D4 — 8 BBITOFEIICIE 2 & No. 1015 2/ v—7 &b, No.1l & No. 15 SoEELT1 7w
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80

-
60

40 L*_‘b
20 + . IIY} ??99{

R hd
0 1 o
B Il 1

W0 ]
20 F

W (9/m?)

0 e
9

10 [ 5
o8I T
s+ ° ‘
@ PooNE .
OA_LJ]lllrl(llllllllllll
: 1°2°4 5: 53:6:8°9 10111215 141721 16 18192022 -
ESRERFP B ;RRERPARR H:WRR R M ARl ACR G A I
Materials
b/bs W(4hrs)/4 W (8 hrs) — W(4 hrs)/4
0.9 0 OHIDZER Db
) Tip of solid line from (O-mark.
L2 ° @HIDELRD S
. ~ Tip of soild line from @-makr.

Fig. 18 &#klo 1 Befifldb 72 © QKSR E (W)

Moisture and water absorption (mean) per an hour.
— Wb, # LT No. 10, No. 12 & No. 14~21 7 wv—7EB X No. 22 31 Db, TDHEFR
DEBI, plps 1.2 TR, KEHAE, 79 2F v 7 %2MbF, Fig. 8~15 THROIE2 T EL,
KOBHEE £ DBKELE LB o = FR— FREEIHRRENS <, BICA VY2 b= a V&= F3d
e 7$—F 4 7 B~ FRRA U/ V— 7 OWEMEER U, BINERE LS 5, '
RIS BRICED 3 Wa & Wi ORETA~BE

} S. No.

10~25(g/m?) ARMIERER . (ORONONE)

30~35(g/m? 7Y ¥ AR, A ®EB®O®O®®

50~70(g/m?) AMFEM, 4 VVal—vaVE—F DD @

83 N FR—F

(330 @/m® JZ2%) ek ®

250~330(g /m?) SRk} @
COREOEFEED, 2O, @ @, ©, ORZTOREHID AW TERERERTOT, RiIKIh
5O ORKETHRB e

(VD X430k ERACT, BukidBz{Tiaw, Tab. 4 & Ex. 8 Ex. 9 OF~ ﬁ&&bﬁ-f
Fig. 19~21 I Z OHPERT o 1L, b/ FE/—F 4 7 E~— N3, plps % 1.25, 1.18 & b’C
SR LR ABRUR Lico WokaBRE, SEEREICH 72 Lokl z;awrﬁﬁ%&@w»éto BEEXI L0
~1L.bmm, RBRERERKE - KA T 20—24°C THolo

(4) Fig.19(B)D7Y ¥ bAﬂiﬂi BokE W & W LidbE D%mm\ lzlﬁ\bm\z;s, Fig. 8
OB O—EIEH OBk 4W’ 1, 4W'=53g/m? 0—>2hrs, 32g/m?, 2—~4hrs TH Y, Fig. 8- DKk5
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! w
3k
W
a
2_
b
A 1 O(W") : |7kikE: Water absorption test
E @ (W) : %5 Moisture condensation test
) (10 [I‘ '8 I12 1I6 2l0 2;. A :Tab. 6 @&7}(3%5‘& D%"g
= x(l)v: : Calculated from empirical formula in Tab. 6
° {(Pr.Pe) p/bs :1.17 (P1) @® Ex. 8, 1.20 (Pr. PI) ®Ex. 8
= .
15f -
W - Fig. 19 4%, 7Y v rAROKSTINE
10- w, W)
Moisture and water absorption (W, W) of
s  A° ) plywood (P1} and printed plywood (Pr. P1).
O i 1] L | 1 ]
P2 ) 12 6 20 %
t (hr)
xad
i
x6|07 [H i}
r
[H a) ok W
5r w' &
A a a
s As ; w
w
3t
ok
ot E
4 e
= i % z $ 5 5 I
u\? 1+ =
_:l 0 { | I t ! i 5 (
BRG] Z B 12 6 20 % z "3k (Ps] W
S 2|
=5 (In] .
W 2 4
2 a w R
‘I | A
ik
0 1 1 1 1 ! ) 0 1 1 1 1 1 |
4 8 12 16 20 2%, 0 4 8 12 16 20 24
t (hr} t (hr})
p/ps :1.11(Ha) @ Ex. 9, p/ps + 1.25(Hi), 1.18(Pa)
1.00(In) @ Ex. 9 Thickness : 7. 4mm(Hi), 10.1(Pa)
Fig. 20 ~N—F#—F, 4 ¥Y¥Yalb—v¥ g Vil Fig. 21 v /&, /=7 4 7 VK~ FOKFIK
— FOKSBINE (W, W) & (W, W)
Moisture and water absorption (W, W’) Moisture and water absorption (W, W)
of hardboard (Ha) and Insulation board of quartersawn board of Japanese cypress

{(In}. (Hi) and particleboard (Pa].
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%&}R@kﬁrﬂ]&—ﬁﬁ‘éo

Fig. 19 (A) Ti, WHO 02O W’ @ W XDVRBPICKEVS, ©OROTHEORMY S
DHEHBOFLREBRAL YT E, W OHEDCKE, AREECABBAEL T E00, W O
Fh, REETCKSHELLEETH D, T, Fig. 13 OMOAE TS, W’ =260g/m?2, 0-»2hrs,
80 g/m2,2—>4 hrs, 58 g/m? 4—>6hrs THV, 2HHLIHRT Ex. 8 OFEEREDEY 68g/m?2 2hrs &
AEHSIE—F]T 5o

(m) Fig. 20 TR, ~— FE—FED A4 VY ab—va VE—FOFR, W 3 W IGENMETT
BB BED W BHIELD/NIVOR (V) OFREFELEL,

(»~) Fig. 21 (A) Tl, 4BELKBT W & W OAENH»ED XL —%T 5, %/, Fig. 10 ©
TH=YThH, W =380g/m20—~2hrs, 60g/me22—>4hrs, 57 g/m24—->6hrs THY, 2EEMLIKIT
Ex. 7 O#BKED 60g/m?, 2hrs & —F ¥ 5, LiL, Fig. 21(B) © W ik p/ps OB LA G
W) FOBMRETHBH, W E2PThTn5,

W OHEDKE, 2~4KMTRERRIKECEEbNE L, A W OBNEZELE ETFHTS
3o Linl, HELUHEOL  OEBHERIIHEICZ OEAMSED 5N,

W (2~ AR 2BXLECADEES AW & AW BEE-HLTL 2013 (4)~() TRl L
Fro COMIEE LT, KOMERE~OREN W, W OEBRFEICL SN, BHQEELIERICX
LLEZONDS

Fig. 19~21 QaBliR, BEESE L0mm —FiCED, MROREROTRKARSELS
DTH b, ZOFER 4-2() KRBHO T EL T, 5, 24BICE T 2BKOERRNL O RO IZBKET
b5

4. RINIK S DILE

4-1. I8 E
BKMETOBATICHY B, KIEOAERBRIZ, ARAICHKS, MENICIES 5ICERE I i
3o FAMOAEHBERTTS, BP0 Fig. 15 (C) O&MATTR, 1HHEE, A#o Fig.27T
b, BASKY1EET, REICESROKENENBINTNS, 3-2, (VD TRbBLILESIIC, BATO
STAER, BURIC EHKTANS &, ABAOKIORBEEIMBS D, KHBARE OFIIZ LD

L0, EEOERKOBINIE, TFEOB/KREROMEE LK A B
ME BT Bo Fig. 22 0 X 5 WIRMEO—THIC KD

L, AE~OBEBEILHEROE S ICELBo L
KEDEME AAs XD, X | OEChI, HNEH 4% ﬂ
(HANT, B 5X1) £& 30 BBy ME—EOREED

BESICHT 5 DT, 0X; OFAICIE AAa XD BBa il A B:
ICARELT 2o K OILMEEE D, KBREE ¢ (2T ¢ : Moisture content (volume basis)

<3, gﬁ[gﬁq:@zkﬁ}%) Ed5BE, FALE L DOHALBEIC ¢ : Initial moisture content
L : Thickness

BARIERE, 0X1 ML BB T 2 KGRI, — DX, Fig. 22 KAOEE
THbo ME [+6X1 OBANE LD BiBs MI~LEEE T Penetration of moisture and water.
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ZKDEIE, —D@d/0X)iix, L1085, MBEDER 0X1 WAOWINKSIBETHEH 0, TOLIICED
55

—Dl(S;) +D1(:§)L+51’1 (g? >3X1 ....................... (6)
aX A A1A2 X0 BB OFAICHES S DT, I 8X1, 8Xa, -+ 5Ka ET 5 &, Ba. (6) LRBKIC
—Dz( 8; )H;Xl + Dz( :;? )Z --+5X27 ( Ea;f >8X2 ......... e reseenraera s (7)
—Dn< 3;' )l,,.+,an~1+ Dn( :; )z...+5Xn - (%t)aXn ..................... (8)
L1850 Eq. (6), (7)-(8) ZMABL
—D1<a;;) +Dn(a§;—)l +,5Xn_2(a¢)6X7' ........................... (9)

ZB5o D PASBEICEETHETNIE, &R0 D & DX) ORICT 5 4ELSH L. LL, 245
METOBRRETIHE, AlAzﬁﬁlmm{%E R LT, BB il T TRBEARMEE AL O EHED LN
LDT, 5Xn 5 BiBg ITHET 5 &1, Eq (9) AL rodic, LNOE 2 FAIMIC0 EH< D1
LT D &L,

3

D( aX) » ( ¢ )8X1, .............. B (10)

1

Eq. (10) kb D pskpdhzn, ERED ¢ & X ORHMBEZSDINE

D=— (Zif) {S:leﬁb—l(q’L*‘Pi)} .......... T P SO a1

ctb AL 1 mob‘é D hs3k¥ bnéo T Tic, ¢ ld AdA. Bk EBE LISORRBE, ¢ ci{_‘zﬁ LT

;ui'
[ {H '3_— In)
2 -
b — 4 g
. —_— | —_—
A T e N B S S S B R
;‘7{' 1 2 3 4 5 [ 7 8 mz-z____' [Pa]
(P}
60— = L . .
= |3 —_——
s O —_—
S —— . e
e _— % 1 7 Y S 3 TR 3
g i 7 3 3 5 8 b .
e {Ha) = S
201 - —_—
o —_ ) " —_
- —_‘—‘ " e 4t ——
T S A -
X (mm)
X
(Hi) : Japanese cypress, (Pl) : Plywood, ) {(In) : Insulation board, - (P1) : Particleboard,
(Ha) : Hardboard (Pr. Pl] Printed plywood
Fig. 23 SIREKRE (W) itks ¢ & X Fig. 24 5IHKRE (HE) IK&s ¢ & X
¢ vs. X in dipping one side of .board in - ¢ vs.-X in dipping one side of board: in

. water during 5 hrs. . i _ water during 5hrs. .



RRREOKD BN & BZE EHA)

BU BKRSBETH 5.

Eq. (9 =TFio Eq (12) cFsEwE, ¢ i
BHEEBEEANT, EXFHOZMEBEIET 5D
ERDBCENTE B,

(2L e, () 8 (2o

el 2, niko ¢ & X oBREFMALT y=1,
L=[+8Xn BT

LA} pax—eiz-n}
D= e\ - T ) 13)
(25 vovir, ~ (55,
BELND,
2. E B

(1) e BURHENCKESUR B S & 5 0k
<, HEFREEO (A), (B) WEOERIC Fig.
34 IRTHE E ZOMY DHHERAEKE & RET
3o BB DA E 1T 46X46(cm) OAEMKIT,
HEB(LIEAS 7 RICEF IS, (BIEERH0°C
FTAHTHCEICE-T, RHORERELHES
TieTFTF 3. 0K, (A) Z2OREER Tab. 2 D
Ex. 9 iCR&EN, HERoEHE Tab.7

—131—
x16"
T
= (Hi}
3t
|
i
%
1k _
1 ——
]L e,
C 1 s L L i
v i 2 3 4 5 6 7 B
x5
3= (P
% 2k
o
e 1= _—
ol , .
0 2 3 L 5 6 7
x[iﬁ‘
_;— (Ha)
3 —
oL
i
TTTe——
0 " |
1 2 3 4 5 [3 7
X (mm)

Fig. 25 24WslE/kBE (FE) &b ¢ & X

¢ vs. X in
water duri

DTELTh D, BAR, BRREICHE e

m%p<mmﬁ®é&%%%bf,5i
7213 24 Befdtkic, REOhRIE » 5, 4

dipping one side of board in
ng 24 hrs.

8x18(mm) BEO/NTEZEOHL, % o

CEIHAICE T, 274 ZAF%EWY i

WUTERZAEY %0 A -
(i) ®RiEE:  Tab. 7 OKREME
b 5X5(cm) O/MEETHDID, EEM r

P (Smt)

D AWEAEERLT 7 4 VTEHE LUK,
water bath OEmZ/KTHic L, HE -
FORE ((LHEAROBA MR %
JKiCE LT, 20.5°C, 60~70% RH DR

BRECBEV. 0.5, 5, 4B &L, o
REF OhtiEs 5, 8X18(mm) D/h

X (mm)

Fig. 26 24BsRKRIE (FH) IK&% ¢ & X

FEGYID, cnmbd, ()RR ¢ vs. X in dipping one side of board in water "
ZHDORT A ZAFETNOB U, during 24 hrs. '
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Table 6. # B W 3 ©
Empirical formula on water
v KLY FERIOMEIC & 5 EEEX, Empirical formula
. No. & ¥} S e — : e — =
S. No. & #t Samples & k0.5 M W TRshE M
D.t 0.5hrs D. t 5hrs
(1) 7 $=0. 05204242 4 0, 045¢710-3% | =0, 265¢73-502 40, 025
(Hi) ¢;=0.034 ¢;=0,033, 0.050
~0.20 e | o= 016268307
(nm) & D) e ¢=0.076¢70-2902+0, 11¢"11- T ). 80¢4-207 —1_89
¢¢=0. 057 ¢;=0.040, 0.056
. . stz ceate| @ 02706487
a —[H;] K — F ¢=0.104¢70-1447+ 0, 140e78- 3. 37¢%8%% —2 37
$¢=0.090 ¢;=0. 070~0. 080
V) 4 V¥ ab—vaVER—F | ¢$=0.060e1-672 & =0.071€73-4724+0, 019
(In) ¢;=0.011 $;=0.021
V) $=0, 100¢™0-852¢ 1.0, 170e"7-99% | =0, 412¢-3-202 40, 038

W= F 4 7 FE—F
(Pa)

¢;=0. 070

$;=0.055

VD B % v /s o* M - ¢=—0.022x+0. 047
(Pa. Hi) $;=0.025
oD Y vy & _ ¢=—0.025x2+0. 061
(Pr. P1) $;=0.036
() £ Y = TSR o =—-0.012%+0. 044
(Pe. P1) ¢;=0.032
X) 72X ZPFPR~—F ¢=0.53
(As) $;=0.028
Note) ¢ : AREBIIE/KE Moisture content (Volume basis) (g/cm3).

& : P14 k¥ Initial moisture content. ’
x=I/L, |:FEH»>5DES Depth from surface, L : E¥}E X Sample thickness.
D. t : Dipped time in free water. C. t: Moisture-condensed time.

(1), (D) &dic, FBRARKZEZRYD, @WK LT, AREMOGKE (FRAKE, g/cm®) ZHl
L7z
BREEE

(i) Fig. 23~26 |, 5, 24B5R, AKICEIELT, Bk &IERIC K 2 8 ABEMEHORREKE ¢ O
PixFEHT. KEOHEMETIE ¢ BFLAE L, e EEERMIC LI2WicEd T 2 @A,
BRI 2HREFBUTH 305, EMETREBEIEERICENT, HERBO ¢ B2 0d52<,

Tab. 6 1243, #Ec(i), (DOKHETKYE ¢ © 2(=1/L) KHT BERRTH S, /2L, Thd
DORiF, Fig. 23~26 KRONAWER (1 BRI 4 AFOEIIKCHEYT 2) OERELLEICERDLT
bDTHL, ZNSOEMERLTN S, FROTRERMOBEEKBLMIAEKE ¢ & UTHREL
THhbo

KABIRNEZ AW &F5&, AW & ¢ OERNEAOTRALSHETE S,

4-3.
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distribution in each materials

EIRE R DK BIR & BEE (BhA)
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of two test procedures at each test time

-ﬁﬁ“sﬂﬂ_’r i
C. t 5hrs

(s 24 I R
. t 24 hrs

=3

B W5 24 B
C. t 24 hrs

¢ =0, 048¢70-678T 4 0, 100¢~18-092
¢;=0. 024

¢ =0, 328e"7-34& 0, 086¢~0-9147
¢;=0.030, 0.035

Il

0.

102¢-0.118% 4 (). 305¢-11.78
®;=0. 047

$=0. 0615¢70-224x - 0, ] 00g~14.952
¢;=0.049

& =0, 255¢-8.91 | 0, 085¢0-390%
¢;=0.057

. 103¢70-8132 4.0, 187¢78-88%

$;=0. 046

¢=0. 079€70-605% L 0 060¢~13-202
¢;=0. 043~0. 044

& =0. 340e77-74% 1.0, 130¢~0-8067
¢;=0. 058

0.

104¢70-6797 1 0, 275¢79-43%
$;=0. 052

¢ =0. 039¢~0-8147 1 0, 0662466+
¢3=0.016~0.017

¢ =0. 0547189124 0, 066e~1-28%
$3=0.018

0.

066¢~0-989% 0, 059¢~16-79%
$;=0.024

4) =0, 0953‘0.93733_‘.0‘ 115¢-15.642

¢ =0, 387¢70-415% - O, 580¢~18.08%

I

0.

1506‘0‘932““-1» 0. 360e~7-61x

$;=0. 037 $;=0.138, 0.190 $;=0.059
$=0. 023¢"2-97% 4.0, 030 $=0. 110e-1-25% =0. 070e~4-58¢ 40, 030
¢;=0. 031 $;=0. 040 @;=0. 0307
¢=0.030e"1-802 4.0, 036 =0, 114¢-0-856% —=0.071e"2:98% 40, 025
$;=0. 041 $;=0. 048 $;=0. 0338
$=0. 023¢~4-302 1.0, 030 ¢=—0.021%+0.056 =0. 026315240, 038
$;=0. 0303 $;=0.035 #;=0. 038
¢ =0. 093¢~0-202z $=0.57 =0, 316¢-0-301z
$;=0.028 $;=0. 027 $;=0.028

~{Poax—g:L

Fig. 19~21 O A, BEEOERAEAOTHIELE DT, 200 AMNEHEEETTHAR,
v+ (50 ZB0T, @EICENTMOMEL Tab. 6 OERIICHIEL T 50 KROFHEE (o
B 2sskRERIC K 2EAME (OF) Z0/AIVDIR, RF74 ZAOBIECTHREOMAEKMSTRE LD &
£%5N5bo WA, Tab.6 OREEICEZERR TS, ERRETEMMLE UI0REBICBY 5,
W OB DHEEICREB DL > TH 5o
(ii) Fig. 27~80, Fig. 31~33 i Tab. 6 OEEXE Eq. (13), Eq. (11) ZHAWTER LU#E
W OHERHOATERTH 50 7271, Ba. (1) 2E3HEE, ¢ & X OBEIHES (kb oy
TWEOEEAEBRCHEMULERRCOHBRT L EE Lt COEE, ERNICEHERTEEP -1

0, (doldX)

I3 X » LIS Ie>2NT, 0iilEsL e, iﬁbfﬂﬁ#mwi&i@f:b,

X=0 fHED ¢

DkDdIT WVIESE, ¥=0.3~0.7 DFERICEB Y 5 ¢—r OREFREERNICAELT, x=0 ® ¢ kY,
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Table 7. & % o # &
Structure of samples
Samples ‘Spiabol | tmmy | & e fii % References
(I)e/FHGER) S kE R 68cm Dia. of log : 68cm, Heart-
(]ggjlgslgc;g%is) 7.4 0. 43 wood at 22cm from pith, (d) : 1. 2mm.
(Hi) (L.p) 6~8%, [T.d) 23u(EW)~14pn(LW)
(Iya = oo | Faee V. (0.9mm) | (v gy of Face V.:190p, (F.d) of Face
= . =U.
(3 ply) Core V. (3.8 mm) V.:17p [(V.d) of Core V.:220p,
Plywood (P1) =a?7 63‘ 63 (F.d) of Core V.:19p (V : veneer)
()~ — F & — F Face : 1.12 (T.d) : 10~40p
6.3 Core i 1.11 JE X 50 p OFEF Wi D ZeFL3R Pore per cent
Hardboard (Ha) av. 1.11 of 50 slice : 3~10~20%
)1 j_]/_j llf_/ Core : 0.27 (T.d): 28’: :
Insillatlion board 9.3 JE X 130 O F Wi D ZeFL 3K Pore per cent
(In) av. 0.27 of 130 p slice : 8~23~35%
(V)/\“~~~ T4 7 WE 10, 1 Face : 0.73~0. 78 Distribution of chip length (C1)
P;rticleboard (3layer Core : 0. 63~0. 68 (C.D<5mm :37%, 5<(C.1N<10mm
(Pa) structure)l o ¢ 75 $529, (C.1)>10mm : 11%
(WD e /7 +H# 0. 44 Z v 1 —J&E (Thickness of N. C. lacquer)
Painted Japanese 7.4 1 20~30p )
7 : :
cypress (Pa. Hi) (Wood only : 0.42) | 4y .1 25mm, (L.p):6~7%
D7 Y > b S 4.5 0.56 Prin i i
- . . ted surface coated with paint
Prigted plywood | (3piy) | (Plywood only : 0.55)
[ EDES T3
bl éd id 5.6 0.52
ywood overlai Printed paper+Top coat : 100
with polyester GPLY) | (Plywood only : 0. 50)
coated sheet[Pe. PI)
()7 AR FR—
N
Asbestos board 6.0 0.70~0.79

(As)

Note)

(@) : FLERTE Width of annual ring, (L. p) : Bi#tZ  Per cent of late wood

(T.d), (F. d), (V. d) : (GBS, K, ¥% 0N RE Diameter of tracheid, wood fiber and vessel
in radial direction.

o D 2HET L E, BEDHHREZEB V1,
ok, FEICE, KAGE @, e=(de/dX)x bRDT, WHTOBOTH 5B,
(ili) Fig. 27~28 TiF, /KEEMT 2 X=0 EETH D 3/, X ik LTHEYIcERLTHY
&, MBETE -~/ DH Y ~BTH D0 ald X OPINECATETFBREL, ATHDTHS
55, MBI T OBANTES . OKDBEER 7 i,

9=(D)x(a)x

LBUB05, c&Xid, Fig. 27 2flict 5 &, KEDEMETRKOBILEEE (0) bk, Bk

NEL, KGARIEBFEL SRS, ABICED & (X 0, ¢ LT, EsEmL<TsY,

DI

BKGBAWHINE {785 T o ENBOHMMER, BB OKSBRE IS AEICHHT



BRI 2218 D K AR & B (B

X (mm)

u : 4 k# Moisture content D : 584 Diffusion coefficient
ot KK Gradient of concentration
2 : Bz # Thermal conductivity (B{f : kcal/m h deg=kcal/m h°C)
@ : 5hrs, (O :24hrs
Fig. 27 5, 24BBIKEKEHERD u, D, o, A DMERDH
Distribution of #, D, and A in moisture-condensed
materials during 5 and 24 hrs.

& (Yert)

@ :5hrs, (O :24hrs
Fig. 28 5, 24EIKEKSEHRD u, D, ¢, A OMEADTE
Distribution of #, D, @ and A in‘ moisture—condensed»
materials during 5 and 24 hrs.
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—0
------ o
x0 S
4 ——— U (24 hr) ¢
q - Uushr) 4
=2 {Pa. Hi)
3
W T
08
0§’
s —~
F %
&
2r z
L k-]
o
~ 8
5\3’: ok
a
2k
oL &,
5 7
X (mm)
(Pa. Hi) : &% v / +#f ({fH) Painted Japanese cypress (quartersawn b.)
(Pr. P1) : 7°) v } 44X Printed plywood
(Pe. P1) : R ) = 257 nALHEAHR Plywood overlaid with polyester coated sheet
@:5hr, (O:24hrs
Fig. 29 5, 24RRIKESEMEERD u, D, @, » OMEAST
Distribution of #, D, &« and A in moisture-condensed
materials during 5 and 24 hrs.
)
(FYA R — 1
“w e A
[ o—eotppa—"
2k 2 @® :5hrs, O:24hrs
widh e 110"
ol - Fig. 30 5, 24 MRUKELEHERD D,
Ve L @ A DT ZNZ b E— KA
° L ol S . . . .
o Bt} Distribution of D, @ and A in
2 OO oo o P2 R i
—— ]q_\g moisture-condensed asbestos board
wd 3 3 _; 0"%2 during 5 and 24 hrs.
X (mm)
EHTEN,

Fig. 28 T, 5, 248 b, D pHHOPRBTAE L, MEICENEE, BEBSETLTOS,

Fig. 29 TR, DR X KH L TATHODOBEATH S, CNOOERFEMBEALEOME TR, BEKS
JBKBORBBMASNEDT, X 8 0 WEOAMED E CADILEISEHLDTHA Do

Fig. 30 072~ bR~ FiE, D BRE—ET, HEAKIKEOTESREEEERT. LML, D
DA —F~ BB L D ZEBiERED,

(iv) Fig. 31~33 REEEICK 2R T, RIERREH0.5, 5, 24RO L SICKRE83IKoNT,
Di/h& {55, (D THRBUALBBHERERBIDNR, /%, A VVal—vYaVE—F, S—F 470
K= FOSKMBRHOHET, X ICHLT D BSETHY0BANSHYD, #ihd s Tab. 11 ICRTHR
OMBDBIKED, A, ~— FR-FRDBVDEEZ S, KEOBMETOWR (B5) HES
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o (Sert)

A :0.5hrs, @:5hrs, O:24hrs

Fig. 31 0.5, 5, 24 Bff/kRiE (A
%o D, « OMERAT
Distribution of D and « in
materials dipped in water during
0.5, 5 and 24 hrs.

o e
" 7
=

i ] -
A:0.5hrs, @:5hrs, O:24hrs S S
. = kY s
2+
Fig. 32 0.5, 5, 24 BfRIKRE (& il
%D D, @ OMEINIT o . 1
Distribution of D and « in L ‘\\A )
materials dipped in water dur- 3 RS Tl
ing 0.5, 5 and 24 hrs. 4 . 12
o
i T e Tl e e e M
X (mm)

THBEBLLND,
=T 4 J R~ F Q4BERE) Tk, Tab. 11 XS KRAELFE L L 5DICHIELT, R

IEBHEHET 2 00R 0N 50 EHiitkD D OREBERTZEAIIT, REESKELHEMICELTHEC
&, BRI, KOBBSESEEEZ L > TRHEMCEIAEL, DEFERIECE, BEBHY
bhdo

(v) Tab. 8,9 iICIEMEOIEFRK, KOBEOTFHME (D, @) 2B %, L BEOWEED
BAY, Dide/+, A, "—FE—FIHLT, A V¥Yalb—VasVE—FE—F 4 JVFE~F
2, BBEUR2~4ET, KPORE - BRBEE T bbb, 2L, 0.5BHREOEAR
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b oSy
.

~
T

Ne ER—FD D p/NSOH, EhEH
T DEBI.
¢ —F, AFA VY al—¥a VR~ Fh

4 BH/ANT, Thid, REIEEDIR & OEIC,

12 7k & OBl T DKDORIL (uptake) H3>
WGE s (Fig 20 3R mENERLT, W
8

6 ° BTOKIRESE—LI NI D TH S

3
..E{"mb‘»
¢ 8r
a §F
it
s
2h
1o} .
8k TR S
g b

X (mm)
@:5hrs,” O:24his

Fig: 33 5, 24WRPKREHE®RD D, @ DM

Distribution of D and '@ in materials dipped in

water during 5 and 24 hrs.

@)  alile
I
ﬂl\ '/vl
8 Y a)
&
v L4

@

oo
®

[A)(B) : BB #IM0E Controlled chamber of
temperature and humidity

@O~®@ : C-C #FExf C-C thermo-couple

3Bl Samples Size 46x46 (cm)

:®{b# 5 X Reinforced glass, Size 46x46
(cm), Thickness 9.9 (mm)

Qe

757 Clamp

: EE#H: Wood-frame for fixing

: d’ YXFa—7 +—24 Foamed polystyrol

7 =9 A Aluminium plate,
Thickness 4 (mm)

-Fig. 34 58 - SMEEIER
‘Equipment of measurement for moisture
condensation and thermal conduction.

®eee®

TR FLUT A=A ; Foamed polyethylene °

Do
TV REREKEOMETR, BREOSA
1Y e M0 D, a Re s w4 G

Of1/2, 1/10 TH 54, BELEOBAR
a0 THY, D RHicEREHON |
BAE D EAICH LT, 7 ¥ MR
BEUEY) = 2 FAFERD @ 1, i
£D 1/10~3/10 DX S ic/h s, D id, ke
TEEA LY, ¥Ho1, REETHEIC2~3/fFX
o TNEOFEEN D, WAKMMEOIEIL, &
HORKBICE Y 5KOBRLDBEIHST 5 D5
B e BEA LT Y ¥ P A, #Y T RFVEE
AR BEGRT, BHEEROX BT IRAF v IV
— b DA = LA BTN, WK R5EE T
WA, D, & ONFIIRE TR E s Bis
"B
INSORD D OSMHICS, HEREOEHD

CIESH B C L BEET HMEND B0 Eq. (13) 13,

X pRE S, LIGESBEMENLL, Hic Eg.
ADIE X ANE L, REEEWENS LN X=0
BXUOEDEED D %, Eq. (11),(38) TRHT
Hd 5 &, MBERELCTHROMS, KREWEERE
e Liets»T, Eq. (13) T, #EIRET~T
D D OSHEOEIEHRT LTd R,

D OSHIREER, D 2k b3R0BED b, ¢

LA X)) KOKEELTVBEWA S, $—X

OBEERYD B, FROEH S5, EREZEL
N, FOENiAE FEICE S FRT
Tab. 6 ICRT LS5, ERIACEENHD, 0

T 1w, DOSTHREER, FhENOBEHSEHBNT
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Table 8. SO MEURE &KS TR (BT
Averages of diffusion coefficient and gradient of concentration
(By the method of moisture condensation)
5hrs 24 hrs
S. No. & ¥l Samples — :
a (g/cm?) D (cm?/sec) | a (g/cm?) D (cmzlsec)
(1) v 7 F [H 0.304 4, 05x1076 . 0.872 s 760077
(m & %% Py 0.424 ~ |7 3.94 7 0.701 To2.96
(M) »~—F&—F (Ha) 0.252 4.20 - 0. 852 C8.77
V) Av¥alb—vaYFE—F[(In) .0.207 8.79 . 0.183 14.9
(V) s8—F 4 78— F (Pa) 0.292 7.59 0. 655 7.92
(VD #®¥e /) 34t (Pa. Hi) 0.036 2,49 0.129 2.52
‘oD 7Y v AR (Pr. PI) . 0.062 | 178 0.175 2730
RY T RAFNVE—N— 1A
(VD) W5 (Pe. BI) G 0.055 . 0.88 0.056 2.69:
(X) 7Rz bFKE—F (As) 0.029 324 0.141 415
Table 9. PO & K> W8 (U
Averages of diffusion coefficient and gradient of concentratlon
(By the method of contact to water)
0.5 hrs 5 hrs’ 24 hrs”
S. No. i ¥l Samples — o -
a(g/cm?®) |D(cm?/sec) a(g/cm?) |D(cm?/sec) a(g/cm?*) |D(cm?/sec)
(I) e /7 + (HJ . 0.100 | 5.347107% 0,443 | 1.687107% 0.655 | 3.05%107"
(m 4 W (P1) 0.216 4,13 ©0.168 1,95 0.513 3.00
(M) ~—F&—F (Ha) 0.292 | 1.99 ©0.280 | 0.671 0.788 | 3.01
@) 4 /[Igf V=¥ a YR F 0.060 | 6.65 0.093 | 2.73 0.124 | 12.1
(V) »—F 4 7w —F (Pa) 0. 251 5.70 . 0.475 | 3.45 1.30 ca. 341
(VI) #%e /3% (Pa. Hi) — — 0.030 6.76 0.120 | 10.2
D 7Y v bA&# (Pr. P — — 0.056 | 2.20 0.152 | 6.68
RY ZRATFN o . .
w37 TH s e, PI) 0.021 4.18 0.036 | 9.16
WBEEZOND,
5. TKER &R *50),. Srrel)
5-1. KRN & BURERE
3 ﬂi@i*ﬁﬁ%x@kﬁ}%’uﬂl, 4 fmm@wx C{#Oﬁﬂﬁﬁﬁ ok U = S D # 2 HIC D TEBL

7zo T T T, MERETERSHD, V\]%’C%Lb\ﬂ(ﬁ}{kﬁﬂmi%%f&@ HM@*M::%?!COIIVC“E

BY 5,

o-x OB, Tibb, MRAKS:DOKSEEIHEE 1(=1/L) OBERICENT, H5 drif
ﬁmﬁ,K&Mﬂ(§%m%%bé)wﬁﬂxidﬁﬂéﬁfmﬂbfmék%iénéoEﬁﬁ%f%

MR EKOBIEEEE A, Ao ETHIE, BEHHEIRORS

b &, kit o, HEd A-¢) L7155,
EFBTNV = a?)f:w W
f=R7 IRl ( 1}\ ¢4 ¢ )dx

................................. (16)
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T bORIC - DEBRRERALT, HHEAOEMSAEERERD S L

W€ F v }\={S:71;+—(7ipx—‘—7m)?’—}rl ..................................................... (18)
Eﬁlj%-j‘—“ﬂ/ A:{gz( 1}'\;"’ +_f7}-1 ......................................................... (19)
nEBR/OND.

R OMEER I NBOET S BICK > TEEEZT 5. HAKSRBEL TEF EEERDHTL L,
HARIREE TR Sl An BERDESEDLLRTTH S,
HRORERE c OEBOMEEEL m, A, BJFXEL C, BROMEEEL 2o ETNE
7\=7\s'm+7\a(c—¢)+7\w‘¢ ...................................................... (20)
BT 5, 2RBWFEeF LOBAT, HERBOI 70, <7 o0BF SNET ZKGH, ClKBHE
HPHICBIRT B EEZ TN D, COXIIDIRET, RELZEFEOHAER

m = LU
m+C—¢ 1—¢ » @D
Cot _C=® i, YT e (22)

mtC—¢  1-¢
Fi, ABRBLTOEY, 30502 & EEERSOMREREL An B L,

m LC—¢ _Ap—Ag?
1—¢ tha 1—¢ 1—¢

L1550 A 75 Eq. (23) DXSIC, KOBBICE T An’ KET 5L %, HEHAKOMEEE A b,
BHEF L OHE, Ed (18) 2BNTFOL S ICEEHE 5o

Am/ =RAge

A:{Sim}‘l ...................................................... (24)
Eq. (23) @ A/ & Ap OBEFERDLT (T 270, k=Aa/An LB L,
Am/ =Ame0s (L) oo PP (25)
o=1—"F+¢

B8 0.2, SEDERT ¢=02~0.3 BETH 595, 6  LIGEVHFEE S, WA, An BETS
AHFHONTHEMT 2EE41R, BE%2 ¢ LAY ST OND, 8%, Eq (25) k- T Eq. (18) =&
EEFTETRICE B, '

)\={S: Am~6'(1—d;2)+)\w-¢}—1 ........................................... -e(26)

Tab. 6 Kk 2&, ¢ & 5 OBERBEYR, vV 274 7RBETH L. N5OK%E Eq. (18)
Eq. (26) ICfRA L7fBIEZIRIC 2 ~ 8 BIFZOTRT .

(i) ¢=a-e+a % Bq. (18) IKRA
Bq a8) o ( p=—der b lanl, — aalteam’y o @n
2L (7\/,=a(7\wﬂ‘Am)/Am'('wO\w_Am)
t=eb%
(ii) ¢=a-e?*+a % Eq. (26) iTfUA

ata

_ 1 . dt
Eq. 26) o { }= 0 Ameb Sa,-ebw (#2—st—1)(—a)
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12120 S=Ap/0Ap, t=a-edTiq
SICHIND 0 ZERDOE D ICH > TR o FEHDHD 0 13, BTEH Amy Agy, ¢ ICE>TET B¢
FA=R =BT, CNICHADMETLT A OB(AT~BNE
(i) o=(a-e?®)/(cret+4) % Eq. (18) iKfLA

Eq. (18) { }= Ai.b{p;qﬂmptﬂuib _[m}tl)zb} ........................... (29)
772U p;L;LC_, A== Am)Am
< =_C_’ t:ebl‘
1v) ¢=C(a-e?)[(ceet*+d) % Eq. (26) icfA
b
__1 € (ct+d)idt
Eq. (26) { } D S (F—ait acs)SF (Gedtadprair (30)

1
72120, S=Ap/0-Ap, (=eb%

I DN TRDEER. Bk, (i)~3Gv) D ¢ % Eq. (19) KRAT 24, TR, 20MHD ¢—x
DOREREZAVIEHAD, LEOROERTH 2L 5 TRERT S,
5-2. HMELBRE® _
MREER, REEESESRTICES &, KESHER L TKESERINS & Ebig, RIBT (g%’ﬁé
P L= T, @M ¢ ERER 4 BRE LT, KESPMEHCRIR I T, TOHRSEHs
HHREEFNICEDES, BPHE Q 1

Q=_;\g—§—(ql.c+qz.g) ...................................................... €))
THEDLEINDZ, FREORBEELT, &1 Zx V2 Y (BRA+EE) THRETZ, C REHE, ¢ &
LT AKABETH D0

BHUKIKEARTER T 2 &, ThB—ROBERSELE DL, ME~DRDEELELEE, VAT,
MREREZERYT 2 KESOUEERE NS 3 LBELT, CARINTERT 3,

C-’?Df' _g_% T (82)

i, BF f BEAE, $805, EIENORBICE Y DILBEM & KSHREERT 5. —F,
BT 2KESE § b,

g=D;-§% ........................................................................... (33)

ThHsh0, BORBTERT 2HEE,

- APV AT e,
Q= {A+Df(ql+q2)—37} 2z (30

EFET B, 2T T, doldX, dT/dX FERNICKD SNIBEHTH 505, doldT bHEHKTE %, Eq.
@GH7T, { } ROFE2HE, XEO A ORMERAEEI NS,
MRIAE TR, =0 iK8555, EEOBEZEBT EEID

Q=_<;\+D.q2. Z;")% .................... et (35)

EIRD, MTRBEH ¢ KTOHETIN,
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- RIC, 92 ERDB DI, @@%(mﬁ@j‘ﬁﬁE b EHESHREE T » oRROTHET Do

dinh _ _ 43 |,
aa/T R

czic, R ZERER 1.987(cal/°Cmol), M BKDHFETH S, Sitka spruce DOREEREY X
v, B—aKkRBcE0ds k& LT X0 9 ZRD, L AKBROBEEERR (B7) THA . MHERM
RHod LT, AM VT OBRBESEHOT—2VEHOT, @ 23R LI THEb LI

3 log @g=—0. 0485+ 2+2.250 (dg: callg, w1 Gg) wreororreesmesenees (37)
*M/\”V7 long~——0. 1127,;,_{_2'531 ( ” ) ........................ (38)

C DR, BEICEM LT 2 REOHHOMEERE, WO Eq. (89), (40) T An ZHMEL,
ﬁﬁ&ﬁsb‘éﬁﬂiﬁ 47\=Df(41+42)~4%~ ................................................... (39)
P DEE E\@%’FEE% AN=D+qge Z;" ....................................................... (40)

MESNA An & An' E5 <o T VOB, A’ KDRAT 7 £KD D, OB, HHAN
TRDI A DA 2n EFBE '

- | T SO B e
e i cwerwe Pl S (41)

1 7= 1 «eeeee2 7, ceierinaanine e eee e
TR G T @)

Cﬂfﬁb, A %té:z.i SIMPSON @f\ﬁ}%ﬂ%b“f ﬁﬁfﬁ%?%C&#T% 5o

A= rax} <[t ra) H4G g )

. +‘2(¢2+y4+...+ rmﬂ)}]—l ........................ (43)

e =1
7z, h= o

BRI 7 R B B bR ASTHTH 5o ABAHHOEEDN (25 2) Hin o TRILS
N3 FarzR, BEEFNELT, PRDEAEFVOFIHEED LS CELDNS.
5-3. HETORMEERER ’
KEEL DI EEICEEE L, WS~ TI S5 BR0MMEEE, MEEREICIESETS 255, ROE
HIC K > 70
B OREERBREED (A) (B) MEMosERIC Fig. 34 IWRTHEMEOWEREZ LDV DT 5,
(A), (B) MsZanicRRERI@mSIEENG, BETMERME —30°C~+60°C, &EAZEHHEZ 20
5% RH Tk o (A) OB F) 7 M £0.4°C KBS 5 & 5K ra‘e AN
Fig. 34 TR LD, 46cm fF, EX 9.9mm DBILHT 2DIT, Kb ERNT, FATHEOMR
WHE@EEE S 4%, (A)EE 20°C, 60~67% RH LT, (B)E% 2°C KhHIgE s, COFE
UM VT 4V a =V Ltk d, (A)EQRER 85~90% RH 1CEw 2 &, HHRESEATICR
, (A) BOKELDER LY 5, cOBBZEMOMEY (C-C, 7718 VB 2RNT, NE
I, I, Il OWEELNE Ui, BEXE O, @, @ OBRENEEZBIBELT, BE<A 7afv T
KRE L7455, 0.01°C £ TRISE Lico 70 S IREHILT T 2 THZ EN2FMELBORE ¥ ) 7 M
£0.1°C PRIcB &2, MBIV, VT, B2 7 VTORBIEHATEIRETS > 7,
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MBI LT, TEMOREXES AGi, Aeg; ﬁ‘%;’%ﬁﬁ&?ﬂbﬁﬁ ADEIEHAE Ry, Ry &THIT,
46;

R1=Rg dg, T (44)
KESOBEDELT, BEMEONE LS, ’RF i DRDDIC d ERNT,

Rd Rye j:dd ...... e i SERRLETET RIS LRIRs (45)
Eq. (44), (45) XY

Ri _ (AO,;/AGQ)_‘= ............................................................... (46)

R (484/48,4q)
WA, B FOMEEREESE As, Lo éﬁm@au&mw&@%nw Ay L EFHUE
. ;\d AeUall) - SN ettt e e e et e e an e e ¢%)

FRRTI, LS ORE S BREBIAS R C 1, Ba. (46) DEMARITE E 72 13T o 5
, NS Lico A R FORMRBIEIC & 2 WERRE B . EORROBEERT L, M
1 BRI ORAMER 133.8 keal/mh, BMTERORES 0 ORMESY L, £ =27 1l
BEAIR (5.8mm) 2 8.8°C, /=% 4 /v~ I (10.1mm) 1 13.8°C, 4 ¥¥al—v s V- §
(9.3mm) |3 24.9°C T %o HEOMIEEOI S A FHFHC B LTl &, SRR BT
T ek AW, WA —s— L4 AH (2.9mm) T 40=4.4°C T, HHEME| dEsmoRy AT
WALSEAIR & b 5750, A FR~—F (6. 3mm) 3 7.5°C, TANZbHR-F (5. 8mm) ;—; 7 7°C
T, ThEREEHONHTE, BEHENKEOE OB, :

ER IR ; |

(1) Tab. 10 BHBHICE > TRBI, KSFHETO 2 OFRI () T 5o rm 2AKES o 10
B BIRHEE CRO IR TH B0 kKL, b/ 43, BB v 23 8.7%, An=0.0859X%0,
7 10~11% OBAEFF LT, 0.090(keal/m h°C) LB e Fie, B/ $HIE, REORWES
ML (Tab. 7 BR), ZOEENEHETEXLLLT, t/*;}\kﬂﬁmﬁaa}ﬁ)ﬂ Utze ﬂiab*fiA
WIC DT, BINOBELZLELIZWO), 99 BOEKETD Ap=0.08~0.094 X b, FiEE 0.088
(keal/m h°C) AKHT, chickhi—Lrco CORBRIY Am DS, HELNIEET 307 % T/HEE
% EF30RE % OBERCTRETEH -7 DT, T T An 2HEBEME LT, ThICHT 2EME () ©
BINR m(he/An) ZRKD 2 QIFEREB VI, :

Tab. 10 @ m (%, {LBEAWIVNT, 1$—F 4 M F— FBBERTH Do AWOKARINE) 13, HEiE
HEICAZELTOAKREGEHDTERAE L, COB, 1ONBERREA L. XR? &b, BXZHE
T5&, 5 UBEOEFETE /&6 m i3 1.12, 1.25, D m 13 1.05, 1.16, {LHEARD m 3
1.05, 1.1~1.15, f V¥ a2l —Ya VE—=FOmE 1.1, 1.2 LHEEZN, Tab. 10 © m OF KX
Vo ZLT, A= FR—F, N—F 7 VE~ FRCTEBFREBOH, TOTNRISIAE,

(i) ’i‘ab; 11 i3 Eq. (18), Eq. (24) A\, EHENCEIE I N A(Eq.(18)), A,(Eq.(24), KiT
Lo THRFESED ONIHEERICHEA) LZNTND Ap ITHT HEME m' 2RHDT AW 1T
Tab. 6 OERR (B & BIEOBENE D) OWMMIKC L ->T, KSBIBEEFF Lo Tab. 11 @ (©
(D) OXANE, (C) HEHEED ¢ L0 A 2R, O) BEEED ¢ LD A ZRDIFBAETH 5,

(D)OBITI, SEMERDRILZ (REBLABERL S, AMEOHH) 725, KSBRIESHEOThE
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Table 10. EEEHRIAS 5, 24 BICB W 2 8YRER
Thermal conductivity in moisture-condensed materials
during 5 or 24 hrs

5 hrs 24 hrs
S. No. =¥} Samples | An (%) y y
' Ae | mo | nelny [(g/mB| Ao | m | nefny (g/mD
% (96) % (%)
S . 1.08 | 230 1.08 | 410
(1) e/ %% (Hi) |0.09 | 10~11/ 0.107 | 119 | "5, g3 0.118 | 1311 "ol 544
1.00| 110 1.09 | 280
A . .
() A #% (P1) |0.088 9 0.094 | 107 | ;o9 123 0.113| .28 ["07| 7.3
(M) /™= FR—F - 1.08 | 190 1.15 | 440
(Ha) 0.112 | 7.5~8 0.141 | 1.26 | "1, 157g| 0172 1.54 1 "5 144

W) A VYalr—¥ 0.98 | 130 1.17 | 360
DU 0. 050 5 0.055| 1.10| ('gg 1 10.4 | 0069 L37 | 1151 Yo

(V) r4—F 4 7 R » 1.01 | 360 1.84 | 1210
N 0.090 | 9~10/ 0.112 | 1.24 | "go| Ya7|0-155| L72| 55| 269
(VD #B3E / +# - 1.04 | 60 1.04 | 140
(Pa. Hi) (0.090)| 10~11} 0.098 | 1.09 | "o, | 155 0.107 | L19| "4 181
oD 7Y v AR . 1.00 | 50 1.08 | 90
(Pr. P1) 0.088 | 9~10 0,093 | 1.06 | oo | 7y ¢|0-105 | L191 o7 | 133
EIETE I
7N 0.08 | 9.5 |0.002| 1.oa| 38| %0 Hot0a| 118 .12} 60
(Pe. PI} 1,01 10.6 1.14 | 11.6
(X) 7TARZR FR— 1.0 0.81
+ tAs) 0.100 0.124 | 1.24| gg| 520 |0.160 | 1.60| gy | 1310
Note) im :&/KE u KB 3EIZEIE, Ay 2 in moisture content # (kcal/m h°C)
Ze e e

M= Tm TTRE T T R(©
AW : KB INE  Amount of moisture and water absorption.

% : ¥4 k% Mean moisture content.
HOIOVTI, ZOFEE2OOMEDETH Do 2 OOREDHET, Ao, Ay OEFICHES DR, B
LEBEELORED 4W 2EN5E T EIED, £0 4W i3, THIEEEKE () ZTRUTKIL
7o _

FEHDO m CHE LT, m =AfAn Ecld Ao/An OEEHEOMEII/NE L, B UAHIRE U HEEMIGE
BLEb DMLV, FRIINBTEL, A B A KDL LAEY, (D) ORMTIE, =T 4 7 vE—F,
FTARZ PR~ FD m BREXVOMRBED, 2R, COMHOBKERMOMEICELT, b T
REVCTEIRFRL TV 5,

(i) BHEED Ao, A» (Dﬁ&d&*f% Ae DA 1o, 1y TEHLT, Tab. 10 @ [#e-n,] BITTRT o
Ae & Aoy Ay (BHEEE(C)) DEMEOEBETH 2 W i, TNTNENLZ0DT, WEMOKSFREZ—HL
TR, TOTNEFBLT, EMEEHEEOKIEE ne, ny BRLTHOTH S, CORRE, %
S DIBA AeDhe, Ay THBo EIC, UKD A— FE~F, /0=F ( J WK~ FD e, 7y BRED
D%, Tab. 10 & Tab. 11 ® AW OFTNBEOMEI IV RENTERBEZ OND. THbL, £/ FH
ClE AW DEF 40(g/m?), & 20(g/m?) IKH LT, ~— FE— I 110(g/mD), S—F 1 7 K- F
340(g/m?) &35 TVBo WAL, /S—F 4 WK~ FTh, AW DEINS N, 7o 1y K
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Table 11. EHBEOFEIC L 2 8RER (BEOES &L LK)
Theoretical thermal conductivity during moisture-condensed
process (in comparison with dipping)

S No. B 14 LEALE From Eq. 18 From Eq. 24 AW (g/m?)
Test 5 hrs 24 hrs 5 hrs 24 hrs C ):a (%)
Samples proce-
durel ,, m’ Ae m’ Ay m’ Ao m’ 5 hrs 24 hrs
180 370
(1) e/ F#% | C |0.099 1.10{0.108 1.20 | 0.100 1.11 | 0.110] 1.22 | (16.6) | (23.0)
(Hi) 350—480 | 490—530
D |0.109 1.21 10,118 1,31 | 0.112 0.24 | 0.120 1.33 (26.D|(27.1)
. 70 260
(o) & ¥ | C ]0.094 1.07]0.103 1.17 | 0.095/ 1.08 | 0.106 1.20 | (11.1) (16.7)
(P 80—170 230
D |0.094 1.07]0.107 1.22 | 0.096| 1.09 | 0.110] 1.25 |(11.4) (15.8)
130 330
() ~—KKX— | C |0.125 1.12|0.130 1.16 | 0.126/ 1.13 | 0,133 1,19 (9.9) (12.8)
F (Ha) 120—190 407
D |0.130,1.16 | 0.150, 1.34 | 0.132 1.18 | 0.154] 1.38 | (9.7) (14.8)
s 130 190
V) 4¥¥al i« | os6 1.12 | 0,059 1.18 | 0.056 1.12 | 0.060] 1.20 | (10.4) | (13.0)
I VA= 170 210
¥ (In) D |0.054 1.09 | 0,059 1.18 | 0.055 1.10 | 0.059] 1.18 | (12.0) (13.7)
320 870 .
(V) »—F 47 C |0.108 1.20 |0.116] 1.29 1 0.110/ 1.22 | 0.119 1.32 | (14.1) (22.0)
WiE—F (Pa) 1080 |1500-—2030
D |0.121]1.34]0.193 2.14 | 0.125) 1.39 | 0.210] 2.34 | (25.0) {(31.0)
50 110
(VD 3 /% | C |0.094 1.04|0.096 1.07 | 0.094 1,04 | 0.097 1.08 | (12.1) (14.1)
# (Pa. Hi) 80 160—220
D |0.095 1.06 | 0.103 1.14 | 0.095| 1.06 | 0.105| 1.17 | (13.1) [(15.8)
40 100
(Vi) Y Y4 | C 0,093 1.06 | 0.097| 1.10 | 0.093 1.06 | 0.098| 1.11 | (11.2) (13.7)
#x (Pr. P1} 60 130
D |0.092/ 1.04 | 0.101] 1.15 ] 0.092/ 1.05 ] 0.103| 1.17 | (12.0) (15.0)
. ~ 30 40
() & )IiT C |0.091 1.03 | 0.091] 1.03 | 0.091] 1.03 | 0.091] 1.03 | (10.6) (10.9)
WALEEEIR 4 60
(Pe. P1J D |0.090 1.02]0.090] 1.06 | 0.090| 1.03 | 0.094| 1.07 | (10.9) (11.6)
(X) 7ARZ b C |0.1231.23]0.198 1.98 | 0.127| 1.27 | 0.217| 2,17 340 1470
H— F (As)
, D | 0.302 3.02|0.318] 3.18 | 0.342] 3.42 | 0.362] 3.62 2960 3200
Note) m'= Ae , m = j” . 26 Ay : (kcal/m h°C)
A

Am
C: & Condensed, D:i%iff Dipped, # :¥#%4/K%E Mean moisture content.

CBEWETEBDT, BHRIEIEAEHRE, Ac & Ay Ay DTN, 5, 24FRHOBE, 108/9—%
UMD EEA BB BHITEAE LT, TANA M~ FiE e, 1y 281 UTFICH 5o

(iv) Fig. 35 12 4W 192 m $7ci3 m/ (=2(C)/An) OBIEZETRT o m, m" OBSIED XD,
EREETOREMSENTH 5, DXL, MRLTOEVSDbEHT, MRREIET 5L

M= Aol Am=4. 617X 104+ 4W +1. 106 VT =0.095  #=0.879:wceeees (48)
My’ =Ae(C)[Am=5. 681X 1074 AW +1.016 4/ =0.069  #=0.950----c---oo: (49)
{m2’=7\v(c)/7\m=6. 780X 10 4+ AW +1.011 /T =0.086  7=0.946:++---s-+-(50)
g = Ao (D) A =6.700X 1074 AW +1.000 A/ T=0.110  7=0.987:++ceeereeve (51)
{m,{ = Ap(D)/An=8.060X 104 AW +0.988 /T =0.125  7=0.988---rereees (52)

T, VT BRESS V OXFE, r RHEBERKTH 5. m/~my @[ﬁlﬁ%ﬁ%lﬁj~lﬁ&czm< L,
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AW =0 T 1.0~1.02, £RD VTV OKE (§ Eq. (62) T, —0.125~+0.125) i3, 4W=0~400
(g/m?) ORWETIIHENL -T, TOREQHWPICRZEA, Eq. 49~Eq. (62) p LK TH Lo L
b, AW O 0~400 DEFEICIE, HRALKE L OMEOKIBNENREENE, —F, miF, 2O VYV
OFOFE (—~0.095~0) 23, 4W =0~400 T, Eq. (4N~(52) © vV OHEIER S, THITD
T, IHICBRELEDD L o

AW =0 iTBF B my, my 13 1.02, 1.01 L7130, my, my RN1.0THBpS, EHHETIE A i
DNTEHE, RBHOWIEE LIzc®), PPRIKE->T5, —7F, Eq (48) @ m TiL, 1.11 &7
%o

okl (Fig. 34 ©®) % 3.2mm OEERLE=VIRICE DR, BEIOKERERFEIET, Wik
T Ao AR, m EERTEE miF, 1200 1.04, 248 : 1.11, 36 F5AT : 1.06, 48M5fH : 1.08iC
85, it =—VEKE, COREOEIITNS L, BEERIOKSOEBIBELONIIVEZELONS
DT, BUA, Kil, KESREICHRINT, MEELPT D, p0E, He=ro A b5
MU XD IiE B, Thid aW BOETOART 205, Fig. 35 OEFRSHEIE 1.11 TRET 5D
EEERBRICINS, Lth-T, micid, MERICERT % 4 ~11%0TNBMEOREERICNIEL

20r o

1
14

xX10°

AW (9)

Wi RESB OIS Broken line : Square root of unbiased variance
r: HBEE  Correlation coefficient

Fig. 35 ZHBOKSBINE W) T D Ae/rms Ae(C)[Am DI
Increase of Ae/An and A.(C)/r, by moisture and water
absorption (4W) of materials.
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TOBEZEZRIFINSTB. ThEBMKT 57080, ROERETE -7,

Fig. 34 icBW0T, (Il | OREYBREORELZY, REEHIESOTRE D »—kEi
>, 1 DOBEBFHNEFEEERET S, WA, ERVICEEOHEEZRDRL 12, RloEE
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Moisture- and Water Absorption and Thermal Conductivity of Materials

in the Temperature Lower than the Surrounding Atmosphere

Masaharu Suvzuxi‘V

Summary

It can be often observed that the temperature of inside walls and ‘ﬂoor is lower than the
atmosphere surrounding them. When the interiof board is exposed to this atmospheric condition,
it absorbs moisture until attaining an equilibrium to the lower temperature. If the surface
temperature of the interior board is reduced under the dew point, surface condensation may
collect on the surface layer of sample and with absorption of condensed water, the thermal
conductivity of moist materials must be raised abnormally.

The purpose of this study was to make the basic data on moisture and water absorbability
of wood-based materials, the distribution of absorbed water in materials, and the increment
of thermal conductivity in process of water penetration.

Fig. 1 shows the apparatus for observing the condensing process of moisture on the cool
surface of materials. The relative humidity in the cabinet was controlled by saturated salt
solution of potassium chloride. The growth of water drop on samples was observed as shown
in Fig. 2 and Fig. 3. Contact angle and number of water drops depended on the difference
of surface properties between water-attractive and Water-re?éllent material. Condensation was
affected by amounts of the humid air as shown in Fig. 4. k

The sample size of each test was 100X 140X 3~12 (thickness) mm for measurement of
moisture and water absorption by one-side face of board. All other sides, except one-side face,
were coated with water-proof agents (polyester resin paint and paraffin wax), Tested samples
and the experimental conditions are listed in Table 1.

The samples for moisture absorption listed in Table 3, beginning at 27 per cent humidity,
were exposed to a forced air circulation at 9343 per cent humidity. The sample number (S.

No.) in the table is decided by the order of 10 hours-absorbed amount. If ¢ and g indicate

Received July 13, 1974
(1) Wood Technology Division
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the amount of moisture absorption at ¢ hrs and 24 hrs fespectively, moisture absorption rate
k can be determined using Eq. 1 by the experiment of the class 1 in Table 1. Fig. 5 shows
the interrelation between k2 and G (moisture permeance rate)

@=@og(1—€7F)  ereniiiniie i e (1)

Moisture- and water absorption test (thé classes 3 and 4 in Tab. 1) was conducted under
the condition of lower temperature than the environment, using the same apparatus as previous
experiment®. One side wall made of aluminium in test chamber was cooled to be near 7 degrees
less than test chamber. Each sample was tightly fixed to the cooler wall. Humidity in the
chamber ranged from 20 to 90 per cent relative humidity by operating a high-accuracy
conditioner.

Fig. 6 and 7 show the effects of both sample thickness and the surface temperature (Ts)
on moisture and water absorption of Japanese cypress wood and its paint coating. The relative
vapour pressure (p/ps;) can be calculated from vapour pressure p in test chamber and the
saturated vapour pressure P, obtained from Ts. The thickness of coated polyurethane may
be controlled to ca. 40 x. Absorbed amounts W of Fig. 6—(B), Fig. 7—(B) and Fig. 7—(C) in-
crease definitely with rise of p/p; ratio.

Table 4 and Figs. 8~15 show moisture and water-absorbed amount of various wood-based
materials under lower temperature. Samples were weighed at absorption time ¢=1, 2, 4, ---until
24 hrs and the following empirical equations were derived with respect to p/ps.

10g W mb1olOg £ dy cweoveereersmeseemmmmme st (2)
W =0gelog tHdyg ceorreoremermsreros (3)

The rates (b1 or by) of moisture- and water absorption become large with rise of p/p, as shown
in Table 4 The W —t¢ curves, as shown in Fig. 8—Ex. 9 and Fig. 9—Ex. 7, illustrate a sharp
increasing pattern until 3 hrs. The minimal amounts of condensation of Figs. 8 and 9 are
roughly calculated from the broken line and the curve of Ex. 6 (Fig. 8) or Ex. 4 (Fig. 9).
The minimal condensation of the printed plywood (Fig. 9) is 2~3 times larger than the poly-
ester-overlaid plywood. The curves of Ex. 4 and Ex. 7 in Fig. 10 indicate a process of moisture
condensation. The symbol H denotes “the humid surface”. The symbol D; denotes “the surface
wetted with free water”. The symbol Dy denotes ‘“the moisture condensed surface covered
with liquid water”. The symbol Dy’ or Dy’ denotes partly wetted or partly condensed condition
respectively. Compared with minimal condensation of Fig. 13 and Fig. 14, that of 12mm thick
plywood is clearly larger than 2.7 mm thick plywood.

Fig. 16 shows two kinds of histograms of absorbed moisture and water for 9 samples of
almost the same. thickness except parficleboard. From this Fig. 16 and p; of Table 4, it should
be noted that the inorganic substances absorb plenty of moisture. Moisture and water absorption
of plastic-overlaid material is increased with increase of Tp—T7s, where Tp is the dew point
of sample surface (Fig. 17). )

It is reasonable to suppose that some trouble in the result of Table 4 arose for the variations
of thickness of each sample. The supplemental experiments were performed on the condition
that samples were trimmed to almost the same thickness. The result is tabulated (Table 5)
and absorbed amount per one hour (W) is shown in Fig. 18.

The values of W are divided into the 5 classes : No. 1~5, No. 3~9, No. 10~15, No. 14~21
and No. 16~22, and the order of W (white mark) is closely related to that of Table 3. In the

case of p/ps~=1.2, mean absorption (per one hour) from 4 to 8 hrs is classified as follows :
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No. 1~5, No. 3~9, No. (11,15), No. (10, 12, 14, 17, 21, 22) and No. 16~20. The exceptional
examples are observed.in hardboard, particleboard and insulation board. Absorption of con-
densed water to pafticleboard increases more greatly than other wood-based materials. On
the other hand, insulation board uptakes smaller quantities of water than solid wood and
hardboard. '

Figs. 19~21 show the interrelationship between absorption of condensed water and water
uptake by immersing one side into liquid water. There is much uptake of water in the initial
region of 0 to 6 hrs for solid wood, plywood and hardboard. It should be noted that there
exist no differences between the gradient (4W /4t or 4W'|4f) measured by the two methods
with the passing of time. The two curves of printed plywood present a similar tendency
(Fig. 19). ‘

Condensed water or liquid water which contact with one side of board is allowed to
penetrate into core part. The distribution of moisture and water in the sample is supposed
to be continually changing with time.

If a sample is made of a sheet composite of lots of laminae and there are little quantities
of moving water which flow in and flow out from a lamina at the distance [ from the surface,

the fallowing equation is derived

_ EP;) ( o9 ) =<_B‘L) .................................
‘ Dl(aX Z+D1 20X /i+éxy of X1 (4
where ¢ : weight of moisture and free water per unit volume, X : Depth from surface

(Distance), ¢ : Time, D : Diffusion coefficient through the horizontal flow as shown in Fig. 22,

3X : Thickness of a lamina. The flow equation in the #z-th layer can be expressed as

—Dn(%)l-o~+5Xn_l+Dn ( :;z' )Lm+6Xn =(%;E—>5Xn ..................... (5)

The water accumulated in 53X, 5Xg-8X» is obtained by the summation of Eq. 4:--Eq. 5, that

is:

_Dl<%)l + Dn( aa; )L...wxn

If the relation of $-X as shown in Fig. 22 is measured by a suitable experiment, diffusion

= % (%f—)ﬁXi ........................... (6)

coefficient D at X =] is approximately given by the following equations :

Dn( :;; >L.“+§Xn ~0 (tfxe n-th layer the opposite side)
[
_ 1 (ax ! 11— ) e - :
D= —Z(-ég—)l{g,ﬁiqu)_ 1(¢; ‘Pz)} . B 7
or

=Ait{jf ¢dX~¢i<L—z)}
(5%) e, ~ (%),

Figs. 23~26 show the experimental data of ¢ vs. X under the condition of dipping one side

of board in water during a constant time interval, thereby, ¢ is determined from ‘moisture
content in the sliced laminae. :

The empirical equations of ¢—x (x=[/L, L :thickness) are listed. in Table 6, where the
experiments were performed by the two methods of dipping one side‘im water and condensing
moisture on one side surface. We can get the gradient of concentration. from . the function
of ¢(X). '
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Figs. 27~30 show the distribution of the diffusion coefficient (D) and the gradient of
concentration () in the case of condensing moisture. Thickness and specific gravity of the
tested samples are listed in Table 7. The moisture content (#) and « near the wetted surface
are much higher than the opposite side. The transmitted water may be increased near the
surface covered with free water. Diffusion coefficients of plywood and hardboard, using Eq. 8
are plotted and are surely smaller than that of particleboard and insulation board. The figures
of particleboard and insulation board form a convex curve in ¢—X relation, and this will
suggest that moisture and water movement per unit gradient advance more strongly at the
core than at both surface layers.

The diffusion coefficient of the samples coated with synthetic resin shows a decreasing
tendency with X (Fig. 29).

Figs. 31~33 show D and « obtained by dipping one side in water during constant time
intervals of 0.5, 5 and 24 hrs. The diffusion coefficient in Fig. 33 is calculated by the Eq.7.
With increase of time interval in each figure, the diffusion coefficients are reduced one or
tWo order of magnitude.

Mean values of D and « are listed in Table 8 and Table 9. The mean diffusion coefficients
of particleboard and insulation board are larger than those of other materials, and the gra-
dients of concentration of the samples coated with synthetic resin become smaller values than
those of untreated samples. )

When moisture is condensed on the surface of material, water vapour is trénsmissivé
and the pores in the cell are being filled with water. As a result, the thermal conductivity
is changed to a large extent. If the two phasés of both material (substances with air spaces)
and water (bound and free water) are. postulated as a parallel model, the resistance of heat

conduction in a minute thickness of dx is defined :

dx
m. ................................................................. (9)

where An and Ay are thermal conductivity of material and water respectively. The equivalent

thermal conductivity of two-phase mixture is as follows

A={S;(T—qb)7‘\l:,c*—+~q$7ﬂ,_}_l e a0

Considering that the air space of the pore in the cell and cell wall is decreased by the

penetrated water, A is modified

A:{Sl__i._____}ﬂ ...................................................... 11

0 Amt(Ap—2Ag)P
Aw=0.5 2=0.02 (kcal/m h°C)
Condensed moisture will yield the heat of condensation (g;). Transmitted vapour is adsorbed
by the hydroxyl group in cell wall and yields the differential heat of sorption (gz;). These
heat energy values should be added to the total quantities of heat. A, of Egs. 10 and11 must
be modified by the following :

Increment in surface thin layer Ar=D f(q1+42)—§—% ----------------------------- (12)

Increment in core layer ‘ Ar=Dyqye Z’.q;‘ (13)

where Dy and D, denote the diffusion coefficient of surface thin layer and of each layer in

core. By substituting dé(increment from air dried basis) and A, (=Aix+4A, Ap : see Tab.10)
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into Eq. 10, thermal conductivities of each layer in sample are calculated and shown in Figs.
27~30. :

The measurement of thermal conductivity during moisture condensation process is per-
formed by the method as shown in Fig. 35. A sample fixed to the reinforced glass was exposed
to the well-controlled condition of 21°C and 85% RH and the surface temperature of sample
becomes dew point by cooling of (B) chamber.

Thé thermal conductivity Ag during condensed process against non-condensed A; is as

follows :
Ag=Ags (Jaf1) N oeeeeremmms s e 14)
(B3] A80) i
(8] 364) (15)

where Ig or /; indicates thickness of condensed or initial non-condensed state, 464 or 46; tem-
perature difference of condensed or initial non-condensed state, and 484y or 46, those of rein-
forced glass. A; was measured by the method of the guarded hot plate.

Table 10 shows thermal conductivity in moisture-condensing material the above-mentioned
experiment and 7 is the ratio of A.(condensed) to Am(non-condensed).

Table 11 shows the calculations of thermal conductivity using Eqgs. 10 and 11 and each
value of 4W is obtained by integration of the empirical equations listed in Table 6. The ratio
m’ of moisture condensed method is smaller than the ratio m and the relation of A, >A. and
Ay is recognizéél in many cases.

Fig. 85 shows the relation between 4W and the ratios of m(Aef/Apm) and m’' (A (C)/[Am).
The regression lines are expressed as follows :

M= Ao/ Ay =4. 617 X 107+ 4 +1. 106, AT =0.095, 7=0.879 :reeens @16)
m1’=Ac(C)/Am#5. 681104 4W +1.016, ~/7 =0.069, »=0,950 «---- an
My’ =Ap(C) A ="6. 780X 10~4+4W +1.011, /7 =0.086, r=0.946 ------ 18)
V : Unbiased variance, 7 : Correlation coefficient. It should be noted from the precise test of
condensation on polyvinyl chloride that this type of the experiment has an overestimate of
about 7 per cent for thermal conductivity in condensed state. If a shift of 0.07 for the regression
line of Eq. 16 is done along the ordinate-axis, both limits of 4/ in each regression line
will overlap each other and as a result, the calculated values approximately agree with the
experimental values. The distribution of thermal conductivity in material is shown in Figs.
27~30 using Eq. 10.



