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Masgaharn Svzuxir Studies on Wood-based Components for
Prefabrication of Residential House (Report 1}
Studies on nmolsture permeation and moisture condensation
of wood-based panels

2o R 1/5‘%(7{
i L O O ; .
ERFLEEE S, P

-f?’)ﬁ?ﬁ% 2RE NG i !
"Cb Z 2VFENEY i "”sv‘“?m%“y

3-5-1. g

3-5-2. {&/\/Mp =P8
4. FL Y ERE
X R
Summary -

B (3 Tl oo reeneertan e e e et e e

197348 6 [ 19 B8
IFO I N 7



% 257 %

LR U ¥ K

FBRT VoI, JEO wood frame WEEOEETE, $5 1 DOEEIEABE T 2 HME
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CHEBB L.
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LR © S BRAR ST iThbhi,

i #

(Symbal) iy iR (Technical terms)
Ya Specific gravity in air dry
o Moisture content
! Thickness of specimen
r Temperature
Tp Dew point
4 Water vapour pressure
b Saturated water vapour pressure
h Relative humidity
« Absclute humidity (per unit volume)
Q Quantity of heat
A Thermal conductivity
% Thermal conductance
v Resistance of heat conduction
K Heat transmission coefficient
R Resistance of heat transmission
™ Heat transfer coefficient
Fen - Resistance of heat transfer
Yah M7EEEHT  Resistance of equivalent heat conduction

in hollow core




(Symbol)

{Technical te
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% {0’}

I

Dy

Dy

i1

dy

Yy Amounts of water (or water vapour)

Moisture permeability constant  (Approxd
value)

Moisture permeance rate

Resgistance of moisture permeance
Moisture transmission coefficient

Resistance of raeisture transmission

Moisture transfer coeficient

Resistance of moisture transfer

i Resistance of molsture permeance in hollow cove
] ] HE 5 Surface resistance (8 indicates

the surface resistance of moisture or heat)

he £ T
KEr D

FINT

{Hffision coefficient of moisture
k.
Hollow core (Alr space)

P 3 Insulation resistancs
Fach part in the cross-section of hollow core
panel (See Fig. 10}
Relative humidity inside the cup for measuring

moisture permesbility

Retative huwmidity outside the cup for measuring
meisture permeability

Denoting the time when one side of panel is cooled
Denoting the time when temperature is coming
to dew point

Showing that the surface of material is moist

iRy Showing that the surface of material is
wet and stained with water

240, Showing that the surface of material is

partly wet and ned with water

Muoisture condensation are observed in all

20-~-30% of surface area
ains with water on the inuer face

hallow

Moisture condensation on the inner face of
hollow core panel

(Symbol) 73 $h (Material name)
M BB o~ 4 Material
Hy = J 4 Hmvoxt (Japanese cypress)
Ay oA v Y Axanarus (Japanese red plne)
B v J Bona (Beech)
My DS Mizuwara (White aak)
» A

Plywood
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WELE (Symbol) # s £ (Material name)
Fr P # Printed plywood
NP 5w f s Al Plywood coated with N, C. lacquer
Py P AN = RFBBLHIK Plywood coated with polyester resin paint
w. P A WF oy LA Plywood with fancy walnut face
Cyp. P 7 v A4S MW Cloth overlaid plywood
PP IS A Painted plywood (plywood coated with colour
paint)
EFP V2NN Exterior plywood
Py 5. P BY 2 AFAEGI (R Y = R FUEEEL ~ S~ U A 410
Polvester resin sheet overlaid plywood
PCP Bvd —— 1A S8 Polyvinyl chloride sheet overlaid plywood
D.P Dap g4 —N— L of 2K Plywood overlaid with diallyl phthalate
impregnated sheet
Fy. P T g A - A4 S Foam overlaid plywood
Hy N K- | Hardboard
P Hy FEHEEE o~ ¥R~ Painted hardboard
Cr. Hy 7 ARED = FR—F Cloth overlaid hardboard
Py 28— 0 4 i — F Particleboard
P.C Py B A N U 08 T i
Polyvinyl chloride sheet overlaid particleboard
i A VY al— g Vi~ F Insulation board
PI REHSmE L vy A~ g Vi~ F  Painted insulation board
W. P+ TEx Py MERESHE B Y~ RV ZF YT 5 — 4
M P.S+ Composite panel
FE Plywood with fancy Walnut face + Moisture
proof sheet + Foamed polyethylene
PO Py + g e U 58T R~ P BRY D F U T 4~ L
FE Composite panel
Polyvinyl chloride overlaid particle board +
Foamed polyethylene
Pp P+ G TY VAR ET YR~
Composite panel
Painted plywood + Gypsum board
G FroaHE—~F Gypsum board
Ag T OA R Asbestos board
Ag. C Li#A L~ Asbestos cement board
C E KEEA P VIR Cemented excelsior board
Ro o T 4 VY Roofing
M P C Bz oy » v Moisture-proof cellophane
o w7y y(HEM) Cellophane (Moisture resistive type)
M. PS8 B >~ b (47 4 24 Moisture proof'sheet (Composite film)
F.5 RY RFa—w7 43— Foamed polystyrol
FE BYTF L7 4—~4 Foamed polyethylene
NCOL Z b —RX 5y A~ Nitro-cellulose lacquer
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LC, Fig. 1o

6.5cem), (b)) iH

60~80 cm/sec 1k

LOTHIEL.

5, Fig.

Note) P:
M

vV (@) (b) ¢

The cup (a) (b) and the aluminium box (¢} for measuring

moisture permeability.

T
oo,
2 G,
8 .
Note) 2 2.7 mm B4R 5
(Test sample 2.7 mm o,
thick plywood) i “"%%
hy=100%, o= B0%, o
ZOOC' L 1 L : 3 i 5 1 i 1 : i 1 i 1 i
4 B 7z 0 20 24 8 3z

The weight loss of cup during moisture permeation.
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(P93 40X 40X 7 (E &) (cm),

PUARE 1.12X 10%em®) O ki

H v FRDKEGL

O S A, BRI IE RO T, BURMIBE & D3
Zoap LN, BUFT, BUGIESR

CACH N S

BT 3 2 0 O BB

DD KIS

..... = frdpus S JOUPS AP wvve s e

ZWRT AL 0bNE, 22, Jeer @l v PTHEIC

Rp=1] [ [ = df)iW .....................................................................
oA D Lo (1) BREZESEELM, (2], (=0T,

ST G SO

BT AIRY, =0 TEREBNRET SO
EnboiE (Fig. 4 SBHD, ho P 50% BEICHERL TS

27 L § 47 e
Ly Ru=0 38888105,

HRA DS

BE B, Bo BEOP DENE Gy 2T 5 S

Ry (

BELEZ, 20°C T, &

J&, 1 0.08 (mfh mmHg/g), D40 cm/sec @ 0. 06 (m%h mmHg/g), 50cm/sec : 0.05 (mh mmHg/g),

30

. Ply wood
25~
Ia}
1
201
[
a 2!
21 |
£ g‘:g\ i i i, it 1}
£ ﬂ 0
< P
g £l 200
e T Particle board .
£ <
o 24
15 ]
o

G 2 3 5 5 T e 2 ; : ® R
g i £ (e
Note) 1.t hy=100%, ho=51%. Note) &R (Plywood) @ Be=100%, A=
2.0 hy=100%, ko= 20%. 20%, 19.0°C. %7 4 7B~V (par-

ticle board) : iy =100%, ko==20%, 19.5°C.
G, T g TR PO
i (Bw) SES () 0BG
Relation between Resistance of
moisture transmission (£,,) and moisture transmission (Ry) and
thickness of Hivox: wood (1. thickness of plywood and particle
board ().

HHL (R

DORFR

Relation between Resistance of
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W vy 21,0 Lo Lo v
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, ; o 6
e b 38— o e a 5 .
7 P 26 309 i ¥o==0, 435
{H: Gl 76 5
21,0 100 s
2, 9.9 #0040
21,4 -~1~" ’ 5 *
10
, e
: 10
19.8 8 |
. 21,0 0
‘f 3 Ky
FT e g .
‘A 19.¢ 5.8 & o,
Ax ; . .
(Ax] A 4] : &
s - |
3,‘4)"‘) ';. ‘\d
i i
v G
7 | O
e o-8 -
L9 6 1 =061
1078 9.8 0
3 2.0 ” i 9.8 10
M 0,0 61 -1 '::: s 3 8.3 g
o 20.0 100 1288w &, 9
DO S 20,0 ! 1.0 &0 G
(M1} 20,5 . 4.0 o
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Table 2. kB ¥ B © 5 5 %
Moisture permeability constant of wood based materials
BE | L L BEE G | FEER ] s m s B S e ow o
BoRb M) | [Ty P (g/mh ) s (73 (1 - References
0| @ | Ummag (mmﬁg,g) (g/mthmmHg) =~ mm | (2] )
19.0 | 20—100] 5.3%10°% |  0.40 2.6~12.6, 6
& W (1) | 20.0 [50—100| 4.7 o« 0. 30 ” 7 | rq=0.56~-0,65
(P) 19.0 |66~—100] 5.0 » 0. 30 " 7 35 ply
20,0 |88-—100] 5.0 0. 20 ” 7
, 19.0 [15— 26 3.7%10" 0.95 2.5~12.1] 6
A WO -V 86 . : ‘ e 740, 56~-0, 65
(P] 21,0 | 40— ég 3.8 # 0.75 2.6~12.11 10 3~5ply
& W (3 | 19.0 |58--100 [y’ =3.7X 108 0.64~0,69~0,74 | 5.4~5.6 | 5 | ry=0.63 3ply
[P} 19,0 |53—100 |p'==3.4 » 0.92~1.13~1.50 13.02~3.06] 5 | #4==0.58 3ply
0.5 | 44—100 [y’ =1.03x10"3 0.18 5.7 3
2.5 |55—100 7 =’5745“’ d 0.26~0.28 5.6 6
~ el . -
& B oo 4 | 2s 4 0.2 .1~12.1 7 | Ta=0 567065
(P 2.0 3.4 0.4 2.6~12.1] 7 g~5ply
30,01 » 4.8 o« 0.4 ” 7
40.0 ” 6.2 0.2 #” 7
2 lee ion 9 =3.72~ "y
» 2.5 |55—100(7 75 570 0. 061~0. 070 6.1 5 | Fin
N Bl F 19,0 127100 1. 43X 1078 0.1 1.2, 1 517 L, i
() (Hal | 21,0 |57—100] 1.43 » 0 " 5 0. ¢
20,5 |76-—100] 1,43 0 » 5 1w
gg: 4100 2.0x1078 0.500~0.578~0.670| 3.5~3.7 | 8 | fin
s Fall= ¥ 94,0 so ----- - 76| 1.1~ 0.310 3.8 3| v re=1.02
(@) Hal | 23.0{52—100] 2.1 ~ 0.319~0.340~0.357} 6.2~6.4 | 5 | » 1,08
24,0 |50— 76| 1.0 # 0.165~0,240 | 5.9~6.31 5 | »
’ 5y
e yi=1, o0 e \ 4 <
f | 2855100 T 1.70~1.78 9.1 6
M U | 24,0 | 20—100| 4.3X107% | 0.28 1.2~8.8| 7 | , o o
(1) (1) |18.5 49—100| 3.7 =~ 0.26 ” 7 s
22.0 {72—100| 8.7 0. 26 » 7
f/fj‘ﬁ/;ﬁ“ V; 20.0 | 44—100 2.35 9.1 3 0. 270
=] o 5 45 > - 3 V==, &f
o TNy |20 jas— s 1. 27 .0
2.5 | 55100 by’ =1,50x10"8 0. 156 9.6 4
ST g 7y | 19.5 | 20—100 s.sxéo s 0.2 2.7~9.91 6
He ¥ (1) 20,0 {53—100] 5.5 o« 0 ” 6 | re=0.727
(Pa) 20.0 |76—100| 5.6 # 0 P 6
20,0 |90—100| 5.8 0 | ” 6
7S F 4 7V | 20,0 | 44—100 [y =5.2X 1078 0.475~0.525~0.545 9.9 6 o7
'5‘”{]},&](2) 24.0 | 35— 76 [/ =3.4X 1073 0. 340 10.0 3 | Tem=0.72
/o —~
2o g g | 20,0 | 42—100(7 TS0 0. 230~0, 255 15,4 5
=¥ (3 g 740,710
(Pa) 24,0 | 45— 76|77 (00 0. 2400, 267 15.4 5

Note) fin:

o B e FOSEIFTEDS Iy ] (o FEEERD KB 5,
This symbol shows that the smooth side of hardboard faces »; C(higher humidity).
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References

o LG) L
(%) (g;nvh )

mmHg

0. 366

0112, 2X107%  ~0, 4 6 fin

7 "~ :
o P
0. Fot
e 3 in
N 2
G. 3 ot

7 5] 100]17, 7% 1074 4.6 3 Fin

5.6 3 Fin

b
3,41 S 3 g i .
b")‘ LX10 bl Jan ( Polyester resin
! ) i te
24,0 |51—100: 51003 fu mmreg”a“?dl sh
23,8 50— 76 3.0 3 | fin e
23,8 150~ 76 3.0 8 0 Sor
Y
v 8 ‘I Polyester resin
- 5 impreg natad sheet
e 4 e
5.7 3 fm C %100
a8, 7 3

23,0 5.00% 1074 0.167 3.0 8 fin) pianyl phthalate
24,0 0.161 313 fae -
23.0 0.152 301 3 | fia ‘mprwmm‘éiﬁ‘fﬁtﬂ
24,0 0, 083 3.0 3 Fu =
‘ .
! " 0. 164 Lo
20,0, 21,50, 1008, 12X 1074 ~0, 325 2.5 8 Fin )
‘* 0. 45 Colour paint
2.6 3 0 Fat D 15100
0. 333 2.6 3 Fin
0. 476 260 3 1 Fa

0.078
I . 210,225 2.74X 1074 ~.0,098 | 2. 3 Fin
D/Lf{ ey ~0, 114 ) Polyvmyl chlar;d«z«

%
"
i

—

O

IS

o3

«

K 24.0 | 51—100 0, 098 2.9 3 fo { sheet : %
P.C. P 23.0 |5l 76 0, 090 2.9 3 | Fin
24.0 |81 76 0. D48 2.9 3 | Fu

R ; O» 239 ' fin
THELH 23,0 1 58—100i15 -0, 251 6,0 5 ¢ Coated with N. C.
(W. P} ! : Q) 264 ¢ lacquer
28,0 160--100|6.56% 107 0. 130 5 Sfin
AN 7 1 1) 23.0 | 60~—100 0,124 501 2 ferl used for outside of
(P. P} 23.0 (56— 76 0, 069 5.1 3 ] house
5 0,071 .01 5

23,0 56— 76 0,07 5.8 8| fa

0,180 6.0

19.0, 20,

I
o
ey
o

I8 Yo f

|
s :
i 3 }‘ 'm‘.

=R 23.0 0.172 5.8
(Fu. F) 24,0 0,129 5,9

Note) fin: {hi
Jor + Y

%, Decorative side faces hy (higher humidity).
05 g N B o Decorative side faces by (lower humidity).
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1Y, BEEE g b
Vem 75 R WHLTHATE ZBREOAS SO LS
Ro¥m FrrGeevenriereraeninns PPN et (7
EHY, BEEEERJE2 6 TRALTALNI LIS, 0 eq (7) 20D 2HMEE UT, Wi
DT, 5% T O
B X 1 OHBBEGESERMITRO BSOS S, eq. (5), (7) &b » DHEEM » 2820 L 51

NTIE Ry 58 4 (mPhmmBg/g) PETH5C EMBETHES S,

B o S PP PP RPIPIRY (8)
LU AR 1,
INSDEZHT, EHRHCOVT, 0w, G, T, S el
TER SR O 12 WAL K DI L7 Ae=100% OBEZR 5
Bo Fi, he=100% |3 V6%, 86% BT, # QELK

SR BT B &, BEINSV T EBDh S

4 fo ks E% Table 19 o5k

Table 1 Z#MOBEER
é:, /2(; Z)i'fgih‘liéf
ENESTH B0 FNENIC DV TE LN

Table 2 O&K (1), (2), (4) BEIOBRLITHAT, X 2.6mm ObOMn2HER, M

LE5DLDDRE, SF (4) RNEBESRLIEETED.

T Vvl PILEE ffﬁi?}/“‘f” D g (=5X107%) 7, R Fld =12 X 1078 D K D RPN E

Vo J b Bl VO (EX 3 6mm) QRGN (B s.6mm) KEETE. COETE, h=T6%

T (ry 10~ B () | BREK (G B E (1)
hmds o:c paint ﬁims ‘ o) : (%) (g mh mmHg) (g;m”h mmHg); ()
32100 4, 70X 1078 0. 0758
i 44-—100 4,31 ” 0. 0695 s
D19.0~20.7 | 52—100 5,46 0. 0881 (‘ng 632
5 oy o o~ B L 65—100 5.2 » 0.0890  (60~631)
N. C. lacquer - | : 86-—100 6.57 » 0. 106 |
20 5le- 76 4,41X 1076 Qo711 av. 62
o 65— 76 Po4,40 0. 0710 i (60~63 1)
| 32--100 3,78X1078 0.0189
; 44100 | 3.35 »# 0,.0168 .
119, 020, 7 52--100 4,40 # 0, 0220
H) XA F BB 65--100 4,30 # o oo | (180~2154)
Po]yester resin paint 86-—100 6,36 0.0318
29 0 | 3.30%107F 0.0165 av. 200
22, 3,60 » 0.0180 (180~215 p)
1.6u><3'0 5 Q. 103
T3/ T oAy PERE .91 o~ 0,123 155
Amino-alkyd resin 19.0~20.7 2.26 0. PR
paint 2,69 # o (160160 )
4,83 (O
AR L 32—100 | 3.63x 1078 0. 0589 62
Palvurethane resin 19.0-~20.7 | 52—-100  4.60 7 0.0742 (2;7;\46?;;)

paint ‘ j 86—100 | 6.32 ¥ : 0.102




For B3 Fin

For DHEE S0/ S Dap &4,

LS o, AME

-7 )b
iy

o Table 2, 4 &7

(8 1ic

4X 1078

:&6x393

(D ¥y, 0. 65 (m*h mmbgig)

NC T wh—0 vy 81 m»ﬁ--mw. 2 (m2h mmHg/g)

5X 1078

Table 5, % R CHE o B
Relation between thickness of paint layer and moisture

transmission coefhcient

¥oW ho fts
LA (u) (g m“’h mmHz)
21,0 O

‘ 5 5 7

2 6mm thich plywouad v " N f
coated with N. C. lacquer 4 g 0,18

#” it &8

. 0,8

( I 7

2.6 mm thick plywood s %

coated with polvester resin i e p

Note) (Both limit of paint thickness) + 5 g

b s . P U
e U A S
(%) C{gimh mmig) References

) ¥
N, C, lagqum layer i o
on Hivox: wood ! st U ; 5

2083, 2X 078 L fup
£IXI078 L fy

LOXAOTE L fay

AR 5.
N. C. lacquer layer ; “ FAN.COL)==%96u
on Bona woud S o
IAFIFHMEONCO5 v A - : §0 76 Fin .
N. €. lacguer Iayer ! ST N CL
on Mizonara wonod | For
NC 3oh— ’ : .

N, €. lacquer on p tywood | 4 Sin, £ 9.CLD

-0 R Y T v e 20,8 Sor, 1 (Polyester)s

Poiwster resin on plywood - | o e 4T~
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Note) “FHUME : 2.6mm &M (Base material : 2.6mm 2 6 /

£

thick plywood), ‘} CN.C T h~— (Paint: N. g o
C. 1acquer), h«,"" 1()0%, ho*—*EO% 21.0°C. I
€

«

Fig. 5 #& 5 (1) %
DEE &
Relation between Resistance of moisture trans-
mission (Rn,) of painted plywood and thickness
of painted layer ({p). i | ; {
6] 2 4 [ Bx10
Op (M)

DA, WEAHRD f—w -={. 06 (g/m®h mmHg) LT, o 1/2. bHhH, Fig. 513

BRHUDICLEE Ry OH }Ju);j‘ BERT, Wi COEMOREED 9%

HEL Lo Table 6 OB TEICHES LS, Table 4 O 5X10C I LT LAXID S DL HinkRELK
D, THERNTLEOHEADLDET L, J=0.15 &R0, FEIMEE %I 5, OW LO% D 1]
CHEARD—RE LT, & FTEBEEBORE-—ZEEDRY, T DR

BEOILEMEL LN S,

39 v (A KT, BEREMSLER 2 £ 210 00T, RSB HEEL LisiERs Table 6 0
L REBICORT . T o A DS by KT S (few) B4, Table 6 © 3BT, »'=1.8~3.2X107%
Thl, Table d DT o H~FHED v =4.4X10° D6 {ETH A, L L, BEED b IKHT 2 (For)

Biexd s =
Moisture transmission \,oefﬁcmnt related to the location
of the painted layer against higher humidity

e A R s |
R on iy ek L (Rwm) Oy [ER i F
S i (003 (%) f(g/mﬂh ) (111211 );(fnm) [#n] References
A mmHg/|\ mmHg/g
Pk 78 7 L2 50
(5 o 5 —BBE) AR o B g0 | a2l o
. F +lk /%] Lo 7 0,139 7'7 7‘8 ” N C L]
{N. C. lacquer layer) T PR I e £ =120
+ (Huvoxr wood) = 7 ’ 0.072 13.8 281 £
! " " 0. 068 14,8 7.8~ ot
R IOV (200 40 T L , .
S (FH=) 215 les O 0. 204 4.9 | 2.5 ! fi ! (polyester]
P ¥ 7 { i i =78
{Polyester resa‘n layc;{} s " 0. 147 6.8 Losy »o =78 u
+ [Axavatsy wood] 2" ; e
- [ 23,0 148—767 0,189 5.3 3.00 5
(5w H— iz ., h p
foE 0L ois es o eo) o, [Mmimen
(N. C. lacquer layer) | ‘ e b =96
+ [Busa wood) ” ” 0,069 14,4 3.0 ”
v " " 0. 065 15,4 il on P
23,0 |52—76 0. 141 7.1 2.7 3 }
iR ” " 0.132 7.6 3.2 o lbf )
FNATID L, 0,114 8.5 520 . T ENCGLL
(N. C. lacquer 1aym} Lo, W 0. 060 66 L 5a ” =105 pn
+ [Mizuxara wood] | F
R u 0.057 | 17,5 LB2) o ot
i i

Note) 1. fin @ BRI by (iCH 5, Painted side faces fy (higher humidity).
Jot ;’zo fa C%éo Painted side faces hie (lower humidity).
2. Aphth (/);j(, DIEEHE BT, Moisture movement is along tangential divection of wood.




18.0 G =0, 087 6
20.0 . {0. 088 30--33 s
0,118 i
i 0.0 ” ¢ 6
)
| ~
T4 Ve 18,5 7 e 4
i B
19,0 o 4
1% 17,0 26--100 1 152K 1077 0,002 5
;20,0 621001 1,73 # 1 e 0,0024
R— ! .
i !
*2 17.0 @ Q0140 i 5
LiU
20.0 w 0,0158 5
NS as 18,0 o 0,0030 &
A
20,0 v QL0016 &
W T Y : o 0,038 | ca. 0,95 §
Ro) 1 305 # 0,032 Po(mm) | s
§
18,0 ) . 4
OB OE RS : 106108
21,0 &
G=
Y0 3. 0280, 5
20.0 | 0. 02 0380, ¢ : a 200 6
19.0 0, 036~-0, 039~-0, 1 6
21,0 0. 0385~ [}
; i
20, € 18- O . 3
“ Lo 1 ca. 204 ©
19,0 57100 4]
21,0 74100 6

Note) =] Lﬂmpﬂs:t(‘ %heet (KOP+PE-+CP), KOP: @R Y 7w 7 - Stretched polypropylene, PE:
Y ond v v Polyethylene, CP s Y 7 e Unstretched polypropylene.
%2 Composite sheet (OP+PE+VE-+PE), OP ¢« 1 7w ¥ Polypropylene, PE: Y =% 1
Polyethylene, VE = ¥ Viaylon.
+3 Polypropylene vacuum-evaporated with Al
x4 Wood~-grain printed paper.
5 Printed paper impregnated with poelyester resin.
*6  Printed paper impregnated with diallyl phthalate.

i

Table 7
.

i f’éns 70[ u)”‘}/dli DS Ry @

<, N /7 L’)zﬁ(\/}"ﬁ\ {\f‘i Cdh - ioa

("

\f. ]

W &5 75 ¢

Table & 1 TH %o
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Table & & B H B o Z HEWH &
Moisture transmission coefficient of each kind material

(= S i E ey " -
b oo 1 ke BRGEEECR G F e g
; ' ¥ o (%) (g/m*h mmHg) (m"n)a) (s} References
S A Sy F LA f | .
it DA {,.{_j— Y :I"_?-l// - 46”!’()% 0.008~0,012 10,1 6 P M. P S-1
VT e da ) | Y o0.012~0. 015 (P61, FE4.0) 5 “ M. P. 5
(W. P+ M. P. S+F. E) : ° 1
w2 A 23.0 | 60—100] 1.05~1.23 2.8~3.1 6 S
. =0, 58
c.rl 23.0 | 60-—100] 0. 46~0. 51 5. 7~5.9 8 ra(P)= 0. 62
R S el ki . i A ; 11.8
&JR . 24.0 | 51100 0.36 (P26 Gio.oy *+  fim

B~ ] s8] i
P T £24,0 51—100 0,072 | 8.7~8.9 4 | fig, Fa=0.76
(P, C. Pa) !

WA — s 23— F ,A,
- £ 1T 46--100, 0.010~0,013 12,4 6 | f
:{7/1/“}‘ i‘+‘4 ) 24,0 o hd P.C. Paz8.7, f?in;') .
VT - 51—100 0. 021 F.E:3.7 4 ralPa}=0.75
(P C, PA+P,}3J e
78 AR N A 23.0 60100 0.21~0.47  3.8~4.0 6 ! Fen,
(C. Ha) 23.0 | 60—100, 0.11~0.17 6.3~6.6 6 7a(Hal=1.01
TANA R (As] 215 | 44—1000. 42~0. 60~0.75 5,557 6 | 7r4=0.79
|
Tz v— M [As.C) | 20,6 | 46-1000.76~0.93~1.19 - 4.5~4.8 6 | rg=1.84
FodE~F (Gl | 23060100, - 1,77 } 9, 49, 6 5 | 7a=0.76
KF A v M (CE) | 19.0 | 40—100 2.5 _ 1012 5 | 5g=0.56
BYRF QT g b | 190 44100 0.33 10, 4~10.6 5 ‘
(F. 5] YRS R e e Fa=0,018
. 8] 20,5 | 65—100 0.35 10.5~10.6 . 5
CEYZFUYT g | . " ) T .
! {jFEG A | 22.8 | 46~100 0.022~0.024 £.0~42 6 | 7g=0.042

WAELDLH B, WIESEER, MEROBETEIE UAHTHRR SN0 TH 5,
Table 9 FAEROWAME, MEMHOBNIETELRT, WA LKL VAL F v ML AIRIC OV
T, W& h JAEHET S
(Table 3 k1)

WHEEHD #p==1]0.25=4 (m®h mmHg/g)
(Table & £ D)  BHEY— PIO #m=1/0.016=62.5 (m2h mmHg/g)
{(Table 9 L b) BUZF VYT 4= hD rp=1/0.024=41.6 (mfh mmHg/g)
WD Z_IC J251/108=20. 0093 {(g/m®h mmHg)
RHPMEIL 0.0120.015 (Table 9) TH A D, ¥— MRO dry type D
ER e
Table 10 2%
nJE
TR~ TN A, AHROE R

BT h,

F oS U4 B, MARIEED S L R~ b
NETOREER, hi 12 50% Wik, ko 12 100%

o G

T, BRI Ui #

Fro LLT, mATFOLIED D

BT, (4] 28, mOfZ0.9~1IBORIEH D, BIE—Bd 2, Table 10 DHDF I 54



Table 10. A B E B fiE
Comparison of experimental values and calculative volues of
moisture transmission coefficient

# = i A T
i ?‘7 Hiy i 3,
Calculative values Experimental

values

o i
Class Material name

ST ";E:T

st S , i i {
(m?h mmHg/g) | (g/m%h mmHg) (g/m?h mmHg)

A
(&

Uy

N
&
<&
&
N
e,
o~
=
N
dp
M
N

s

3o 0,27
% ~
(W. P} ;
R a8 i

Painted type

<

0. 90

- ]
A e Lo
. )

Ny
i 107

F e ) e L A H

Overlald type i
4 Yo :
3, 038 ¢]
o=
BN ¥ 5
2. 69 $3.372 3,262
! I ;
s - Vo ey =, 56 !
Composite type!| |
G, bS) :
1 7.8 0, {0, 0131 ~0. 0207 :
(P.C.Pa+F E] =

o mEhmmHg/g
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,,,,,, FEOFE (Bbic Table 3, 7, 9) KD, hi=70%, 10% KBS fin 3726 fou DBEAD,
HERE ST EEE BT A &, HTFODOERNT
me={), 7~1.3 (Table 1~8 I b EHlo & LEED

Wi h, COBBAKELDIX, hi=76%, BEX 3.0mm OR Y 2 XFud—— 14 &8 (Table 3),
M. P.S-1 TEALLDA VT v MUBEAE (Table 9) WETH 2, £ 2 RFLEGROBEEEME

ERICTAHERGEOUBTEL D, m BLEOHEATEZOLELONE, LT, I
DIT6% T, Sor DBAEHFICHRT RO, HELARMEO 2, 6, JiC, m OFBHEE L THEY
f&'!‘%%%f:ﬁ'&C&zixq“C, RREEEET 5 BT S,

Tk, WAMBOMER (0, 6, J) &eq (3) ZHNT, 35 TRRTLLIK, MEOTFHELL

CRADTHHH, COBF, PEAFRVOBERE NS
2-3. BREITRIC L ABIERER
Fig. 6 285 & 0o 384, Table 11 /R 9% 30% OFURE Je KB -Tho, Ao

%
=

=T

[EREREOEEA GBI b ETHE Lo & 50, SORMICE T 2 BHM SO BREE OB
g, T, Flg 7, 813, he=60% BEIHEAN T BEBEOARBES, ha=90% B T CHE
L, £O%F 24 WERAR, he=50% BELTHEET 28RO BEHPORREEOE/L M ERT,
WNOBREZNO time lag 13, BELROBA, S T0% < 2TERL, FEHIGET 50108 30
2, BEBETOEBAIE, H00T0% BETCETL, 1~ 28R EEEd 5, Fig. 68 OR

B4 - EESE Table 11 KE LW THRT . A 12mm, N~ FR— 6 dmm K725 LERESL
b, ok, BE BRI,
sEMIRERIC BT, B OBHIERER 4 &, 4 BHIERT A KERE W, RADKESE
by P &TBHE
AAAAA w Jo(Pom i) e A dl —wovereerensisn ()
RIREE 4 1B 2 NAER V OBEEHPOBEREEOBIN (ba—he) B L UEBRBAEMNEE ¢ L0
W om= (g Rgr) » 7 o0 ooersers oo (103

%4> Fig. 8 ® No. 4, No. 6 OEH

Bite hag DEDIVRXINE &

C o, ke BHWROBBRERE, 4 RERHONBRS, e ENKESETH S,
Fig. 6~8 IR TEAREORINOBERAIZ oY 2F 4 7B TEHY, BEICX-T J OERER S,
Table 12 10/RT hw 0B 5 J BMHEETRDT, BEOEMCOFTH L, INEFHEDH » 7

$5 ] EHET AL, WOTEERNEOMI NSV, o b AW, WEHEE Jeos (eq. 12), EEY v
T Jove & UCTKEIT 2 &, e FR—V (BE& 6. 4mm) T, Jeos=0.0016, Jovr=0.165, Dap
B A — o= U A SR TE, Jeos=0.0011, Jovr=0.152, wA v+ o MEEEAHTIE, Je 3=0 0024,
Jevr=0.251 DL TH B,

R Z BRBRNOBEREEOME DR &



HAMORMICBET 2890 B 13 Bk - 17—

Table 11, i B
Experimental condition of the hygrometer method

FS | Erpent condition o 11 i #

5/ . o 3 e, . ‘; .:.‘.

I‘g\}s " " H (M 2 xpetl. < I? - %Refereﬁces ’
g5 1 No. (mm)l hy A hea )
: s % [HY) 3.1 335 97
. 2 W {(P] 2,71 34 89 Sply
Fig. ¢ 8 : - - .

8 3 i (pi 5.7 1 30 a9 S ply
4 o (P 12.1] 33.5 83 5ply
oA # (Pl 2.6 | 59 a8 54 ¥a=0.57, 3ply
2 S £ (P 5,71 64 91 51 ¥a=0.62, 3ply

i ol 3£ (el 12,01 59 95 50 ) 5 ply

Fig. 70 ¢ [Hal 3.6 6 93 5
5 N B B (AT 6, 4 55,8 95 60
& | st F g H e FO(Pa) 10,0} 64.5 93 50
1 2,61 57 92 | 43 ¥a=0.61
" p - { (Dap impregnated
“ 8.1 58 99 54 sheet)=110p
{ gt Walnut veneer
e N ) . /
3 /ﬁ/& M HLBEAR 6.0 58 95 49 coated with
| N. C iacquer
. A P ALK B | I
Fig. 8 G PR RY R F L T~ | 10,4 &2 a3 49 .
: LW P{«MPSI%«% E) Z[MP%wljw/u;i
c LTV RAEAECAE-F L . ox o jl {Pr, Pl==2. 7mn1m
5 [ R PG 11.8 65,7 F 50 1/{G]=9 1mm
e A el AT + 7
6 | WE— F4RY T _(/7 ¥ 12.3) 645 | 95 50 {f %’ %ﬁ"‘f;%g}mm
SN (P C. Pa+F. E °
x 7ol T A M [As) 5.7 62 95 47 Fu=0,78
hyo » %7 B JE Initial relative humidity.
Rgy o REAREE Adsorption process, heo IR Desorption process,
100
90
80)
70
60
£
50
40
30
1 1 i 1 }
g i6 20 i 50 50
t (hr
Note) &R ’51{4%1 Table 11 i

B (zo 5°C)
Increase of ngtwf‘ humidity in the permeation box
during moisture permeation at 20, 5°C.
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o

G

IR BRI S

257 &

%
Tt (hr)
Note) HEAF (No) &HERAHZ Table 11 28M.
(Test samples (No.) and experimental conditions are listed on Table 11).
Fig. 7 #2508 HN0BREEOEL
Changes of relative humidity in the permeation box
during moisture permeation.

b
®

100

s ; A S R A S A SRy R
t (hr)
Note) #E ,»rui (No.) &#EhE Table 11 &

Test samples (No.) and expenmenfai cond1txons are Hsted on Table 11).
Fig. 8 SR OB BRREOZEL
Changes of relative humz.dlty in the permeation hox

during moisture permeation.

RO LA 13°
Je==0 EYY ORI as)
(D Je=J SR B s, eq. (13 WET %,
B (E) == i (00) « (L@ FE) et 4
(N’i (If) oo Jpg(O0) # @ 7FE e as)
Aoeq. (AN WA T S L
k'd’“@” 5
s i s 16)
% Ps (
eq. B T ERkpa &
- ek}Mz—;) edea[dioexp(BE)» by
v L?@O‘ .......................................................
YTV A an




U Y .

o L I

A &
(Wi Je. B
fosbiit %) (g/‘mzhv }
mmiis
. P N 17. (784888 i )
@ v /& {(Hy 3.1 L lEe 0.0181

o1 Bt 4810 41,

ges- a0t

(4, 200117

000804

L7, 4ty 3
By= ST 4ol E . - 70 0. 0059
e eB AN LG A7 L D05

L 2p0.008308-5

0,0016

Jig= 64, Be0-0046G-6) 0.0015

By

N OAAT
i, Oal8

B 58, 500074

020, 068¢
G32e0-958 4.0, 365

0.

Jrge= 67, Delonosat

2. 00961 75 G, 002¢
B0, 134+ 64,5 6603

a(\lw,g 019«‘) e

4, 6g0-18885 11 {0, 689 B8l 1

MNotey 1. O~60hr (Fig. 6), 0~24br (Figs, 7, §) WhiT A 7038 1
ing R.H. in Al-perm. box (1.12>10% cm?} during 0~50 hr or 0~24hr.
(Jp. ) 1% e 12 R DBEE

Moisture transmission cosfficient [ Jp. z) is approzimately caleulated from eq. 12




—— 20 — MBI G W esT B

TIhD, 4 2HuMCE B L eq (16) W—F L, eq. (13) OEBEBHISNS

eq. (13) A8 2 Licioion, Table 12 & Fig. 6~8 0BEEEORMBROERIERT, &
v 7 Ed FTH 22, coficll, SO LD OREL 0, EHMAaBHETER- 2D, 20
BrEGEN D bOTR, BRSO RERNOF R X { EREOENYT 5.

Hio—iER%

et
D)= :’e . f.vq .............................................................. ;v 18)
Ed L
() = @o@oF wovviiniii (19)

EBETE, T RTRRES.

- geceoenedt L VRO :
ft“ hz(bwesi—{u;’V-aaést(b«e“-%—c) Z;.;_ (ZO)

e BBt e e (a1
jﬁ'—'"htha,gat P, 2

Ji OWERELO—FERYT &

/% @GlmmE) e B F (8.6 mm B
B (hr)  J (g/m®h oumHg) i (he)  J (g/m%h mmHg)
1 0.0149 2 0. 00527
4 0. 0181 4 0. 00598
6 0. 0217 6 0. 00588
8 0. 0201 12 0. 00630
12 0.0078 24 0. 00528

RO cipoBicht LT, S ST, TR, BT/ A, Dap BiigAd — - 1A
Ao LSk, EBERIENTES T

Dap #gA — <~ L4 AH (3.0 mm )

BB G0 J (g/mh mmHg)

4 0. 00079
8 0. 00085
12 0. 00093
16 0. 00101
20 0. 00110

LOXDIHHE L bIBIVEL LS, SETEHUTREBENE LN LD, eq QL ZBVT, $5

FERROMITE (h—vte) IWRB T AFHEE Jeww &35 &

_1 o asgeet oo K a1
Jao= Sdf\ PR K dl‘*‘"'”g;:*i_;llnia g3t hL‘:J ............ (22)

deo

K=25
P

EHADT, EHO Dap 4TI, fi=4hr, fH=200hr ZRATH &



AMOEACET a0 ®1d s - 21

“V" 0. 588X (0. 071 » e0-0071
16 4 0. 550, B8E- €007

]fiu

XA 068442 = 0. 00093

1 dﬂrr
hz““ hi(i/ pv

s > PAGRIRIE DA by
dhgor Vo= Jo (Ul () Do Godt veorrvomimmmororioniinon re e (24)
ZIVEY tyrty IC
Ahg==l— h{t)
& A, WiBlo Dap WA ~ 5 VA GRTI, f=4hr, f=20Dr, [=0.95, @=0.588, &=
0.00714 2 e
oo == ks . L‘z°"',::(}_ GOO9Z e vrrer e, (26)

hetg~11) + -5t~ %)

&AL, TWROHEEE %I A,

Rl (Table 12, 3%

(Jour, Jo. 8) T2 1LFNS

T
CH LIPS, 5

(5.7 mm )

Amount of transmitted water vapour J through

5. 7mm thick plywood

W I

J SR T w 7 }}‘
Method of pexmeatlc‘n box \/Iethod of permeatlon cup
By ) _[F. g 47, : he | Jou | dcur
(%) (g/m%h mmHg) (glmﬁh) ! (%) | (g/m*h mmHg) : (glm*hy
3 132X Lerxiott 200 0.678 ? 8.936
LFL 1,88 ' —
50 1,98 L9 500 | 0, 681 ‘ 5,798
76 311 1,35 o N 0. 694 5. 890
80 1,56 5.56 # 8 0,746 1,570

R (Temperature) @ 19, 0~20.5°C
UESHEOBEEE (R.H. in environmental atmosphere for permeation box)=R89%
G ow TGO » PRI (R.H. (&) inside of permeation cup) =100%
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THEBRERESD, BBRETKSGEMERE

waglEH A, Bl R AR

LT KGNS

T FL

#E

1. BEEREE

REE D 3 v DR - RIETRET A

FNENE c BESHHTS
AEORSE S, PHETE60X60

B (A) 28 5~60°C, (E -30~20°C, EEM 20~95% R H., i BE

K60 (cia), ¥
DREERHERORBO
WD, BE 7.20m ORGSR TE, (A 12050.4°C, (B) F: —0.520.8°C, BREIERE £2~

ST

N " 0. ‘)QC '.JCZ.‘?' R H. V) ”) i<, | 1y EB] i‘.(\’.ih i./WC'Z(EEL ® NLEZ@ )131573\’/ T
%{J)fd< L7, E[}l};

4% ThH b has)

Ve [A) O R LE Fig. 9 © G~® OERE]

L, i HED

Ot
Vv
I
\‘Kf\ﬁ
s
o

AAALE ==
i

= 113

15.
° 16
oCOY 7.
N i I 18,
Pl é L 19
—‘ 20.

i
i
£ o
V

13080

! 14 21.
18] 22.

Fig. 9

The apparatus for measuring mmqtm' condensation to panels.

1. Thermoconple, 2. Bensitive element to humidity, 3. Elecirode for measuring insulation
resistance, 4. Electrode for measuring moisture content, 5. Hollow core panel, 6. Wet
and dry buld thermometer, 7. Thermo-hygrometer, § Outlet, 9. Inlet, 10, Ammeter,
‘11. Dry bulb conditioner, 12. Wet bulb conditioner, 13. Capacity adjuster, 14. Fan,
15. Heater, 16. Boiler, 17. Cooler, 18. Refrigerator, 19. Multi-temperature recorder,
20. Auto-recording hygrometer, 21. Moisture meter, 22. Insulation resistance meter,
23, Moisture condensation recorder



8
600
D6
20 500
., B
T L0650 5mED | 100
I Z‘E PSS,
100
; o
iy 1 ) 3 3 i
0 450 200 100
{imns
Vi ]
current. )
Fig. 10 Fig, 11 3 Vi o B D 54
Symbol within cross-section of Hollow Distributions of alr current on surfacs
core panel, of panel,

5 Fig, 10 ¢

7 Sgy Be G, 10~

Bg, G D (x=0, ¥=0),

o

600) A3 A

min, 170800 mm 7

Heme (4070 cnjsec)

Table 14, i i ta jl (T E than) o
Temperatare difference (deg) beitween Ty {center of A-chamber)

and temperature 7y at the distance ! from panel surf

H |
. N i
RSy fmm) 5 0 30 50 70100
Panel ucture
Panel 1 [ Tmax. 0.11 0,10 0,07
(P56 641/ | min. 0,03 | =0,08 | —0.09
(pis.s av. 0.04 1 001 ] - 0.01
; A, 0,11 G010
! omin. -, 0Z
av., 0,04

k (Bxperimental condition)
#0.4°C (30.5¢m from Sy face), Ty
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Table 156, BREEHOF v/~ —Ck 1} 2858
Check of the auto-recording hygrometer in the desiccator

{,JlL jE R H % i ﬁn&(iﬁxﬁ X5 k. H /
Temp. N CRH % ) ' R. H. by auto-recording hygrometer
oC (XihfE, cited from literatures) 1 I
20 34, MgCly aq. sol 35.5 35
22 40, HySO4 aqg. sol. 41.5~-43 1 e
20 45, KNGOy aq. sol. 47.5 4647, 5
22 58, HgS04 ag. sol. 60~62. 5 59
20 86, NaNQ; ag.. sol. 68 67.5
20 76,5, NaCl aqg. sol. 76 76
331 78—74.9, Na(l ag. sol. 76,574, 5 -
20 86, KCl ag. sol. 89 88
22 88, HaS0, ag. sol. 89~92 89

Note) I :BEOKINER Increasing process of R.H.
1 BEOHDEE Decreasing process of R.H.
R ERET~O (L) BEL V &5 &, BHERE 2 TR TR ons,
hA=18.3V+10.5 0% =h=90%, V :mV
FEBREORECREEEZDOSH A vRATERICERLTEY, COBAORERELERTH -,
3-2. EBEOBHE

AHEHESREICIZD, WEEOENEBEOE UL BEBEAMEEOHRBEROELTEE L, N
A NA-10E, NA-105 2/, Fig. 12 0 15 RETER (XBEEE Y 60 mm, FEAEE S 100
mm, R0 mm) £V, EEEEEEEE Ui, BAROEROKSTOBINC L - T, #Ht
BUENRIETL, SR CERMOKR» ESE, ¥ —7 LT, BHESELETT L2050 L.
HNEE Vv o8 s 570, WFHEEN 0.5, 6, 50, 68V

] iﬁ/\/;) "’m {) “s ‘;:Eg‘f‘ Jb)gg(}lb E(DEK\ 17) /\“'Y‘ \ 3 ﬁ‘ulﬂﬁ

Gobo] MBI AER & 2 O ivde, BEBRRE HET b0, BIREL
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ olde EMIRMTMERCRELGICARL, RMELICRD L. ©
Fig. 12 TR N LEREHESERAHET 20, Ch&EHEEGKE (-3 28

Detector for moisture Y oEmomizelmic o —%ERT O E BT ERTHR
condensation.

R BT, 0B, B £=400, Y=200mm CH O 2137z,
3-3. RESKBOBE
E% 3 mm ORROF

Bl CGEEOEX 0 mm, BEME 10mm) & h2 o ORMEICHEE

Ly CHEABOKDEEERE LT, A —2 —OHERME & JlicsRn ot b & RO G K% g
ELTRB Y, ZOFEOWMBERIROCELTH L, FVr—2 —OhTHEADENBITHEBLUALA T4
2 FEH, o—2 ) —BiROSNHEESKREEERICI A A~ —EREL oy P95, Fig 180

TELTHD, EESBRUBEEEEE 5% R H fROHREDEL, 20N (15X30mm) £y

Ry PTRELVEES T, BHIOKBEIES ¢, —EBHRCRBE -7, BEET S ~% ~DiER

EHA, SWEAKRLUET S, B EA~F ~{RECEERE Fig. 14 @ THwv] TRT, ML
KA LI BERAREEKETH L, HMickd s, ExBEL-THLERERSELLL LI, Fig
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2 ie) 1 &/ F3 (Japaness cypress),
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o (moisture content by oven
o

drvmq met}md\
A LD HE o
Moisture content of each Mmple surface of

Fig. 14

; which is moist.

7

Relation bctwecn moisture content
# (oven drying method) and read-
ings of moisture meter.

THb. Fig. WTTIEG SO E

= 1200
Fig. 4OF

AT 13 O4 R 13% 1

ol

W =T

3-5-1. FEEIRIE
5 60 om0 b
e 20.5°C, 84% ROH., (B
L ; (Chap. 1

log p, u,
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T T, ¥ep i, R BERE M OREE, REROSENTHZ., tORKD Ty Ak 2 &

Ty =Ty~ (T1—T%) ..?ﬁ%ﬁ ....................................................... (30)
I, T LT Ty VA &
e 4T e . P
- »H]i_mv,;ém,a[gkx) A A OV @D

x=0{3 (A} ZBOWREHN My ©

Te ZEGE (x=0) LD 2 BT
FTLELDAHBETSH S, R R x $TOBMHTH %,
WW LN Th, Fig, 100 pgic

P s (P 75 ¢ et (32)

Vom+¥m1

(g ) WK’L .................................. ST OO SUUTORPP (33)

Py =Py —

A

Do R QUEHE ¢ BT D

s

LTATHB)y Ru(x) L s £TOH

Eii
Rin =V’ + xf’+ Famt Fam’ ' oo (36)

LTH Y, vem & My il Mg 1D 2 DD (Fem’s #en’ ) 1057 P

4D

EBL o Fam i
eq. (31), eq. (35) Bl eq. (86) D¥EZ Fiwk sk,
VE Dy BT LG, L& ZOMBEO Py (eq. (35)) OR/DHEFRETEA~

3 ': x ‘Dmr‘:ﬁéﬁ’) ("dj/}) df.)

eq. (31) &1 x SRR
/“,z'f:k(l\c ?32]‘)& ‘_%Z/Hi
AP ERI-WAE L filia

mn DzE, g o (Table 17, /95

BERICE LIS,
MEW (5.6 mm ), di
&, (A) BOBGEELENE (s

HEET log p OREKFZE(LA Fig. 1517

{ufj Zf§) x\/\ f)g o’)? L

EOPIZAT
DaRE u LR

G I By ETHED S,y O, AL
D% W LT (B) 85 a%d 5 (Table 17 OEBEAARI), i <L ONH CRES
Bad: U, Mo ®85 D AlET 5, Fig 15 () T, C XY
195 575510, S HiHS Dy (&

eq. (81), eq. (35) T J

i ap

09, Do WE - L BAETI,
Fig. 15 (b), (&) T3, C &
& 20% ERA AT

DRTICHET T 2DT, H#

LT 2
L L \'?:)4::

F AL,

7o AR BEBARISY, COEKRTeq (81), eq (85—

1

L EINE AN, D

ER S o B SO, i D
THHTIBAS

Fig. 16 {3 Ay DM 8 - B4 T,

Fodhs, (e} B3, (&) HER
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o D
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T {min)

T A B,

(-\x

Yo

> Fig. 17 (0}, (g) Tl

B,

KEHTH A tod, 780k

iR O

Dy SEBILT
eq. (313, e (38) o

3, Fig, 17 (D), (g

N
&l

by THDH, O,

[A]

’9" 7“&:“"’%3
Fig, 18 (&) ¢ R(x
Fig. 18 (b) @ R,{x)
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Ty # 2.0 2,0 | 5,0 ’ 5.2 |
Ti~Ty (deg) 16.2 16.2 | | L0 1 Lo
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The structures of hollow core panel and experimental conditions !
NENVES I BB E P B Preconditioning ’I‘emperature
Pe NO. igs. St ¥ ] " a a
anel No g,;g;le&ﬁd Structure F (oc)tR H ( ) Yl ( C) C)
(a) LW(P 5+4:%E[AJ6<\+ u[Pju 5 24,7 3.5
15 (b) " 0 L sses | 2.8 4.0
(C) P 26.0 . —0.3
\d) AP I5. 6+ th B A0S (P56 ) . 25.5 0.5
1 15 25,0 5560 o v
{e) ‘ 4 25,0 4,0 3
i A &
| () J& P}s 6+ BZeBLA 60+ A (PIS. 6 L 25.4 u
.o 25.0 | &
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o i 3
3 21 ESWIPIs. 6+l 7 » V(M. P. Cl30 p+ hEE{A )60+ AR (P56 20.6 5560 20. 8 0
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7 7 B SE p fY2RFO—V7T Tij = / AT 5 & BB~ 21 y
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Table 10, fiz2 O KEREOFME & FHlE
Experimental and predicted values of water vapour

pressure in hollow core

= Al Z*)Vj O = e ‘
Ijrfs;lji% 7 I[\Zixiqfxy}e - Py by /mzf " /mzw};( ) by bp rnle) be
3 | : . |
diagram Pﬁgﬂ‘ proof lager | mHE) \mmng\ mm}[g/g) { mmHg/g%(mmHg)i(mmHg) R | P
23,0 8.6 1 13.0 1,51
18. 4 7.5 1 10,8 e
8 ! - 3,2 3.0 5 0. 50
” 16.6 ’ Lo 7.2 100 %0 1
14,2 | 6.7 8.8 1. 31
- : — 15,2 2.7 3.0 1.5 7.2 9.0 | 0.50 | 1.25
) 3 M.P.C 16,9 3.2 13.0 0.7 | 6.0 5,9 1 0.8210.98
i 1 ) i
26 4 |M.P.C+F.8| 165 | 3.0 | 162 - 147 | 45 | 4z 091 093
9 v ; ; i ;
. 6 iPr. P4+F. S | 16,7 3.4 | 1z 8.9 6. 6.2 i
) 7 PRP+CH+ES| 164 | 29 106 9.1 46 | 46
29 8 | Pe.P+F.S 166 | 3.6 17.6 121 | 7.6 7.7 10,69 1,00
! i !
3 | 10 17.1 3 2.3 0.8 8.5 | 12,2 1 0.3511.44
11 D.P 15,5 3.2 8, 4 6.1 6.9 6.7 1 0.73 [ 0.97
s 12 | 71 27 5.3 | 8.8 5.6
39 | 13 - w67 2.8 45 | 3.0 5.3 | 7.7 |
o | 1a 15,2 4.8 o 6.8 | 10.5 | 0-38 | 154
‘ ‘ 4.6 4.8 1.8 6.4 | 10.2 | 0.38 ) 1.59

vapour pressure, experimental value)
UJT@'{[H (Predicted water vapour pressure in middle part of hollow

Note) 1. P11, B D1 o
2. ppi
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3. rple) 1 8¢ WL UPER (8y) £ TOBSIEI (Moisture resistance from Sg to 8¢)
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AW g Jrge (Py— Do) o d@odf coroveriviini (53)
M 1% Panel 113 T3, ExX 5. 6mm DAEBRT, Fue=0.26 g/m*h mmHg (2.5°C), 4da=0.2016 m?,

Panel 16~21 Tid, EX 5.7mm DAKRT, JFwm=0.18 g/m?h mmHg (0.5°C), da=0. 2862 m?
OEHFEHAV S S (Table 2),
WE, eq (62 ZHVAEBE
U s dW g dWWg  wovreroormcesitmie sttt
THBHP G, eq (47, 49, (G Kb, dhE Govo My OIEEEREDESEHEN
HEHNCE Fig, 20~34 lwBWT, =1,5004 (eilL, Fig 31 () T3 £=5004) %

Table 20. thaE xRN (M) OBSERRE (J o)
Muoisture transmission coefficient [/ u c. »] of the interior board
(My) in hollow core panels

sxuEE W @ B ) | R EORE S HOUE
Panel No.” Figures (% /mﬁlga“; gmﬁg) %> é‘xfpgjag‘:mw ipg:ag:{iu

1 ‘ 20 L 0,122 : 84 Dy da

3 21 0.083 ‘ 92 De =

23 | 0. 031 94 Dy ' -

5 24(2) j 0,066 ; 85 D2 ds

6 | 25(a) j 0.051 90 Dy dy’

7 Io25(h) | 0.012 88 e -

8 j 28 0,030 i 96 by

10 ; 3i{a) | 0. 284 88 Dy d

11 3L | 0.048 | 86 : - -

12 32 ; 0.044 | 92 ‘ Ds -

13 34 z 0, D44 9z : s -

i i '

‘I\-Iote) J it eq. (47 L OEE, 7 are calculated from eq. {(47).

Table 21. 4W (eqs. 47, 49, 52, B3)

Y T W AW aWs  (8)
Panel No. (&) (2 rom eq. (52) from eq. (53)
1 ! 0.0038 0, 844} 0. 8480
3 0,0022 0.2110 0, 5477
4 0,00172 0., 2954 0.2711
5 20,0019 0. 3380 0. 9013
& 0.0010 0, 4221
7 0.0012 0. 1345 L -
B 0.0007 0. 0748 0, 2110 —
9 0.0011 0.0748 - -
10 0. 0088 1. 2410
It 0. 0006 0.8913
12 0.0022 0, 6047
13 0.0013 0. 5459
16 0. 002 0. 7005
17 0,001 0. 6422
18 5. 0022 0. 6133
19 0. 0019 0., 5406
20 0, 0004 0, 6667
o 0. 0006 0. 5407
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Experimental data of molsture permeation on each peme;
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Table 23.

R R VD My D

8 257
AE DI

Comparison of moisture transmission ceefficient of My in

hollow core panels

] g,z Hollow core )
, B & BlAvy7 | Pasel Jmecor & B
PR 00 e Ly SR e o
3 ' eq. (5 {
() J cur (565 (54) Jeon
oA i (e 2.7 1. 13 0.23 10,23 10,17 |0.20 0.015
2 ,’\ W ! 5.6 0. 69 0.12 1 0.12 | 0.15 | 0,44 0. 0033
3 e FE—F (H) 6.4 0.34 0.044 | 0,055 | 0.062 - 0,0016
4 st J i~ {Pa) 15,6 0.36 0.044 1 0,058 | 0,066 | 0,076 |  0.0010
5 r‘mhw v MESEAIR . U , ,q
W. P 6.0 0. 25 0.062 10,097 1 0,13 | 0,13 0.0024
& FY VIS (PrP) 2.6 0.47 0.084 1 0,107 1 0,15 | 0,11 0. 0064
JELRES 3 G P
7 Dap fifliid —ov— LA B 3.1 0.17 0.048 1 0.110 | .11 | 0.10 0.0011
D. P
8 ‘gf‘g;“‘”’/’fﬁw 2.9 0.10 0.043 1 0.090 | 0.:3 | 0.08 0. 0006
QA T e 13 T e
; Eﬁg*ﬁfﬁ}%‘f&m 7Y 5,6 0.10 D.033 10,063 | 0.072 1 0.083 | 0.0012
10 AR+Pl e 7 > 4R
AT T g 19.2 0.08 0,031 1 0,029 { 0.034 | 0.075 | 0.0011
[P+M.P.C+F. 5]
U xR oL B A ]
IR )= R VERAH 5.7 0.12 | 0.066|0.130 | 0.13 | 0.26 | 0.0016
(Ps. P
12 Ry AF A A RY
AT T o L 16.2 0.10 0.051 | 0.063 | 0.068 | 0.17 0.0010
(Ps. P+F. 5]
13 RYxAF A A BT
a7y e U ZFu—T | 16,2 0,03 0.012 | 0.041 |1 0.036 | 0,075 0.0008
o [P;:.P+M. P.C+F.S)
14 Y T X F A Y 16,2
AF =T — (PE: ) 0.06 0.030 - — 10,0721 0.0005
(Pe. P+F. S) 120
5 g FHooH—F ng REFNI ;
S []Pg }/)IG]&H 1C 0 Fie 0. 36 0.070 { 0.077 1 0.11 | 0.14 0. 0026
lé A vy B ALEESH A B
PR LF L YT p—0 10,1 0.015 | 0,027 | 0,048 | 0.065 | 0,094  0.0008
[W P+M. P. S~ +F. B) |
17 A S U A ST ;
S Fw FhRYUZF UV T — 1204 0.012 10.025]0.043 ] 0.057 | 0.044 |  0.0003
L (B C PA+EE) |
Table 24. <OV HRE & FHkE
Monthly mean temperature and water vapour pressure
""" 2 H 5 A 8 H 11 ~
He X ‘ I‘ebrumy May August November
District TP T . p T p T p
SAPPORO —4,7 2,426 1 11.3 7,230 15,964 3.6 | 4,389
NIIGATA 1.8 3,966 ¢ 15,3 i 9,778 19,930 9.8 | 6,905
TOKYO 4.3 0 3,738 0 17.6 11,017 0 26.4 20,391 1 11.3 7,130
OSAKA 4.9 | 4,794 1 18,3 | 11,040 27.8 20,736 1.9 | 7,837
TOTTORI 4.5 4,802 1 16.7 10,549 | 26,0 {20,416 | 11.5 | 7,734
FUKUOKA 5.7 4,877 1 17.8 11,769 | 26.% 121,405 0 12.2 | 8,100

pressure.
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Studies on Wood-based Components for Prefabrication
of Residential House (Beport 1)
Studies on moisture permeation and moisture

condensation of wood based panels

Masaharu Svzuxr®

Summary

When the house is exposed to cold weather conditions, we always observe the water drip-
ping on the inner surface of the windows, the walls and the ceiling. The moisture conden-
sation in the wooden house comes to produce the cup or the bow of the structural panels and
results in stained finish and decay of its members. As moisture sometimes condenses on the
face below the dew point inside the wall or the roof, this research was conducted to confirm
the prediction of molsture condensation, which would be very important for designing the
house components.

1. The measurments of moisture permesability. The cup method and the hygrometer
method were adopted. The cup had no edge leakage of moisture (see Fig. 1) and it was con-
firmed to reach the equilibrium state by weighing at the constant time interval (see Fig. 2).

In the case of a composite wall panel, for example, in which the steady state of moisture

gradient is attained, the resistance of moisture transmission K, is written as follows :

Ry A<X ...... L 41,+§‘J1)MA’;§ et (1)

where G; signifies the moisture permeance rate of every solid layer, G, that of the inner air
space, 42 the difference of the water vapour pressure on both sides, 8, W: {see Chap. 1). In

the case of a single sheet material,
Ry = ,A"Lmhi_ymf'-’_{m K-m“i*‘ KRR E LT T RO OO R PP PSP PSP PR PPR PR ( 2 )
7 7

(Bu=0n+ 00" +¥om="n+Vem)
where #,’" is the moisture resistance of the surface skin in material, /, =, rg.mrzﬂ-é%(%e
Chap. 1). Figs. 3 and 4 show the straight line relation between R, and ! and the value of #
can be calculated from the gradient of the straight line. Extrapolating to /=0, § is also

obtained. If the linearity of Ry, vs. { can not be confirmed, we get

Ry Em}.. =Y b Vom = é,+ LT I STXRTTPR ( 3 }
and if v, (for instance, 7y, is below & per cent of Ry), then

Bw=¥m ]::G .................................................................... ( 4 )
and also obtain the following approximation

Vo == _ZT ................................................................................ ( 55

where %' is the approximate value of moisture permeability constant. The coefficients from
the egs. 2~5 are listed in Tables 1~98. The inside face of the specimen is exposed to the

higher humidity, simulating the actual moisture condensation.

Received June 19, 1973
{1} Wood Techuology Division
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From Tables 1 and 2, the values of » really depend on the water vapour pressure inside
and outside the cup. When A, (the R, H. in the outer atmosphere) is lowered, 3 is relatively
small {Table 1). The » values of hard board are less than those of particle board which are
corresponding to soft woods and rather permeable to moisture. The » values of the decorative
plywood (overlaid type) are reduced to about one-tenth of the base-plywond (Tables 2 and 3).
The fancy side facing h,, the » values of some samples are somewhat less than the opposite
condition of the fancy side. Generally, the values of J are also concerned with the atmos-
pheric conditions,

Table 5 shows the gradual decrease of J caused by the increasing thickness of the painted
layer (also see Fig. 5). The » value estimated from Fig. 5 is really larger as compared to
the quantities of Table 4 (see Table 6). Table 7 shows that J had a close relation to the
location of the painted laver (the upside or the downside of wood). Fig. 8 shows the maoisture
permeance rate of various kinds of moisture-proof sheet materials.

The molsture transmission coefficient by the hygrometer methed is measured using the
auto-recording hyprometer and the permeation box (Fig. 1 (¢)). When R. I in the chamber
of the permesation box is sharply raised, the transmitted water vapour through specimen
increases R, H. in the inner air space of the box, and the amount of it may depend on the
moisture resistance of intervening sheet material and the difference in water vapous pressure
on both sides. Table 11 shows the tested samples and the experimental conditions. The
samples of No. 4 (Fig. 6), No. 8, 6 (Fig. 7) and No. 4, § (Fig. 8 show small amounts of the
water vapour transmitted.

From the increment of relative humidity 44 with time 4, J is given by the following
squation

/2 PO S
At by B

where dfi= ha—ha, by the relative humidity of the chamber, Zm= (ot hia)/2 4 the depth of

the permeation box. «, £, (see Chap. 1). The calculations of eq. 6 at a given 4, are listed
in Table 12. If the change of relative humidity is expressed by the empirical formula as

shown in Table 12, J at time ¢ is derived

= ,,fjhi(g),,,,. 1 BT e s (7Y
Je dt Thi— b R
if
. @ -
RO T (8)
from eq. 7 and eq. 8
e arcegeet doo e (9>

}Zt(ﬁb.gst+c}2mQ»gei(’;b.gaiui_ ;;) p(‘
where @, b, ¢ and ¢ are the constant by samples, for instance on 3.6 mm thick hard board of

Fig. 7-No. 4 and the decorative plywood of Fig. 8-No. 2

J {gim%h mmHg) J (gim%h mmHg)
time (hr) H. board tine (hr) D. plywood
4 8.9w10¢ 4 7.9%107¢

12 6.3 » 12 9.8
24 5.2 o 20 1.1x1073

Taking the average of J during dt=iy—f
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Substituting #1=4 and #==20 of the decorative plywood fo eq. 10, we can obtain [ ,=9.3x 1074
which is egual to the above list.

2. In order to measure the moisture transmission and the moisture condensation, the ap-
paratus as shown in Fig. 9 was made. The test panel is installed at the boundary of A-and
B-chamber, the atmospheric conditions of which are maintained at constant temperature and
humidity respectively. The test panel is z hollow core type and constructed with weoden
frame and the sided sheathing of plywood, composite board, ete. The electrode of the insula-
tion resistance meter is attached to one side of the board and the meter indicates the change-
able resistance with increasing moisture content. And producing moisture cendensation, the
amount of leak current becomes much, and electrical resistance falls abruptly.

Figs. 158~17 show the time plots of log p. # and % wnder the experimental conditions of
Table 17 (see the meaning of the symbols in Chap. 1 and Fig. 10). The experiments of these
figures are conducted as follows : at first A- and B-chamber is maintained at about 60% K. H.
and A; is suddenly raised by the conditioner. After some regular intervai, B-chamber is
cooled (see the symbol ) and from Fig. 15 {a)~{(c), the time interval from C to Dy is observed
ta be short in (¢). In Fig. 17, we can see the remarkable increase of hg in the inner air
space and the inner moisture condensation.

in order to predict the inner moisture condensation, the following equations can be derived

CR(X) AT =TT,

1-«..,,,_2 Y NESD AP Py e a2

om

: the

where 7', P, are the temperature and the water vapour pressure in distance ¥ (x
terminal of the boundary laver on Sy face (warm side)), R(x) or R,(x) the resistance of

heat conduction or moisture permeance respectively, From egs. 11 and 12, we can get saturated

water vapour préssure P al each point of the panel section and compare p, with p, (if p,
Py, then producing the moisture condensation, if <P, then no moisture condensation). Egs.
11 and 12 represent a straight line. The prediction for Figs. 15 and 17 by thess egs. indicates
a disagreement with the experimental data. Using each experimental data as shown in Fig.
18 (a) (b), we get to Fig. 18 (¢) and it shows good agreement with really existing moisture
condensation.

Fig. 20 shows the close correlation among log p, # and 4 and it is clear that the thermal
conductance of the hollow core indicates a minimum, though the moisture permeation of the
hollow core is recognized as a large amount.  As shown in Fig. 21, the presence of moisture-
proof cellophane prevents increasing of k. The temperature of the cold side of heat insulating
material is considerably lower (Fig. 23). As soon as 7Ty on the painted surface becomes dew
point by cooling. the effective moisture condensation is produced and it comes to cause the
sudden decrease of log p as shown in Fig. 24 (a). This is a characteristic of the molsture-
proofing surface as compared with wooden surface. The prediction diagrams of Figs. 26 and
27 show a good agreement with the experiment in Figs. 23 and 25. Though 7y of Fig. 28 is
raised by the heat insulating effect and almost equal to the dew point, there is no profuse
moisture condensation. The inner moisture condensation in this panel does not cccur.  Fig. 30

shows the effect of temperature on R, H. in a desiccator, whether wood is contained in it or



not, I the temperat

of the desiceator is reduced, R H, increases withont wood samples.
it seems to be the same phenomena as kg in Fig. 28 Tn the case of containing wood samuples,

reduced temperaturs bri

on the decrease of humidity as shown in Fig. 30 (b), caused by

adsorption of water vapour to wond.

h other panels, a few &

Replacing the plyvwood panel of My v <amples are given by Figs.

3134, The moisture content of p le board increases to 23--30% before moisture conden-

sation (Fig. 32, Fig. 3%), and these may have a ¢l

ase connection with moisture permeability

of the tested particle beard. The long-term fest of the hard board panel was conducted under

-

severe conditions, but the molsture condensation in the inside face could not be found (Fig.

35, Fig. 36). Eaq. 11 and eq.

not be directly applicable to the prediction diagram of

3
-
o
=
=
i

.98 and 40, it will be dithoult to predict the moisture condensation

for the followi

(a) A hollow core pam

hath sides of which are made of a simple sheathing, The

thickness of inner aly space is not very large.

(b)Y The used siding boards do not have the characteristics of heat insulation and resist-

ance to meolsture.

{c)y There ig difference of temperature between the warm side and the cold side.

On the other hand, the predi

don diagrams show g agresment with the exijerimental

N
O

resulls as shown in F

.28, 27 and 29, These panels form the composite structure with some

heat insulating material and the meisture barrier. The increase of fy in the hollow core

depends on &y, J of the warm side hoard (M) and the capacity of moisture adsorption and

permeation of the cold si nount of water

(e )

te board (My) and wooden frame. 1f {7 denotes t
vapour lost by adgorpiion and permeation of them, moisture transmission co b3

of My is expressed as follows, using eq. 6

e e g R VAL T URRO ORI :
Ju-cor (i~ Puydtda a9

f}f = fyge f) fl)-r’ = i?‘m * Py

where 4da is the permeation area, ¥V the lnner volume of the permeation box, We take as

netances the panels of Figs, 2034 which are constructed with My (5.6 wm thick plywood)

e

and the frame (spruce wood). Hstimation of the approximate adsorbed water 4W, on 55 face
of plywood and on the surface of spruce wood is possible by use of the following equation
during increasing process of ky

AW = dst (W o+ 6o W ge)  roervrenins e e T (14

where 4We is the amount of walter to increasing meisture content Ju in a certain period of

time, Wi and Wg the dried weight of the surface laver of plywood and spruce wood re-
spectively, ¢ the parameter,

The amount of transmitied water vapour through M, is expre

AWy Dy ff"?,w, B as
dx

where [, is diffusion coefficient, du/dx moisture gradient. Then {7 becomes

L L T N P PP (16)

From eg. 13 and eq. 16, we can calculate fu. o p of My during the process of molsture con-

densation {see numerical value of egs. 30, 51 and 527 in Chap. 3-5-2 and Table 21). Table 20

300

shows the caloulated resudis of Ju oo ab /=1300 min of each

ure (except for Fig. 31, ¢
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min). The order of these calculated values is the following relation (see Table 23).
D L Y £ o8 T L an
In the equilibrium state of water vapour pressure in the panels of Figs. 20~34, the next
equation is assumed

where [y and Jys are the moisture transmission coefficient of My and My [y is the ex-
perimental value (0.268 g/m®h mmHg) of 5.6 mm thick plywood. The calculated values of [y
are shown in Table 23. The phenomena on the moisture transmission of hollow core panel
seem to be expressed by the above-mentioned mechanism.



