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— A OEEFEIC R EIERE, BEHERIOELC X BEBHOET &, SPIHERREICE bt 5k
M ETBBAC LD TR 5 e# 2 bR TV 5, FICEMEEEOH A, BIOWEOEs %
L, Thice big 5 WIIGTIRIBHC R E ST 2 LB bR T 5,

CD L5 IR O W TOBRE, SR—&IEHRE TRES TN TV 52, KF—KHEEED
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HERREVEHRSE H 1535

var. grosseservata Reup. et WiLs.) & = V' < ¥ (Japanese EZO spruce, Picea jezoensis CArr.)% fi\>,
Tl ==L — L S AEIIEEER] (AKT A eh— A FEEBF S 4 +—~v TD 453) T+
SIcIETEN R R B L 5 X 5 & HG T, R EH DBRIIAR, KE% Fig. LR L57%
MECLT, ¥ HE—= Y~ HH—5HH, »FHH—=/~YHH—FFhH, +IHA—=
< VHEH—> 7R H, 7 IHEE—= V=Y H—7 FHH DM ARIC L 5 3 MBEBERMEZLELL, &
&b Fig.2,3 O L>577.0em BXORN CAFERERA L5 2L, 3mmEXOR;% Fig. 1
DX 5 IR LT,

Specimen for measuring of elastic
modulus and swelling length

Fig. 1 R 5B HERM

Rt 2 ik, £ % % ORET ASTM D 1101—53 i
L U Fe ST CEE—IE DA 7 M LD TRERKEE
AL, WARBEIC =2 0B %2 f77> T ASTMD 1101

(A Delamination 53 - g - s8R 30°C, 1RER 18°C, ASE 1 mjsec DIEIE

specimen
i35G, Table 2 D X 5 CHEORER T I HE
2 BLic, CO%4 7 A% 2 A D& L CREIC v BEER

Test specimen.

DHERER FHE L,
ASTM D 1101—53 & X 2 &KIHHEMAERRIL, RICRAD
AT TEIRL, HEi2 RKOmEclEST s HRERCRD

Table 1. B OMHER X 04 B &

Characteristic of lamination and amount of delamination.

el T 27 |3 = 2e trr e o
g K B 0|, g (FEEE TR rosives g ok oA
#H o4 gD " | Density Egengi; gOf Swelling length Amount of delamination
: f of oak and = =

Marks of .. | Specific o modulus ‘ No.l 3 K | No.2 & K

specimen C%rpblrzg;)n gravity ar;ﬁu:l 1 to grain EZE)msp 1)uce No. 1 specimen | No. 2 specimen
& TS | X 10%g/em? " (emd | Gmmd)
NT 0.56 6.3 2.8

TT1 ET 0.42 8 5.4 2.9 100 180
NT 0.56 4.8 3.7
NT 0.59 6.2 4.3

TT 2 ET 0.42 ‘ 9 3.3 3.1 150 110
NT 0.59 | 6.3 3.8
NT 0.61 6.6 5.0

TT3 ET 0.43 8 4.3 2.3 30 0
NT 0.62 6.5 4.1
NT 0.64 6.0 4.4

TT 4 ET 0.41 9 4.2 2.1 0 40
NT 0.64 7.1 4.6
NT 0.69 6.2 4.4

TTS ET 0.44 9 4.0 3.3 280 345
NT 0.69 6.9 3.9
NT 0.72 6.8 4.4 .

TT6 ET 0.45 8 3.5 3.2 I 490 630
NT 0.72 8.5 3.7
NR 0.57 11.1 1.3

RT 1 ET 0.42 8 3.0 2.8 300 260
NR 0.57 12.1 1.1
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o K EH o TEEE E%WH#%(Z) FIRIN= # i )

AR | @ & wv K &E B B, of | TV OIZRED o
&) Density :i'endisn . Swelling length Amount of delamination

Marks of | Combination | Specifie an(r)zfl a1 | modulus OEfZ(O)af ralég No. 1 ® K [No.2 R A

specimen | of grain | gravity rings L to grain (m;ﬁ)u No. 1 specimen| No, 2 specimen

85 | X 10%kg/cm? (mm?) (mm®)

NR 0.61 11.0 1.6 i

RT 2 ET 0.42 7 4.2 2.8 550 320
NR 0.62 13.2 1.8
NR 0.65 13.3 | 1.8

RT3 ET 0.41 8 4.4 3.3 190 280
NR 0.66 12.1 1.5
NR 0.68 12.6 1.6

RT 4 ET 0.44 7 2.9 3.3 420 250
NR 0.68 10.9 2.3
NR 0.71 9.8 1.6

RTS ET 0.44 8 4.5 2.4 55 140
NR [ 0.70 10.2 1.6
NR 0.56 10.0 1.7

RR1 ER 0.37 4 6.7 0.4 0] 0
NR 0.56 9.7 1.3
NR 0.59 10.7 1.3

RR2 ER 0.38 4 3.2 0.6 0 20
NR 0.59 10.9 1.4
NR 0.64 | 11.6 1.2

RR3 ER 0.38 | 5 2.4 1.1 0 0
NR 0.64 | 11.0 1.2
NR 0.69 12.5 1.5

RR 4 ER 0.38 4 4.6 1.0 35 0
NR 0.69 12.5 1.5
NR 0.72 12.2 1.8

RRS5 ER 0.39 4 2.6 0.6 0 0
NR 0.72 12.6 1.8
NR 0.73 13.0 1.9

RR 6 ER 0.39 S 5.1 1.1 0 35
NR 0.74 13.7 1.5

| NT 0.58 6.0 3.2
TR1 | ER 0.37 5 6.8 1.1 0 0
} NT 0.58 6.2 4.0

NT 0.62 6.7 3.6

TR 2 ER 0.38 4 3.2 0.6 80 210
NT i 0.63 8.9 3.6
NT 0.66 7.4 4.5

TR 3 ER 0.39 5 6.7 1.1 30 15
NT 0.67 6.9 4.8
NT 0.70 8.6 .0

TR 4 ER 0.39 4 5.1 1.1 0 0
NT 0.71 6.9 .5

Remarks : 1) NT ; Oak,flat grain, ET ; Spruce, flat grain, NR ; Oak, edge grain,
ER ; Spruce, edge grain.

2) Widthwise bending modulus and swelling length was measured on specimens
as shown in Fig. 3, and was averaged. Bending modulus was measured
under dry condition.

3) Amount of delamination is shown by method shown in Fig. 4.
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] hife Gok > .
apanese wnite ’ 10
T frrz
«~ /,_\ - ecimen
# = Japanest Fzo spruce B OSSN *
\_/ - <
~ — | 2 [T
\__'/ .
g» i/JaPan(iSC white Oak TN
P——6Cm
& %_/y/ . y .
| = Fig. 3 il X OTgEE
—yep—— WISE AR M
) Specimen for measuring of
Fig. 2 % #t @ A R i elastic modulus and swelling
Accelerated delamination test specimen. length in widthwise.

Table 2. B ) O #H ¥ & #

Condition of cover treatment of accelerated delamination test specimen.

%% H = Ex J D Fid Fio % -
Period of drying (day) Cover treatment of specimen

AROofmEx#HEL, L TEARIMEEET,

1 Whole area of end face was covered, top and Cover: (2

bottom face and edge face was not covered.

2 1w [\ U Do.

AOWCTLETHEHI Y 0.5em #igi%s & 5, O.gm:*:
3 Cover of 0.5c¢m length from top and bottom

side was taken off. G2

LETHEI D 1.0om#EEY & 5, ana_
4 Cover of 1.0cm length from top and bottom 0

side was taken off. Soapas

LTFHL D 1.5em Piggs & %,
5 Cover of 1.5cm length from top and bot-

tom side was taken off.

LML D 2.0em §iBie & 5, Ll

. | ) —
6 Cover of 2.0c¢m length from top and bot- m’
tom side was taken off. _’

Drying condition was based on ASTM D 1101—53.
TWoA, ZOBEOWIRNG L A EARAWEL LI Rbh Bics, EHAC X0 THET BIETIRBZER M
DRECHEA I TETER LOME X O BRI Tabh 288 LMD L E L BREDT, 20
&) BB R 07, ‘
L L, BERRGRED0 R O BEL D CHEMEBHIAEE 3 A LIKEEIRIC X B3 OB RIS IR e s { Ix
50T, Table 2 DX 5 W AR AICH D B THIERMEET 5 2 L & Lichy, ZOREOHECOL
TR T 5,
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3mm EXDORIE, MWEO—REL U CHMERER X OUUEZREY & 5700, BT TRER
M (Bk#R12 %) OMMFRMEREEHE L, TRk e L TRERE (BKE12%) 2 LEKR
B TOERLHE L,

B. EHRBERGIUVEE

TER A TR PRI OB TRIBERED & 5 7eildEd & Tle o T, BELLERCK
VIHFERE o ¥ P PERETE &AM O RE T OB X AT <, EERECR S = < Y Ok
T I AFFRCMHTEL, I X773 L=V <Y ERERBLLERT =Y 7 HRRO & & ORBEHHS
CRDLND X 5 ls= V=Y fOKEMPEN &4 T T 2 2230 Sz (BT & O Hic ki 55k
L, ZOXSIRIEOHTERCIE 5 = v < Y flOpEEE - 5. BIBO Fig. 11 2).

2O X 5 ieHEkE, SR OMEOEERICR OIS ORICBbI T, LEWICETERICE>TH
AT LT, £ LTz OFIEHIECRE A OMEMAN OBSERC ot & 2 ARFETH L Slez ik
b biahot,

ZZTIOHMDOERI I MM CEL, WIEXWMAAETHEL Ta, b &L, FHRELRATRDT
Zr kL (Fig. 421R),

e D=1
RRRIEWET S L &, ROWECEET;
FOHEEDOFED Hvig W HAIIE, BETLE
FERIE Lem BB & e 234 2 |
bhIeDT, $XTlmm L Rinliz, £D
FERL, IR AR s X OMgER R L & DT
Table 1 &/~ @’

i

Zo Tablel nBRBIAB K L, =V~
YIREEE Lcd ORIER Z AN S DO X ) )

DEPCHMD S <, T x0T OIER m%mjﬁmljif;ﬁﬂf&iMMMm
ERARDER S ORBHCS Amount of delamination= a—;b -l+aT, A

HEeR 43 AR O T RAUE, T
H—=<YiRH—7 4L H O AR D b ORI R £ U, ZTotho b olgikiict: 35
b DAL DT,

== VIREE AV OOHHRL, BT =V <Y OKREMTE Uk (BIBO Fig. 11 2R).

AR OLE & OBIRE RAUE, FIRE—= V<Y KE—7 7K E OB O LEIFE
EHEERD B\

—fic, EEHIE L U TR EOIHEERSC X o TET B IENCER IR D LE L LR TH M
FRUSCHIRIC X 5 BKRERO I ET BRI HHMEBIN DD TRV L E L bz, 20
X 5o Tid A, G. H. Dierz, Henry GrinsreLper, Eric Reissner® OWF9EAE 5,

Fiebb, HlRE 2BEUE LB A oW, AMORTMED bEEL TR¥ENTHITL T 5,

(1) B0 U UKD 2 OSSN TN T, —TTOMDOHRL—BICERERN, % ki




— 100 — ARSI TS 85 15345

R % TR NGRS 2 L 3UE L, Ko oiE

T =

i b BEOEETHS X S A (Fig. 52R)

. ' Tomer =0.7e0V ExGay rreoreereerese (1)
ol Y
el ¢ -5 C o Teo=a (M- M)
Fig. 5 —ﬁ@?ﬁ’rﬁﬂ‘—‘ﬁﬁlﬁiﬁﬁ?Zﬁc ] TRV r . [N -

v Towar 3 WOTHHCI W THITERBY ) 1T 2R KEWIET
ic 4 B W ' "

The two-layer beam with one lami- @ s BRI 1 ik b 5 RIHESRE, M ;
nation tending to expand or contract s sl M, ; BMEEOEKE, E. 5 HOEHW
uniformly because of uniform change
in moisture content. DY IR, E, ; WOBEISAD ¥V IR, Gy ; xy—

T D DM AHEtE R

C OBATERERCXIRIS I ORIL s b, PHERICIERCISINEE Clav,

(2) (OBA LA UMK TEEIN TV, SKRBI ETHEL V BHRRCETC T35
(Fig. 6 2D

ORI L L > LT 5, EEBCEERSIEET S,

Gomas=0.4580) Ean/ BBy Gy ++++rsesreresesessssssssssstssistststnt et (2)

Gomez 3 P OTIRIC IS\ THFERE A 5 1 BERKEEILS

Z DBAITETERBCTIZIMIEINELE Ulays,

(1), (2)DHEAE, 165DEKEENLE > Fick TS I%, KEEMITOLT Table3 D & 5 iIKiHEH
LT3,

COFRERIEADEED S L THANILEDTHDT, dbAHAZDE ¥ OHERNERDOHAITHS

ENB LD TRARVA, ETHEX D OEKRMR

N Lebleor )l x p3mE N VIRSIE 2 ERLT A,
e KERTHEO X 512, BHBBRPIC 7 25l
£ - EFEL D13 LT (BEL B, o
At —= .
L5 ER{EER LD BT THDT,
Eool Eocz)ﬂ
2

EROMITC T 5 2 o0Ea s, fIF X
Fig. 6 ETEL D BRFRAE S Free & b D EKREAHCIES  BEEBICERIEN %

A BIEIL T R
The two-layer beam with parabolic change 2 BB,
in moisture content. Dbko X 5, iRy 2k, s

Table 3. &/KHK 16 % FILC X O>TET BIES

1 OBE BIWIG st H20%HEG FEELH psi
i Pt i

RE BH—HE H | B B—i B | fE B—HE H | &R B—RK H
b ES ) 2 (Ash) 1850 2160 1740 3020
~ s < v (Douglas fir) 660 880 940 1580
< & # = — (Mahogany) 1060 1150 910 1720
> J  (Oak) 1660 2020 1360 3240
A 7 A — A (Spruce) 420 550 550 1130
Y 3 A F v b (Walnut) 1590 1590 1330 2130
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B L A L OIFEIHERDEICIES G &, BIRERPIC R 5 A KRERICIES RIS &%
2 BNADT, b EEHH L OBFRAMRES T 5709, RO X 5 4 DWIEREDRA IO TEmE
B BRI B b Lod CHIME R D BEF A i Lie,

x B i

A, 2 B F &

2em[EID I X+ 50 IRE LA O 4R HBOMKE, MUL 2em [EZ D=y~ Y O A FEHOH
W, FIRA—=v~=YRE—F7/H, FIME—=V~YRA—7 FfEH, F7HE—="
<~ VEH—7> A, FIEH—= Y~V {EH—7 F{EH D 4 BEOM A D 3 KHF E R Ma Fig. 7
DIHSRERTICKT S LAMBCL TEEL, 2RI HFig 80X 5 in{iERH 4@ &, Fig. 9 RTX
57 3mmEIORA # IR L DR LI,

TR 4 EIRER T & AR L COKDOEAMI R L ctk, iR Table 4 173X 51 No. 1~
No. 4 OHELH LT/, HRABRKC L e > CTHERT OWEREL Bbe Lo, HIRGUHIER T
LARTH B,

FLTKDEA, BHC & bis 5 ~HREREZNE LT,

AW O~FEBEHEMEIL Fig. 100X 5, T—1, I'—1', I—I, I/—I’, M—IL, I/—1,
V—W, N'—IV/, V=V, V'—V'Th5,

- OIBERIAL, 5 TiCs 5 2 FEsc L Specimen for measuring of

TKOEA, BEOEER 1+ 127021 T elastic modulus and ——
swelling length
244 I AFFIE, 1A 200830 2
WA 7 A DI D TR RIE L, F—
Smm EEORINE, ERT LAECLT ——
N > —vy, N v
KERE (BREI2%) ORI RECE R Accelerated delamination
FLIH, SRICEKL TSERE (Bk® test specimen
12%) & v fAORIE S TOERLREL 2. Fig. 7 & B H #£ Wm #
B. ERRERiLUEE Test specimen.

COERICENTE, ERT OB L ARRKEEREL T L, KIEHETN L=~ » QI OBERICH 5

|‘—— 6.5Ccm —ﬁ!
— 650N ——
& /] 5 -t~ Japanese white 0ak 2om T
Yy 4 | ﬁ% L ,ﬁSPCCimen
T s - Japanese Ezo spruce G ! Ao
|~ 7 < : A
| ] line "6em™ f—— ‘ /
! i ] - Japanese white Oak BOIIIIIIII
5 N L—"""T""— |
P
l 3, :\& Fig. 9 5tk X O RERE AR
R Specimen for measuring of elastic
Fig. 8 % Bt & # R K modulus and swelling length in

Accelerated delamination test specimen. widthwise.
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o chote (Fig. 11 B, %8,

PRSI RS

%153 8

B A I NDEIEBIAE L D HEEALE e X ECTOAE b, HEEE% Table 5 (B15) iR,
FIME L= = VM O TR R L ONZERE D, RRRL T 5,

FMIBEUOR A O~ AL, Tableb (Fi8) v,

COEBRTRDOLNS L 5T, = V=Y OPGERICROTIREOBEY E 2 HICh oo Tk, 3KEE

Table 4.

% R o & B & &

Drying condition of accelerated delamination test specimen.

B g R HH o 4B F 5 No of cover treatment of specimen
Period of
drying (day) No. 1 No. 2 No. 3 No. 4

AORBIOHEOL | REOLWEWEL, KEKIUCLTHD | =V ~Y0a7—H#
ExeE L, ETFHE | ETH AEIsE | 2E2eE L, Al | oRkok X0HE
PEE T 27, T FRRERS 0.5 om D
Whole area of end | Whole area of end | Whole area of end | ZEHE LT,
and side face of | face was covered, | and top and bottom | Center parts of 0.5
specimen was cov- | top and bottom face | face was covered, | ¢m length at spruce

1 ered, and top and | and edge face was | edge face was not | core was not covered,
bottom face was not | not covered covered.
covered.

side -
=
end

2 @ T Do. FrERT Do LT Do. FFRT Do
RKABIORECE | REETLETEL D | RERS IO LTET | =2 7 —FPROKDE
T L b 0.5cm B 0.5cm HEE & 5, AR X » 0.5em B | 3 X OEIE T 1.0em
r b, Cover of 0.5¢m le- | H&Hx & 5, WEE L D,
Cover of 0.5¢m le- | ngth from top and | Cover of 0.5¢cm le- | Cover of 1.0cm le-
ngth from top and | bottom side was ta- | ngth from edge side | ngth at center of

3 bottom side was | ken off. at end and top and | core was taken off.
taken off, bottom face was

taken off.
2 | &
RN

ETEED 1.0emf | ETHEEL D 1.0cm | fIEE L D 1.0m ¥ | =2 7 —rhROAOk
BELb, BrEhb, W5, X OVITE C 1. 5em 3
Cover of 1.0cm le- | Cover of 1.0cm le- | Cover of 1.0cm le- | & & 5,
ngth from top and | ngth from top and | ngth from edge side | Cover of 1.5cm le-

4 bottom side was | bottom side was | was taken off. ngth at center of
taken off, taken off. core was taken off.

cm

10
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kAR 3 4 o 4L W #F 5 No. of cover treatment of specimen
Period of
drying(day) No. 1 No. 2 No. 3 No. 4
EFEL D L.Sem¥e | EFEL Y L:Sem s | JBHEL 0 1.5em Bt | 2 7 —FRokas
Wh L D, BE LD, WHEE D, J OMHITE T2.0cm
Cover of 1.5¢m le- | Cover of 1.5cm le- | Cover of 1.5cem le- | Fia & 5,
ngth from top and | ngth from top and | ngth from edge side | Cover of core was
bottom side was | bottom side was | was taken off. taken off.
5 taken off. taken off.
cm = S>>
15 -
==
NS
LTHOwHEY & 5,
Cover over top and
bottom face was
taken off,
6 Fiz@E U Do. ki@ T Do. 1@ T Do.
EFRL D 2.0em By | ETHIE D 2.00m | SUSKE & D 2.0em 3 | ADH X ORRT L
BHEE D, B e d, WEEd, M & D 0.5cm # 8
Cover of 2.0cm le- | Cover of 2.0cm le- | Cover of 2.0cm le- | & 5,
ngth from top and | ngth from top and | ngth from edge side | Cover of 0.5¢m le-
bottom side was | bottom side was | was taken off. ngth from top and
taken off. taken off. bottom side was
7 taken off.
==
LT L D 1.0em
Cover of 1.0cm le-
ngth from top and
bottom  side was
8 —_— = taken off.
10am £
LTFEL D 1.5em
Br L b,
Cover of 1.5¢m le-
ngth from top and
bottom side was
9 e —_ —_— taken off,
l.scmj‘ -
T

VE : ALBE4f No. 1, No.2, No.3 DORATEE L +1 7 /MEIE6 BTRTL, B2y 1 7 a7
HTKT, &4 7 A DR TIRACHIEES WE Lz, WIHAH: No. 4 ORATHEL YA 70, K2
FA N EHEIBTHRTL, TORTHEELIE LI,

Drying of specimens of treatment number No.1, No.2, No.3 was ended on 6th day

Remarks :
at Ist cycle and ended on 7th day at2nd cycle.

Drying of specimens of treatment number

No. 4 was ended on 9th day at Ist and 2nd cycle.| Delamination was measured at end of each
cycle. Drying condition was based on ASTM D 1101—53.
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SRIHE, SR & R OEHERD
HBRIC &> CPIRIR A A3 B F I DR
! FE 2T B, TR WLTINE -
HLDDFIED D B
Glue I Fiebb, P TRBEEROF B
e\ e ohs &5 heBomic, BRI
v ECBRIE R B L e, REET

End / Eoﬁo_m
Fig. 10 ~PEZEALOREE

The line measured dimensional change.

two values of I-I and I-17,

II-II and

-1, M- and T-TE, V-1V and IV'-1IV/,

V-V and V’-V’ was averaged.

/ /
c 1
2h
X
° L
P20 —
Fig. 12 &EMCHERS S A AREIEE

Low elastic material glued between
two rigid materials.

ey Edat = 2, 8(—)“115{bsinhl,rx—xcosh/l;x} Xsindiy/m(2i—1)et
=

ZZTC h=Qi—-1Dm/2h (4=1,2,3---0 )

L BIHEE &> TR AET 5570 % FHE
JEIIMREE L TR D X 5 TIiT LT 5.
BRBIER O~F ¥ X OEEE %, Fig. 120
Iiiwen, WEIRE TVIckWTEESR,
0 LEREETHLORLEL, RE KT
MOl SITRPITIS D03 Uiz & U,

ZDEEDGEINIKRKXTREND,

o:]Edat=1— i 8( —)“‘{(1 -}-Zfb)coshllgx-&;xsinhhx]
i=1

Xcos/l;y/ﬂ(Zi-l)ef”” ............ (3)

oy Edat= §8(—)f“[(/Iib—l)coshhx—/lixsinh/hx}
i=1

X cosAy[m(2;—1)ertbemeennnns (4)

ox 3 Fig. 12 B W TIROBEEEO B D x,y FRKKDOKD %, y 7e DI I 5 80 x HEO y e

EHENNW

gy ; Fig. 12 KB WTHOBEBEIO S X b x, »y THICKDRD z, y i B8 EH 5 &0 y HFHOD x T

EHEVNIW]

Tey 3 Fig. 12 CRWCIHOBEEO & L0 2, vy FRCKDED 1, y i biE8HC & 5 S0 x y BOIN

&7
E ; AREIRROFMEREK
da 5 @I & BEGSIER OIUERD 2=
t 3 Ti—=T: b; Ih TH>1

FLTX= ”2‘2‘ , Y=y/h ORElR LD, MCT & Fig. 130X 515,

T DFERIL, RM—AKRM OBEFEOH AWMU & NEIM & ORI OENZIFERE TRV DOT,
KERO G L VRS i3k, HACEWTHRD OELMENSHB EEL BIS,
Fig. 183 RIT 2#EHZ, S ORZRE N ORZER X v H KEWBEIZEE LT, WEM
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DBE X T B RIED B O WRIE T O &Ik
BERL T3, Fiebb, x HAD 6. (X558,
¥ RO oy (TIRED BERERE T HRAEMICS) & 7z

D, ey DIMEOEGTERE TRREZ T

SHEH ORZERE D MM X 0 b/ SR,
EZie L HivTAREIB A ERE ST BIRTED
BRI o (XEMEE D, oy (X IREOPER T
BATERNEI0Y, o bIREOERERE T HA
7

D5, BIEIGTT oy 35 X OTIKIE ) cay®
VR DEFERG ISR\ TIROK A /R 32 &4k, D
ST DFETE R A Tt & BRTREMER W] Sanic LT
VB

AERC BT, KOWEAKDIZFLRIEI s\
b=V =Y HOIEIIIREERE 2 210 T, Lk
K (3), (4), (B) hTHELLTLBNRTL B
Edat Db DIC, KD X 575 Edl % L 01,

E,; =V =Y 0K (HKK12%) Dl

I GR B

4l (BFEBRDORACKEEAL TIHME LD

T ERKT 3=V~ OEFERBIRHS DX

B & b DR — (BHENTO = v = v #ilic

RELEA L & & OKER X 9 OIFERD

2D Edl Dffi% Table 5 12773,

Z DA & FEE & OB OV TRAUE, Edl
PEDOHEDF FHEH—= v ~ Y IHH—> JHEH
DHIAED & FiX, No. 2, No.3 DU L&H:D
R OHFET LT AR OB 4 U, Zofi
DRILD S DIF ERE IR FMER % R4

1.0
+ 0.8

<o
N .6
N 0.4

N N N
05 1.

20

— X
Fig. 13 PIJEHM ORI DI J1 5
Stress distribution in plastic lamination of
3 ply material composed of metal-plastic-
metal.

o: ; Stress perpendicular to y axis shown in
Fig. 12 and shown by formula (3 ).

oy ; stress perpendicular to x axis and shown
by formula (4).

.y 3 Shear stress on x y plane and shown by

formula (5).
Y shows-Z—in formula (3),(4),(5).
X shows (b-x)/2h
Y=0 at center in thickness wise.

Y=1 at glue line.
X=0 at edge of plastic lamination.
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Edl NIEEOBAD, FIHA—= v~V H—7 5 H0MlAwD No. 2 DUMEHDRKI T, H
HEIEEEIMCBL b T W B, 2 L CHIHL: & Bl & OBIRE, Edl BADOHAEEND X5 Tl
3%

FIEH—= V'~V —F SRR L OF SHRE—= v ~ VLA —7F A OHAED L DO T
3, HEERSIEE I DIe ], TOBEMMERBLA.

& & TR R AR & PRIR & DIZIEIUE O ZERIC X o THERMAEICAET 287 &, HHGET
CAKREHC LD TETBIEN LA MUTEL, ThBIETT L FUEKHOR N O L ORI
W OTERC R EN R EZSERC L TEREL TR L 5.
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MR = v~ 2 B H & o e e 2 <, 202 X L BlbhTh%0T, =V~ ViRH
BAWERICOWTEET B,

(1) SHEIR & RIP & OUUTZAR D EE B IES < BIMHE eou - THRAUE, No. 4 OB LR
T, =V YR D LB R LT a, Table6 R4k 5icl, 1L, IV, VOREIIIAKELISE
RAUThoT, WHAOFEERNE LA LR, MOIZHELRYL, 7 I RA—= v~V iE—F
SHWADHECE Lmm FL WP LTHB5035 D, WEIEINIEKED ZR L D iZBACHRL
T35 EEZBRBII2:0b b, HERILKRD bR DT, L T= Y~ Y ROEOPRAEL T
E2HHOENEEL, &=V <Y {EHOFEERICEV IS TE I HHAOER TIRAVWD L bha
LOBRELIL DSBS, Chit= V<YM X > TRAROG EEHIANAL, JE TR
FDNK U tefedi: Ule 2 B 2 Shvd, LichtoCOMlk & PRI OIUHEIZRE DX X 5 WIS e &
DTHEENET B L3 2 bhisy,

Z & THIEC BT 2IEERCEEARE N2 E L5 2ic kb, ZORRTEUCLEOREOTSRET
EOL ST D ENTE D,

(2) #SHEH—=v~=YRH—7 FHEH DHLEED No. 1 DI EKLEDRA T O TRIUE, Edifl
BET, ERE= <Y MERA TGS D ChRE R U TR TR IS EREIG 12 20 C0 57, B
O X 5 T OPETE A AL BTE N IS RIS % 520 T\~ %, Table 8 O~FEELICA SRS X
51T, WKEMGERA O LT HAUM OFE X 3/4 ¥ THIRELTHIL, T, NOFEEMIT LA L
BVDT, {GERKN O ETEX D AN OE D 3/4 ¥ THIRLTH, OFERGNOMEIERE L EDL
bigly, OSBRI Dietz BRI D URIALL 5 LT b DEIERD & IRRESHT X2 THH
MWL X 5 L35 HDFEEN L, HEERG DI X 0 O X 5 & KREH D
TCDDFERIET L3N % & LI A%, BHOTERIEINIA ATE OB b M 2 > TERL T 5
HENEE L BB,

LT &L D ORI X BFERISTIZ UM O L OBEORI & THIRL L FRERERDIDERD X
TR LD TRD TR, Fisbb, Fig. UWEBRT IS5 AR % 2EORED F SIHARK IO
HERMR L D 4ff 37 OR L C, (BT LR U CREEA L THKIC Uiz, D8, Table7 DX 5
TeER A No. 1 DB SHAM RS OB & 7 TR TR C T & W el LAc, THEET V8 8
BHC & b Wi U,

HIRIRIE, WSS EER T OBA L

t:f?__—ﬂ [f{l—Thb, TLTZDRF DAAHE
ASA=TT X0 Lom 19 36 X 0P8 & ilorhiuc
g/;b%{y_“f BT BB DI D FKE % A<~ 6em
T DS CHRE LA, R Fig. 15 1R
oom —a” Line measured T

depth of curvature (spnscm)
A, % HE A EORK OFADH

Fig. 14 FE[H S DN X2 ThF BIEHR
BILUORITHOFIC KT B REED

DM WE Lci A
The specimen for measuring of curvature ST B,
of lamination caused by drying from surface. COREBILF FHROERD 3/4 ¥
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Table 7. KA b OEIHC & >CLES BRI O Filh 2 WE LI
DHIRGM

Drying condition of specimens for measuring of curvature of lamination

caused by drying from one surface.

% I 0 B ]
Period of )drymg A K o W B £ - Cover treatment of specimen
(day
T, MRS LKA AR WY L LT oAbiT 5,
Whole area of end, side and bottom face was covered, top face was not
covered.
! Side
’ f',‘,Boﬁom face
was covered
2 + & [H U Do
MR L ORATOEEE FEL D 0.5om & 3,
Cover of 0.5¢m length from top side was taken off.
’ ey
ot £

| MR LORATEOWE % LEX Y 1.0em & 5.

) Cover of 1.0c¢m length from top side was taken off.

% s LKA OWEZ EFL D 1.5em & 5,

‘ Cover of 1.5cm length from top side was taken off.

> |
15cm
-

6 | L« F U Do

MR LOR AR OY#EE 2.00m & 5,
Cover of 2.0cm length from top side was taken off and only bottom

face was covering.
@overed

Remarks : This treatment was same as treatment of outer lamination of No. 1 specimen shown
in Table 4.
Specimen is shown in Fig. 14.
Drying condition was based on ASTM D 1101—33.

TEEIE Lo TE LIc L &, Tibb, BHEIRES B TRAEL TW 20 TIREGIL 5 BTRX
LI LEZBID,
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——e: + 7 It & 0e6#iB
White oak, specitic gravity ose

, 100 flat grain

200~ ) @ + T it & 0724R8

(X o ) White oak, specific gravity 072
tlat grain

=i F Tt & 0.634 8
Wnite oak. specitic gravity 063
edge gqrain
®®: ¥ 7 it #0704 B
White oak. specitic qravity 070

X

e}
=
I
=
o
=
= 150 edge gqrain
= °
g I
G
[EPYeN I ®
w E
T4 =
= ©® i
g% 5 &

& L O -
Wt 00 M50
= wr
<& ) <
e | £
DE Y
u__) = 5"
(e} < >
= x L L
R
& 50+

X
| i 1 ! | | L | | | Il ( | 1
O 7235 4 5 6 7 072 35 4 5 & 1
% g B0 & & & B
PERIOD OF DRYING (days) PERIOD OF DRYING (days)

JL #l Remarks.
Test specimen : Thickness 2 cm, width 7cem, length 7 cm.
Treatment of specimen : After impregnation of water by vacume-pressure cycle
method, drying according to schedule shown in Table 7.
Measuring methed of curvature : The depth of curvature at curvature was mea-
sured in widthwise with dial gauge (reference Fig. 14).
Fig. 15 &L D OFZEANC X2 THMAIC 43" B sl DR T R ORKE & & TR
& DRELR
The relation of period of drying and depth of curvature of outer lamination
caused by drying from surface according to Table 7.

3T, FIMH—=v =y RHA—7F FIFH DD No. 1 DUFELMH:D RTA1, RTB1, RTC2
R, ETEX VAN 3/4 F THEE Lo THIELILE, Tinbb, BFEIGES BHIRELT
B9, TR ERORERSFEKREIRDEM L X< =T 5,

FIWE—= =V H—> S H D No. 1 OUBELHORF IR TE, Edl{HILIET, #E% 3/4
FTeofcr E, I, WOURBEAIMOWHGERE L Db THEs\, LIt 0T, = < vikEoBSEEM
ROBFERCEE L IGINE, EABROEMEN L b b5 B LT 5,

COEHE, RO 5 ETEE O OEIRC X2 TET B EIGH & 82 B ke fed i fifE 0wl
CEOTESTBHERIES LA N5 Z LT/ 5%, fIEL ) ORIRC X 251G, KOER s
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ML Tw 20 TIERICRG 235 2 bhua,

Hita 4 Ul TTD 3 ORI Tk, BKED E.dl e IR 7o BRI 4 U EHEIG gL,
AU OLES B\ 2D ETHE L D OB X > TE URSIRGHDE S L 3h ot E 2 bh,
FORBIIAEE S H B E U T 50T, ETFHE & D OBGIRC $ 0 TE U RIS I EBI K&
BlictEZbRD,

Eie, SMIMEROEESY L O TETHE L D OEERC Lo TET D5 RIGIARD L7 A Bic gt
4 U7 TTB1, TTC1 ORHF Tix, Table6 D X 5 CHMEFICILI, IVOUMEENAMOIHERL » bk
s =V~ YIREIAITCEL > TRRE YD, WEXLERISN L85, £LT, ZACHFEOLTHEX
b DEHRC X B F RIS A A B icdic, e s Uit Bbh s,

DX Dietz LR LA L S, LTEA &OREIRC X 5 SKEERIC Lo T 4T 530 E
DIEFEECIEELS BRIGIIE, Moo —BER L% L Bbh b,

(3) No.1 & No. 4 DMHEKHORAZHIBLTRL ),

No. 4 DA TIE, FF=V <Y MHOLEIHEL, 2OLEDOL, NORIIEKELIFLALRALT
B5N, MIFEFHEL T 5,

FOHETEL b OB X0 TE UG EIE, No. 1 RN LFEE LE 2 b2 brnbb
I, HEE Lo b oidisy, ZAUL No. 4 ORME, = U~ VRSO DOREEL T 5lc, bk
No. 1 ORA & D EVERBEN E 7B CI RGN %22 CW 50T, ORI E ETHL ) ORI X
DTETLFEIGS & DF1A No. 1 DRT L D RV &, XU No. 1 OFK D= V'~ v IHmEANEER
ETHENMEN 2D TH A 5, Taks, = V= VG ORER L ot o F Sl OBREER S £ 08k
DFAEELLTHBE EIELBNDN, =V < VA OLEIELIcL & DI, WOHEELZbL T
THDHDT, LTOPEIEDLTHA5 LEZ DN,

(4) FIH—=v<vRH—7 FHHOHAED No. 2 ORMIMELHEDORA I 2 THRIUE, Edl
fEi3 T, Table 6 O~HEELICA LN

5Lk, TR =Y <y MEE A 4am length slice specimen cutt off after
- sand 4day from start of drying
BRI, KBRS B Tlm —
Bo FOBOEIRCAEOTI, NORS l T - ﬂ{uﬁ f;? Ons g:r;ec'day
L RMOEIDIINELBIL, =V | !
= Y X LI WIS RS2 T BIA E 2
ATP< etb, BIRIEIIE LISV IR h J
+7%, No. 3 DRILRLDORHICOUT \ Lv
4 No. 2 DA L AKRC L2025, \’ ] | 7@%

Kic No. 2 35 X0 No. 3 DRI CIE, R —dom —+—
C OFFRIGIIC RN & b ORI X Fig. 16 fIE L h DR X > T fIEREIT
B GKFESHT XoT £33 WE o Bbh B ERMT B ld DMK
SR T RIS B & L The specimen for test -on stress developed

on edge surface by drying from edge.
60
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Table 8. U & Y OFZHAC X > CHIFTOERTIC £ 2% MET 57 ORI OBBIKH:
Cover treatment of specimen for measuring of stress set up on side surface by
drying from side face.

Bl R .
Peg;od A o W' £ # Cover treatment of specimen
%Eg;l)g White oak specimen EZO spruce specimen
KAoLmz s L ETFmE  Covered KB OLmx 3 L T,
BT = | R,

1 Whole area of end face was “ Whole area of end face was
covered, top and bottom covered, top and bottom
face and edge face was face and edge face was not
not covered. covered.

2 FE & B U Do E & [E U Do.
AROWETETFHE DO0.9em
WEE L D,

3 Cover of 0.9 cmlength from F w [ U Do.
top and bottom side was
taken off.

| ROETETFEL D 1.80m
R LD,

4 Cover of 1.8c¢m length F & B U Do

from top and bottom side
. was taken off.

The method of removal of cover on oak specimen corresponded to the method of
removal of cover on outer lamination in No. 2 specimen.
Drying condition was based on ASTM D 1101—53.

ZDIEINCDNT, KD X 5 Bk a0t

FIRIC= Y=Y O LY Fig. 16 /CR$X 5l H, iEEMZ 5D R0 4 48R L, fEERK
LIARRIC U TR E Lic, £OBK IR HE U CRAERT L UHERR TR L e, F7oKk00
#BEE No. 2 DML AFOITERA O WL b Lot LA UMY T2 X 5 Table 8D X 512k
fLELD, =V =Y IAROMCHE LicE ¥ & Lk, SEIRHERIHNCI T Fig. 16 © X 5 12# 2.0 mm
FEOWH2WERMEL b 18 E2T, YT & VIS0 R 2 RE L,

ATGAAJ DR EIANTOWORED Tem L L, 7 DRIL3 A, 4 HEHIFEHHDFHRT dem X
DRFZBIRLIZ, T LU TREDEMEYMTTIOAS A AN B LOROTERTEL LY, 254 AKD
BKED & HICPE LT Fig. 17 KR,

No. 2 OFA T, ML b OFHHC &> TEFT BIRISIIL T 7 MM Ol IRB X S h B L%
ZBNBHDT, FWRBAL D 2~3 AETLALTRAMLAY, * L TEOMIAUMCIEE & iz
BawRE, BAMUICHRE 2 Bbh b0 TE L, + I RHAMIMCEEENEE U bDdbb oL LD
BT, =Y=yOldEic X st S sBECET 5 L Ebh b,

LR TCHIRD 2D 2 D5 RIS DR, HHRBIAE 1 ~2 BickE </t h, = O ic s
ETHDTHS 5, fnk No. 2 DRI TR EFH & b OBIRIC X 23RS S b 5%, B0
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F 7 %8 (WHITE 0AK , FLAT GRAIN) TAV" #28 (EZ0 SPRUCE ,FLAT GRAIN)
(M) 150 IQOI_
0.0050r ) o] )
= & = A
Z = g o
ool o - = 100
u’_—j 00025 S = u'_z_‘
|§" é 1%000]?5 * %
- n 3 i o
=3 o ! ° )& | L (ﬁa oS
= oo PERIOD OF RYNG = = 00t PERIOD OF DRYNG S 5
o = = = o+
= wy S S T S
2 = I I
g T LENGTH SPECIMEN 2
% ~-— 4@ LENGTH SPEUMEN % 15
[ fass (%)'t

S

= = 3
= = -
= = &
& (™hnm) 3 =
2 ooy xe. 20005 =
l»—- > = S
.E Lo ays) 'E - QW)E

2 = ' &
E 005 pepiop oF DRYING Zoooner PRI OF DRYING 2
= w =
Z = 0 1 2 3 4
o 7 ays)
& &= PERIOD OF PRYING
= PERIOD OF DRYING =

794 8 (WHITE QAK, EDGE GRAIN) I Y9+ 8 (ELO SPRUCE EDGE GRAIN)
Fig. 17 R & b ORI X > TUEREC LI 2187 LR AT E OBIR

The relation between period of drying and strain developed on edge
surface by drying from edge face (reference Fig. 16 and Table 8. ).

ZOERNECIES S,

s, No. 2 & No. 3 DO TRIUE, WFhoR) T hIgBHhtE 1 ~ 2 B o —kiic
b, HEELIETRBETLSDT, No 20RNIXELLT, ML D ORRCX 251RIEN &,
> 74k = v = Y RN OIBIEA T L T B fedic = v = MUREI OPEGERICE U T 35 BRISS
LR IOTHMRE LD bR LE X bRB, £ L THEOIRRGHEDOIE TS 2 EdlEI3, FLEBHA
B1~2 B TREABONM & KEISHFRIIRN DT, WD X 5 KHEARD Edl fEH KE T UL EkHE
3LV EWIBIANR LR DEDTHA .

(5) 75HH—=v=YiEH—7 7RHDHAED No. 2 DMIEELHDORA TIX, E4l HIZET,
Table 6 I FDO~FIEEALZ 3 L 5 A EBIL = V' ~ Y ME A JTc B> CNB o B ERL, =V
~ Y M Ok OHERERE TRREMSIG I OB R R L, Felfe & bicd 7 M OIFRTmMOGHC Lo, W
DEIRMOEI L Y JMINKE L, =V~ Y HIWEE LEWICRA TS THEOEBA~E S
tedd, FEHEEIE LIS ICTRD 35, % L CHelibilatk 4 ~ 5 BT, EMEISHEDIRE TH 2 Edlfl
BHEABO Edl L ) KE B LI E /s, —FfE L D ORI X 5 G KEHFC IO TETD
BMEIEINE, Fig. 17 O X 5 CHEHIRBIAE 2 ~3 HTRE LD, TOREIROMER L L HWD T2,
FTFEL b 0BT X BEERISINE, HIEO & 5 /MM OIE S D 3/4 ¥ THBEAR DRV THIRT % %
TWARL, T OfLEENE2E 2 b,

7%, TTD3 @ No. 2 DUEEHDRI IOV TRIUE, No. 1 DMIEEHADR T OREHS 2 + 1
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Remarks :

F, :

II—II

JE—1I :

P B ST DEETE R R 1 % 5 | HRARE

Tensile strength of inner lamination on the glue

line at the edge of specimen.

PR O ETHE X b OFRREC X o TR A Sl

Aok UTAET % B I D6 B T 0 5 3R
&7

Tensile stress perpendicular to glue line at the
edge of inner lamination which set up by tending
to bending of outer lamination caused by drying

from top and bottom face.

P AR I D b DFZREC XD TH 9 % PIE AT ©

P R TR B RIS )

Tensile stress perpendicular to glue line at the
edge of inner lamination which set up by drying

from edge face.

SHIERS & PIEM DIZRIEET X > TET 2 NE
ST DG RN B 7 T

Stress perpendicular to glue line at the edge of
inner lamination which set up in inner lami-
nation by the difference of swell and shrinkage
between the outer lamination and inner lami-

nation.

Fig. 18 No. 2 WUHFR I HMt% 47" % R ORISR

Schematic diagrams illustrating the time when delamination developed in No. 2

cover treatment specimen.
Case of (A) ; Oak, edge grain-spruce, flat grain-oak, edge grain.
Case of (B) ; Oak, flat grain-spruce, flat grain-oak, flat garin.

IAHARETTE D, Fio= V< v MIREEIREPREIC 0 THREE R\ CEBEHIRIC /L Bigu a3, &
ML No. 2 ORK DEhD# 3/4 FREETH D, ¥ 7ofthd No. 2 DA TLLMAEIFEHAL h 4~5 |
BIRELTID, ETEHL ) ORIEC X 5 RERIBA LI BHH L —~H LT 20T, No. 2 DRAT
bETHL D OEIRC Lo THET B5RIEN OB BILBINAE ot L fbh b, 20X i 2
BIRED X 5 ICHEARD Eudl i & FIBER & ORI RIS bhvs\ b o 2 RS h X 5,

Th@x, THB3ODEHDOFIE  Ie DI HRBAK 4 ~ 5 HIC izt Uit £ 2 bhb,
UEDZEL, PRIFC =V < v BH & 7oA Ul o RASREIC O\ TR L 720t ER
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MR S iz & & OFERAGMHRTH bE VTS L7 No. 2 DR DB\ CTHIEERAE: DR
MEred, Fig. 1802 ThhH5 LELBNB,

MR = < Y HEH Z AV LA B0 b OREHEEY D e, ZOEHARZITET 5 - LIE#THS
MNEERCIE =V = Y IRE 2GR OV TR LICEFRR Z L2 2D TiXiswa & Bbhbihv s,

PR E 2 AV b 025, HEHD SO X D L3V 20 5 R, AR E 2 BvicBe
=~ Y REOBTERC T W EH & 80 & OBRHE X D BSEN A U, LEWIRATT OB DT
ETT 200D LR b H 50T, WRBICHE 2\ eSS TREC Y L M 2Ekbh, &)
ERPETRPTVEWD Z LIHBD TR, D 5 D%

FHHBERBRIC X2 TF 5 —= V' = v —F 7 RN AL T 2 FIiE Fadk o IR EEERMICIS I 2R
TR A EDEE LA, ThiCXEL 0ol L 57, ZhB#EOL HERCREINTWS
EREBEL LTEELL,

HECRWTR L L ST, HMREDOIQLHMTT T 5ITI#L OKRE ISRBIRORELEATHSZ
LIRS EThIRDS, RER TR HBHERRIC 0 5 4 2, EROFALH TR 51R1E
L ORIEE B I NI TH B,

RKEETRLALI IR, 7 7—=V =Y —7 FERMC KT 2L, BERERPEERECST 5\
D@ HEFAME TR, BERERECECBAO= Y <Y HehOMEC X 24 Th 5 LTD b &
1%, BEERIO G &M% O Big 2 BSEBARORMBIES b Tinl, BWETEM O A L4k WA E
ThAZEEWELNARLTWD L2 X 5,

8 L2

AERE, ASTM D 1101—53 | L ftE A—EEHRD 4 7 AT, RAOKDEABELT, FO5
B ETEE D EIKBRE L CRIECE LIS HEE WET 5 HHGERBRIC L DT =/ —A—Vv Yy
= VERERICERE SN T —= Y~ Y — 5 5 A O FIBESR DI O\ TR R BT 2 T

ZTORRIKRDO L ThH D,

1. {(BERMROEZIHERS, FAHEHOERBCA OIS CHEE L& Uledy, FOREIEERS, i
FEFEREOVEC X DEH TS, =7 <7 PRIH OBREEICIT L 55 O AR MIIIC X 5HETH D
z @B b,

2. COLIflRE U, BH = <Y NI OBATIARRMCR bR T,

3. =V =Y MR E % SR % <, HEH DB AT A T\,

4. HEEREORICOVWTRNE, FIIEE—= V<Y IRE—7 L E OHBACIREREEL D 1~
20, FIRH—= V=Y RH—7 FIREDHAEITIL4~5 B ThDT,

5. SMUMOKE L OBIRICOL TRNE, + 7 HH—= < Y il B—7 7 i H OBAIZIMUMIC It
BEORWHDOEF AT CHEER S 4007,

6. RNWKEEALLE, +3MIMCIoT= Y~ WM ORI L ShTw 2, Flii=
VeV AEIMSHEEINR TV AER A L, =V <YMORMREY E, L +hUE, E.4 L8R
ORIRE RUE, > IHEH—= Y =Y RA—7 FHEH OBHARIIX &0 B4l fEDOREE L LR DS\
B3R b,
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Fig. 11 f¢ # & Kk o
Delamination of
TTC #H% Table 5 iTklF5
TTC’ specimen shown in photograph is TTC 1 specimen shown in Table 5
TTC' 1% X " RTA 1 (% No. 1 4L H 3 i
TTC 2% X O RTA 2% No. 2 L B &R K
TTC' 3% X " RTA 3 (X No. 4 4L ¥ &K K
TTC' 4 % X O° RTA 4 % No. 3 4 # & K




RN BT 0I5 R0 (R - BB

# e K WL

Accelerated specimen.

TTC 1 34T RTA #HiX RTA 1 XA T %,

and RTA specimen is RTB 1 specimen shown in Table b.
TTC' 1 and RTA 1 specimen is No. 1 cover treatment specimen.
TTC' 2 and RTA 2 specimen is No. 2 cover treatment specimen.
TTC' 3 and RTA 3 specimen is No. 4 cover treatment specimen.
TTC' 4 and RTA 4 specimen is No, 3 cover treatment specimen.

— 115 —
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Table 5. {¢ e #
Amount of delamination of
iy | 5 ko [RRBUT ORRRS
KB oW BEREE e | ooy [CETB=VTY p
RKRAE HeeD DIEED b DR E,-41v
Density | E,, E; of Swelling length
Maxfks Combi- of bending Swelling | of EZO spruce :412;”
O: H : .
specimen nation | Specific | ;nnyal | modulus | length of |on the glue line ! ,
of gravity | rings |L to grainOak and EZO of acce.:lera.ted X 12 Jem
grain X108 spruce 41, delamlnatlon Cem) &
kglem?® test specimen
(mm) aly (mm)
NT | 0.52 6.1 3.2
TTA 1| BT | 043 | 10 | 3] n 38 SRR
NT 0.51 6.4 3.6 ave. 0.13
NT | 0.64 6.5 4.1
3.8 3.4 3.8 0.04 | 0.15
TIB1} ET | 0.45 10 3.4 3.5 3.9 0.04 | 0.14
NT 0.64 7.5 4.4 ave. 0.15
— NT | 0.73 8.4 5.0
5.4 3.0 4.6 0.16 | 0.86
g| TTICL | ET | 0.43 11 4.0 3.1 4.3 0.12| 0.48
3 NT | 0.73 9.3 5.2 ave. 0.67
- NR | 0.67 12.7 1.5
4.9 3.4 2.1 —0.13 |—0.64
RTA1 | ET | 0.45 10 5.6 3.6 2.3 —0.13 |—0.73
NR | o.67 12.6 1.8 ave.-0.68
NR | 0.76 4.4 1.9 .
5.1 3.5 2.4 —0.11 |—0.56
RTB1 | ET | 0.45 10 3.9 3.6 2.6 —0.10 |-0.39
NR | 0.77 13.4 2.0 ave.-0.48
NT | 0.50 5.7 2.9
4.7 3.4 3.2 —0.02 |—0.10
TTAz | ET | 0.45 8 5.1 3.4 3.1 —0.03 |-0.15
NT | 0.48 5.6 2.9 ave.-0.13
NT | 0.59 6.3 3.5
3.3 3.4 3.5 0.01| 0.03
TTB2 | ET | 0.45 7 301 3.3 3.6 0.03 | 0.09
NT | 0.59 6.7 3.2 ave. 0.06
NT [ 0.63 6.6 3.7
rroz | mr |ow | o | 41| 33 | 42| o) ow
NT | 0.63 6.1 4.9 ave. 0.40
NT | 0.67 7.3 4.8 .
| et [ow | 7| 33 St | a2 | o ow
NT | 0.67 8.2 4.5 ave. 0.38
= NT 0.70 8.9 4.2
4.9 3.5 4.2 0.07 | 0.34
g| TTE2 | ET | 0.4 7 48 3.7 4.4 0.07 | 0.34
(;)‘3 NT 0.70 7.9 4.9 ave. 0.34
NT | 0.76 8.5 5.4
4.7 3.3 4.5 0.12| 0.56
TTF 2z | ET | 0.45 6 3.9 3.7 4.6 0.09| 0.35
NT | 0.77 8.4 5.8 ave. 0.46
NR | 0.49 10.2 1.3
2.6 3.0 2.0 —0.10 |—0.26
RTA 2 | ET | 0.44 6 2.8 3.3 2.4 —0.09 |—0.25
NR | 0.52 10.7 1.5 ave.-0.26
NR | 0.67 10.9 1.9
4.5 3.2 2.6 —0.06 |—0.27
RTB 2 | ET | 0.4 6 3.6 3.3 2.7 —0.07 |-0.25
NR | 0.67 11.4 2.0 ave.-0.26
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oo #H ® &

accelerated test specimens.

No. 1 4 ® & AP No. 2 & B R A No. 3 M B R A®
| Treatment No. 1 specimen Treatment No. 2 specimen Treatment No. 3 specimen
1 cycle 2 cycle 1 cycle 2 cycle 1 cycle 2 cycle
RIHE % T1%) HE B KR T alHEEE T elfEz T . e \RIHEZ T, w FHEE Tl e =
ogfrnP kA B Rio i R R n 8 R g g 9 R ) p 9
Period ofl[AmountiPeriod of Amount Period of Amount Period of Amount Period of Amount Period of] Amount
drying £ drying of drying of drying of drying of drying of
required required . | required .| required . | required .| required, .
to  |delami- to  |delami-| "= T delami o |delami-| "TE T delami o |delami-
delami- nation delami- [nation |delami- [nation |delami- [nation |delami- |nation |delami- |{nation
nation nation (mm?) nation (mm®) nation (mm®) nation Cmm?) nation (mm®)
(days) | (mm® | (days) | ™" | (days) | V™™ | (days) (days) (days) | ™"
0 0 | 5 60 190 0 0
0 7 40 0] 5 70 0 0
0 7 30 3 450 750 0 0
5 175 215 2 1090 1540 2 | 865 1260
\
| .
5 45 70 1 1165 1420 1 1125 1175
|
0 0 0 5 80 6] 0
0 6] 5 75 380 0 0
| I
0 0] 0 5 60 0 l ’x 0
0 l C i‘ 5 ‘ 25 85 0 1 0
‘ | L | o |
0 r 0 5 i 75 | 195 ‘ 0 | 0
‘ | | \ |
0 0 .0 5 i 90 \ o ‘ 0
| | | |
[ ! w \
| o 0 ;o o 3 70 | %0
| L ; N
| | T
0 0 } 0] ' ’ 0 0 0
| |
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S H- o
AN B ot [T = TEHE =V vt BT = P
= = b4 A..’é_‘-l) y TES 9.2 H@nﬁé?ﬁia) E:S'Alo
A s Eo, E; of DU E Swelling length
Marks Con'1b1- Denilty bending Swelling | of EZO spruce :Aljl
nation [© on the glue line 4
of of Specific annual medulus ength of of accelerated X 10?
specimen . |Oakand EZO R kglem
grain |gravity | rings i ltc())3 grain spruce 4l tdezltms?:;::; (em) &
kglem? (mm) Al (mm)
NR | 0.74 13.1 2.3
5.2 3.5 2.7 —0.08 |—0.42
RTC 2 | ET | 0.45 6 5.5 3.7 2.9 —0.08 | —0.44
NR | 0.72 14.7 2.0 ave.-0.43
NT | 0.59 6.7 4.7 5 ? N
2.8 2.7 4.0 0.13| 0.
TTA3 | ET | 0.35 7 4.1 2.7 3.3 0.06 | 0.25
NT | 0.59 7.6 3.8 lave. 031
TTB 3 I;i 8'2(5) . g:? | g:? 3.7 o0 0.3
: 3.7 | 2.8 3.5 | 0.07 0.26
NT | 0.63 75 | 4.9 | ave. 0.29
NT | 0.68 7.6 6.2 ‘ |
3.6 2.7 5.1 0.24 | 0.87
Tr¢s | ET | 0.35 7 4.3 2.8 3.6 0.08  0.34
NT | 0.68 8.1 4.3 ave. 0.61
NT | 0.76 8.2 4.3
3.0 2.9 4.0 0.11] 0.33
g| TTb3 | ET | 0.36 7 2.7 2.9 4.0 0.11| 0.30
Y NT | 0.74 9.1 5.2 ave. 0.32
g NR | 0.5 8.0 2.3 ’
5 4.1 3.4 1.9 —0.15 |—0.61
o | RTAS | ET | 0.35 / 3.2 3.4 2.4 —0.10 (—0.32
NR | 0.59 8.8 2.3 ave.-0.47
NR | 0.62 9.7 1.6 ‘J
31 2.8 1.7 —0.11 '—0.34
RTB3 | ET | 0.35 7 3.7 2.7 1.4 013 1—0.48
NR 0.61 7.6 1.3 ave,-0.41
NR | 0.65 13.1 1.4 }
2.7 2.6 1.4 —0.12 —0.32
RIC 3 ET | 0.34 8 3.1 2.7 1.7 —0.10 |-0.31
NR | 0.65 1.2 1.7 ave.-0.31
NR | 0.72 13.3 1.4
3.2 2.7 1.5 —0.12 1—0.38
RID3 | ET | 0.35 7 3.6 2.8 1.5 —0.13 |—0.47
NR 0.71 11.9 1.2 ave,-0.42
[ NR | 0.57 9.8 1.7
1.7 0.6 1.0 0.04 | 0.07
RRA 1| ER | 0.40 3.9 0.6 1.1 0.05 | 0.20
| NR | 0.57 7.9 1.8 ave. 0.14
NR | 0.63 10.5 1.2 J
2.2 0.8 1.1 0.03  0.07
RRB 1 | ER 1 0.39 1 0.8 1 003 | 0103
NR 0.64 10.8 1.3 ‘ave. 0.05
\ NR | 0.66 13.8 1.6 ‘
3.3 0.5 1.0 ©0.05| 0.17
RRC 1| ER | 0.39 4.9 0.5 1.1 ‘ 0.06 | 0.29
| NR | 0.66 10.8 2.2 ave. 0.23
— NR | 0.72 13.5 1.4
2.7 0.6 0.9 ‘ 0.03 | 0.08
g| RRD 1| ER | 0.59 4.5 0.6 0.9 0.03| 0.14
3 | NR 0.72 12.9 1.5 ! | ave. 0.11
NR | 0.74 12.7 1.9 '
2.3 0.6 1. 0.08| 0.18
RRE 1 | ER | 0.39 2.6 0.6 11 0.05| 0.13
NR | 0.74 12.5 1.7 ' ave. 0.16
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' No. 1 # 3 3 HP No. 2 A #H 3 k® No. 3 A # 3 kP
| Treatment No. 1 specimen Treatment No. 2 specimen Treatment No. 3 specimen
1 cycle | 2 cycle 1 cycle 2 cycle 1 cycle 2 cycle
|
FREE CH  HERIEEE Tl e m lEIBEE Tlag ue = FIHEE Tlay e = FIHEE Tloy e = EIEEE Tley ue o
g{egzma ﬁe) g{gﬁf&a /ﬁ'J }Zt[ =N @%MH iﬂ }%TE S @ﬁiﬁ’ﬁﬁ :ﬁJ xisﬂ. = @:‘%—@EH 3]3.[ }fﬂ{ pEEN @EIZJEEH i’ﬂ AIE B,
) 2 ] 2
Period of Amount|Period off AU erioq of AMOURBe og of ATOURBe g of AMOUNHBe iod ofAmOunt
dryipg | of dryipg of dry.ing of dryipg of dryipg of dryipg of
‘req;:red: delami- reqtuoued delami- reqlé(x)red delami- reqélolred delami- req;gleddelami- rqu)lreddelami-
delami- nation delami- [nation |delami- [nation |delami- [nation |delami- [nation |delami- [nation
nation nation oy | nation 2y | nation 2y | Dation 2+ | nation 9
(days) | (mm?) | (days) (mm*) (days) (mm?) (days) (mm?) (days) (mm?) (days) (mm?)
l ! ' ‘}
5 | 8 i 90 1 750 950 1 1125 1150
|
| |
‘| ! | \
| | o ‘ 0 4 | 120 350 I o 0
‘ ! } ' '
i o ‘ 0 4 l 10 ) ( 180 ‘ 0 0
! |
0 ‘ 0] 4 ‘ 140 ‘ ' 560 1 0] ! 0
o |
, ! ] | ‘ 1 ‘
o | 5 \ 560 : 4 _ 140 875 0 0
| o |
[0 o | 0 320 ol 2 50
[ ! | [ l
w o | | o |
| 0 i 0] (0] i 130 ‘ 0 1 | 70
| | : ! : I | | ' !
| : . l
0 \ | 0 0 i 10 | 0 0
1 J | | J ; |
' | | \ ‘
‘ 0] 0 0 150 1 103
| | | \
| | |
‘ 0 o 0 0 0 0
| l .
0 7 15 0] 15 0] 0
| | |
| 0 7 5 0 | 0 0 0
\ '. §
— | |
\ ) 0 0 0 0 | 0
| | |
0 11 { 0 l 4 15 30 0 j 0
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7!_\. iﬂ Oﬂj E@ﬁﬁ’%—“ﬁ 7;{%&2) - ‘/.~7 ‘71‘7}‘ k\’.jﬂ&f‘f:):l‘— ‘/“’? 4 Al
S5 DIZREY Es-AI®
S ;‘fﬂﬁ,p_-l) @WEE?) 7]7"
RATH ) Density E,, E; of PR Swelling length
Marks C0n'1b1- of fending Swelling | of Ezo speruce =AIZA_Z
of nation | Specific| /a1 modulus | length of | 0% the glue line !
. of . of accelerated X 10°
specimen gravity . [Oak and Ezo o kgjem
grain rings |1 to grain delamination | (em) 4
3 spruce 4l .
X 10 test specimen :
kglem? (mm) als (mm) ‘
NT 0.53 5.6 3.1
3.8 0.6 2.1 0.15 0.45
TRA 1| ER | 0.40 2.2 0.6 2.2 0.16 | 0.35
NT | 0.54 5.2 4.2 lave. 0.40
NT 0.68 — — ‘
3.2 0.5 2.6 0.21 0.67
TRB1. ER | 0.38 2.6 0.5 2.9 0.24 | 0.62
0.67 7.1 5.3 ave. 0.65
NT 0.73 8.1 6.0
1.6 0.7 3.5 0.28 0.45
TRC 1} ER | 0.37 2.6 0.7 3.8 0.31| 0.8l
NT 0.73 8.1 5.4 ave. 0.63
NR 0.59 10.1 1.5
1.7 0.7 1.1 0.04 0.07
RRA 2 | ER | 0.39 3.0 0.5 0.9 0.04| 0.12
NR 0.59 10.2 1.3 lave. 0.10
NR 0.73 12.9 2.2
3.0 0.7 1. 0.06 0.18
RRB 2 | ER | 0.7 1.8 0.7 1.1 0.04 | 0.07
NR 0.73 12.6 1.8 ave. 0.13
= NT | 0.63 6.1 4.1
1.4 0.6 2.5 0.19 0.27
o| TRAZ | ER | 0.9 1.8 0.6 2.9 0.23| 0.41
3 NT 0.63 6.6 4.3 ave. 0.34
NT 0.68 7.4 5.2
2.6 0.8 3.0 0.22| 0.57
TRB 2| ER | 0.39 2.1 0.8 3.1 0.23| 0.48
NT 0.68 7.5 4.6 ave. 0.53
NT 0.71 8.3 5.8
1.6 0.5 2.4 0.19 0.30
TRC2 ) ER | 0.38 201 0.5 3.1 0.26 | 0.55
NT 0.71 8.4 5.1 ave. 0.42

R CTHEE L Dixignoiz,

Delamination of treatment No. 4 Specimen was not recognized. No. 4

Remarks 1)

2)

3
)
5)
6)

NT ;Oak, flat grain,
Widthwise bending modulus and swelling length was measured on specimens

ET ; Spruce, flat grain, NR ;Oak edge grain, ER ;

spruce lamination was averaged on upper specimen and lower specimen.
Each widthwise swelling length was measured on upper glue line II, II’ and

E; ; Bending modulus under dry condition.
Reference Table 4.

The period of drying from start of drying to development of delamination in
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No. 1 & B & D | No. 2 4 B & f° No. 3 L B & AP
Treatment No. 1 specimen Treatment No. 2 specimen Treatment No. 3 specimen
1 cycle | 2 cycle 1 cycle 2 cycle 1 cycle 2 cycle
BRE I BT Tl e B E Tl g o IR T e MMEE e SIS Tl e
g?ﬁéﬁ _%6) g{%ﬁa 55’1 %ﬁ ] @ﬁz'f;{:El i‘] %E ﬁggﬁ%a ff?’.’ %[t Eg{%ﬁﬁ ‘gﬁ‘l ﬁfﬁ =R @EZ‘E‘EEI iﬂ %fé H
Pericd oflAmount|Period of| Amount Period of‘Ammlnt Pericd of Amount Pericd ofiAmount Pericd of] Amount
dryipg of dryipg of dryipg | of dryipg of dryipg I of dryipg of
req;.lo1red delami- rqured delami- reqtuolred‘delami- req;lolreddelami- req;‘(:red‘delami- reqll(:red delami-
delami- nation delami- |nation |delami- [nation |delami- nation |delami- [nation |delami- |nation
nation nation 2y | Dation 24 | nation 2y | nation 2y | nation 2
(days) | (mm®) | (days) | " | (qays) | " | (qays) | | (days) | )| (days) | PO
i ! i ‘ | ‘
0 ‘ ! 0 0 o \ o 0
| | I 1 ‘
‘ ‘ ‘ | ‘ ‘
0 | 0 o o 0 ‘ 0
\ : ! i ‘ ‘ !
| S o
0o | ‘ o . I o 4 40 0] ' 0
i ‘ | ; ;
| T |
0 0 o ! o | 0 o
| | ‘ | ! {
0 6] o] 2 ; 30 0 0
0 0 0] 4 ' 20 0 0
|
0 0 0 4 ‘ 25 0 0
]
| o
0 ’ 0 0 “ ‘ 0 ‘ 0 0

Spruce, edge grain.

as shown in Fig. 9. In the case of Oak each value was averaged and each value of

Bending modulus was measured under dry condition.

lower glue line 1V, IV’ of accelerated test specimen shown in Fig. 10 and was averaged.

each cycle, Amount of delamination is measured by method shown in Fig. 4.
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Dimensional change of accelerated specimen.

Table 6—A.
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No. 1 MERFA | No. 2 MERAA | No. 3 AERA | No. 4 WHERHF
R FKA JE(LLE | Treatment No. 1 | Treatment No. 2 | Treatment No. 3 | Treatment No. 4

specimen specimen specimen specimen

No. of | No. of " TEE T % w & % & & % #® &
measured Swelling length (mm) Swelling length (mm) Swelling length (mm) Swelling length (mm)

anppt X T T

SPEEER ] qime | (1)) (2) | (3) (1) (2) (D (1) | (22 (3) | (1) ] (4) | (3D
I 5.2 2.0 — 5.3 — 3.5 5.1 3.7 — 5.2 5.2 —
1L 5.0 4.1 — 5.0 — 4.0 4.9 3.1 — 4.8 4.7 —
TTC 3 1 3.0 2.9 — 3.2 — | 2.8 3.0 2.0 — 3.1 2.2 —
v 3.6 3.6 — 3.6 — 3.5 3.6 2.5 — 3.6 3.5 —
\ 3.8 1.7 — 3.7 — | 2.1 3.8 2.7 — 3.8 | 3.8 —
I 3.3 1.4 1.4 3.4 — | 2.1 3.4 2.9 — 3.4| 3.4 —
I 4.0 3.9 3.9 4.0 — 3.7 3.8 3.0 — 3.9 3.9 —
TTD 3 iy 3.2 3.2 3.2 3.2 — | 2.9 3.2 2.4 — 3.1 2.3 —
v 4.1 4.0 4.0 4.1 —_— 3.7 4.1 2.7 — 4.1 3.9 —
v 5.0 1.7 1.7 4.9 — 3.2 5.1 3.2 — 5.1 5.1 —
I 2.3 0.8 —_ 2.1 0.9 1.8 2.1 1.8 — 2.2 2.2 —
1o 1.9 1.8 — 1.9 1.5 1.9 2.0 0.9 — 1.9 1.7 —
RTA 3 it 3.2 3.0 — 3.1 2.6 2.8 3.0 1.8 — 3.2 3.1 —
v 2.4 2.3 — 2.4 1.9 2.3 2.2 1.3 — 2.3 2.3 —
A% 2.3 0.9 — 2.0 0.8 1.7 2.0 1.7 — 2.1 2.1 —
I 1.5 0.5 — 1.7 0.5 1.3 1.6 1.1 1.5 1.6 1.6 —
1 1.8 1.6 — 1.7 1.4 1.6 1.5 0.6 1.5 1.6 1.4 —
RTB 3 T 2.5 2.5 — 2.6 2.1 2.5 2.7 1.3 2.4 2.6 1.6 —
v 1.5 1.5 1.4 1.1 1.4 1.5 0.8 1.5 1.6 1.4 —
A\ 1.3 0.4 — 1.7 0.4 1.2 1.3 1.1 1.3 1.5 1.5 —
T 1.4 0.2 — 1.4 0.3 1.0 1.4 0.8 1.4 1.5 1.5 —
I 1.5 1.3 — 1.5 1.1 1.5 1.6 0.7 1.6 1.7 1.6 —
RTD 3 1L 2.5 2.4 — 2.6 2.0 2.5 2.6 1.5 2.2 2.6 1.6 —
v 1.4 1.4 — 1.5 1.2 1.5 1.7 1.0 1.7 1.7 1.6 —
N 1.1 0.1 — 1.1 0.2 0.8 1.1 0.9 1.0 1.1 1.1 —

B Mo (1), (2), (3), (4) BKRAR LD TRINIMETS S

(1) (ZKBEOWEMET, I, T, IV, VOEI)—(KFERKO T, I, W, IV, VORI)

(2); (FFE&L D, FRETMAMID L.5om $BE2 L O>THELLS B0 T, I, I, W, VOEX)
—(&¥Ko L, I, W, IV, VOEZX)

(3); (GBI IED IO T, 1T, W, IV, VOEX)—(&¥MHO L, I, I, v, VOERX)

()3 (==Y MOHREER LS BFEO T, 1T, W, IV, VOEX)—(K¥ ¥ o I, I, 1, v,
VOEZ)

LA L YA 2 ARRCHE LT, 2494 2 VBREHE Lcd DX 1 1 2 AR OFM T 58

ERFalizmlic, il No. 1R T2 142007 HHCHHE Lcd DX ZDLEFOET

5%

Remarks) Value of (1), (2), (3), (4) shown in column is as follows ;

(1); (Length of measured line I, II, T, IV, V shown in Fig. 10 after wates impregnation)-
(Length of T, IL, T, IV, V under dry condition)

(2); (Length of I, II, T, IV, V after 5 days of periods of drying when cover of 1.5 cm
length from top and bottom face or both edge side was taken off) —(Length of I, IT, TI, IV,
V under dry condition)

(3); (Length of T, I, NI, IV, V on the day when delamination developed) — (Length of I,
I, N, IV, V under dry condition)

(4); (Length of I, II, 1L, IV, V after 5 days of periods of drying when inner lamination was
dried) - (Length of I, I, T, IV, V under dry condition)

Each value was measured at first cycle and value (3) of dimensional change of specimen
which delamination developed at second cycle shows value measured on the same day of period
of drying at first cycle, but value (3) of No. 1 specimen which delamination developed after 7
days of pericds of drying at second cycle shows value measured on 7 days of periods of drying

at second cycle.
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Dimensional change of accelerated specimen.

Table 6—B.
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The Study on Laminated Wood (X).

On the tendency of development of the delamination in the
laminated wood composed of hardwood (Japanese white oak)
and softwood (Japanese EZO spruce)

by the accelerated test.

Junsuke Mukupar and Kazumi Moriva
(Résumé)

Test 1 in this investigation was carried out for the purpose of observing the delamination
developed in 3-ply laminated wood, composed of two species (Japanese white oak was used for
outer laminations and Japanese EZO spruce was used for an inner lamination)and glued with phenol-
resorcinol resin adehesive, by accelerated delamination test, and furthermore, Test 2 was carried
out for investigation of the outline of the relation between inner stress and delamination.

TEST 1

A. Test method.

Two accelerated delamination test specimens, two bending modulus and swelling length test
specimens were cut from the laminated beam shown in Fig. 1.

Both specimens are shown in Fig. 2 and Fig. 3.

Water-impregnating and drying of accelerated delamination test were carried out in accord-
ance with ASTM D1101-53, but accelerated test specimens were covered with rubber band on
both end faces during drying, and the condition of covering was changed in accordance with the
schedule shown in Table 2.

The delamination test specimen of ASTM D 1101-53 is not covered on the surface and is

mostly dried rather from end faces than from other faces. Such a condition of drying is different
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from conditions obtaining in actual practice in which long laminated wood is mostly dried from
top and bottom faces and edge faces under exterior use.

For this reason, it is desirable that the whole area of the end faces of specimen be covered,
but as the condition of drying specified in ASTM D 1101-53 was severe because’of low humidity,
after more than 3 days from the start of drying, the weight of the specimen covered on the
whole area of end faces had scarcely decreased at all by drying. Therefore the method in which
the cover is gradually taken off after 2 days from start of drying was adopted in this test.

The cover was taken off gradually from top and bottom side so that the development of no-
rmal stress perpendicular to glue line was accelerated by drying from top and bottom faces.

The cycle consisting of impregnating and drying was repeated twice. The amount of delami-
nation was measured on edge faces at the end of second cycle by the method shown in Fig. 4.

As the indicator of lamination characteristic, bending modulus was measured in drying co-
ndition (Moisture content 12 %) and swelling length from moisture content 12 % to water im-
pregnated condition was measured.

B. Results

The amount of delamination, bending modulus and swelling length of each lamination are
shown in Table 1. /

The delamination appeared along the glue line on outside of inner lamination at edge surface
at first, and this delamination was developing towards the inside of specimen along glue line (re-
ference Fig. 11).

The delamination developed by this test was not the delamination which developed in the glue
line or on the gluing surface; it was the wood-failure in EZO spruce lamination, the thin fiber
layer of EZO spruce along the glue line adhered to the gluing surface of white oak.

The following test was carried out to investigate the relation between the delamination and
the inner stress set up in laminated wood during drying.

TEST 2

A. Test method.

Four accelerated delamination test specimens, two bending modulus and swelling length test
specimens, were cut from a laminated beam shown in Fig. 7.

Both specimens are shown in Fig. 8, 9.

The accelerated test was carried out in accordance with ASTM D 1101-53. Four types of
specimens covered with rubber band on faces and removing condition of cover are shown in
Table 4.

The cycle, consisting of impregnating and drying, was repeated twice.

In each cycle, number of days from start of drying to development of delamination on edge
face of specimens were counted.

The amount of delamination was measured at the end of each cycle by the same method as in
TEST 1.

Dimensional change was measured on the line shown in Fig. 10.

Bending modulus and swelling length were measured by the same method as in TEST 1.

B. Results.
Results are shown in Table 5 and Table 6.

Dietz, GrinsreLpEr and Reissner reported that, in the case of 2-ply laminated wood, the

maximum shear stress resulted from difference of shrinking and swelling between two lamina-
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tions, and the maximum normal stress perpendicular to glue line set up by moisture content
gradient that results from drying of top and bottom faces are shown by the formula (1), (2).

On the other hand, KosaTake and Inoue reported that, in the case of 3-ply composed of
rigid material and low elastic material, the stress in the low elastic inner lamination resulted from
difference of shrinking between the two materials is shown by the formula (3), (4), (5). The
shear stress r,, and the normal stress o, perpendicular to glue line are concentrated on glue line
at edge of specimen, and in the case of restraining swell of inner lamination, normal stress per-
pendicular to glue line tensile (reference Fig. 12, 13).

Although these results are introduced in the case of gluing between the rigid material and low
elastic material, such as metal and plastics, it seems that the tendency of development of inner
stress shown in these results is similar to one of inner stress that is set up in the case of gluing
between hardwood having high elastic medulus and soft wocd having low elastic modulus.

Concentration of shear and tensile stress set up on glue line at the edge shows probability of
the delamination developing along the glue line at the edge face.

As substitution for Edat shown in formula (3), (4), (5), E4l shown in Table 5 was used
as indicator in this test.

Value of E;4l is shown in Table 5.

The relation between the value of Esdl and the tendency of development of delamination
was as follows :

(1) In the case of No. 2 specimen which is composed of oak edge grain-spruce flat grain-
oak edge grain and its E 4! is minus, the ¢, shown in formula (4) was tensile stress on glue
line at the edge, and period of drying from start of drying to development of delamination was
1-2 days.

The more the amount of delamination was, the more the value of E;d4! became.

(2) In the case of No. 2 specimen which is composed of oak flat grain-spruce flat grain-
oak flat grain and its E.4! is plus, the o, shown by formula (4) was compressive stress, and
period of drying required to delaminate was 4-5 days; the relation between value of E 4/ and
amount of delamination was not recogized distinctly.

(3) In the case of specimen in vhich edge grain spruce was used, the relation was not
recognized distinctly because of the meager amount of delamination.

Keeping the results of these Dierz’s and KoBATAKE’S reports in mind, in the case of TT
and RT specimen, which used inner lamination of spruce flat grain, and a comparatively distinct
tendency of development of delamination was recognized, the following results are intreduced :

(1) In the case of No. 4 cover treatment specimen which dried only inner lamination, in
spite of increasing of shear stress on glue line, the delamination was not recognized everywhere
in all specimens but the checks at width-wise center part of EZO spruce was recognized and
collapse compressed thicknesswise was recognized at the part near glue line on edge face.

Therefore, it seems that delamination was not dependent upon the shear stress set up by the
difference of shrinkage and swell between outer and inner lamination.

Then, taking into ccnsideraticn the normal stress perpendicular to glue line at the edge of
inner lamination, the tendency of development of delamination can be explained as follows :

(2) In the case of No. 1 treatment specimen of RT specimens which combination of grain

was oak edge grain-spruce flat grain-oak edge grain and E 4/ was minus, the normal stress

perpendicular to glue line at edge as shown by formula (4) was tensile stress after impregnation
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of water, and the value of tensile stress was almost constant during 5 days drying for the reason
that after drying of 5 days the dimension of IL, 1lI, IV was almost constant as shown in Table
6.

On the other hand, the tensile stress set up by drying from top and bottom face as shown
by formula (2), became maximum after drying of 5 days according to Fig. 15 showing the
results of the test carried out on relation between the period of drying and the depth of width-
wise curvature of oak lamination resulting from drying from one face (reference Fig. 14, 15 and
Table 7).

The time maximum tensile stress was set up, concurred with the time when delamination
developed.

In the case of No. 1 treatment specimen of TT specimens which combination of grain was
oak, flat grain-spruce, flat grain-oak, flat grain and E.4! was plus, the normal stress perpend-
icular to glue line at the edge as shown by formula (4) was compressive after water impregnation,
and the compressive stress decreased slightly after drying of 5 days because after drying of 5
days the length of I, IV shrank slightly more than the length of T as shown in Table 6.

In the case of TTD3 specimen, the total normal stress perpendicular to glue line was com-
pressive stress mentioned above plus tensile stress set up by drying from top and bottom face.
Therefore it seems that the delamination developed after drying of 5 days when maximum tensile
stress was set up by drying from top and bottom face.

In the case of TTBI specimen which delamination developed after drying of 7 days when
all covers on outer lamination were taken off, the length of II and IV shrank more than the
length of 1L after drying of 7 days. Therefore normal stress shown b§ formula (4) was tensile
stress after 7 days drying.

It seems that delamination developed after drying of 7 days, because the nomal stress after
drying of 7 days was the tensile stress mentioned above plus tensile stress set up by drying from
top and bottom face.

(3) We will consider now the relation between the tendency of development of the delami-
nation of No. 1 specimen and one of No. 4 specimen in which the cover treatment of the outer
lamination after 6 days of drying was the same as treatment of No. 1 specimen.

It seems that the relation was as follows :

In the case of No. 4 specimen, the length of TI shrank much more than the length of
II, Iv after 5 days drying, because of drying of the inner lamination, therefore the normal stress
perpendicular to glue line at the edge as shown by fromula (4) became higher compressive stress
after 5 days drying.

In spite of the tensile stress set up by drying from top and bottom face in No. 4 specimen
being almost the same as in No, 1 specimen, the delamination did not develop because normal
stress shown by formula (4) was higher compressive stress as mentioned above.

Gluing face side of oak lamination of No. 4 specimen might be dried somewhat by drying
of the inner lamination, but decrease of the length of II, IV after drying of the inner lamination
was slight, therefore it seems that the tensile stress set up by drying from top and bottom face
was almost the same as in the case of No. 1 specimen.

(4) Now let us consider the tendency of development of delamination of No. 2 specimen
in which the combination of grain was oak, edge grain-spruce, flat grain-oak, edge grain. The

normal stress shown by formula (4) was the tensile stress perpendicular to glue line at the edge
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after water impregnation.

This tensile stress decreased after drying of 2 days for the reason that the length of TI sh-
rank more than the length of II and 1V.

On the other hand, the tensile stress perpendicular to glue line at the edge was set up by
drying from both faces.

The relation between such a tensile stress and the periods of drying is given in Fig. 17 sh-
owing the results of the test carried out on the relation between the recovered strain of the slice
cut off from the stock specimen and the periods of drying.

The tensile stress set up by drying from side face became maximum after 2 days drying,
and it set up in the specimen composed of edge grain; outer lamination higher than the tensile stress
set up in the specimen composed of flat grain outer lamination. Assuming that the surface check
on top or bottom face of any flat grain oak outer lamination arises under this drying condition,
it seems that this tensile stress set up in specimen composed of edge grain outer lamination attai-
ned so high a degree as to cause the delamination resulting from the failure of EZO spruce to
develop,

Apparently the delamination that developed after drying of 1~2 days was almost depen-
dent upon total tensile stress which these two tensile stresses added, because the amount of
delamination of No. 2 specimen and No. 3 specimen was almost the same, and the tensile stress
resulting from drying of top and bottom face was low during drying of 1~2 days according to
Fig. 15.

The tendency of development of delamination is shown in Fig. 18 A,

(5) In the case of No. 2 specimen in which the combination of grain was oak, flat grain-
spruce, flat grain-oak, flat grain, the normal stress shown by formula (4) was compressive stress
perpendicular to glue line at the edge after water impregnation.

The compressive stress decreased after drying of 4~5 days, because the length of II and IV
shrank more than the length of IIL.

The tensile stress perpendicular to glue line at the edge set up by drying from both side faces
decreased after drying of 4~5 days, according to the results shown in Fig, 17.

On the other hand Fig. 15 shows the tensile stress set up by drying from top and botton
face became maximum and was high after 5 days drying.

It seems that the delamination developed after drying of 4~5 days was dependent upon total
tensile stress which these three stress mentioned above added, especially the tensile stress set up
by drying from top and dottom face, because in the case of TTD 3 the amount of delamination
of No. 1 specimen was about 3/4 of delamination of No. 2 specimen.

The tendency of development of delamination is shown in Fig. 18 B.

In the case of RR and TR specimen using the inner lamination of spruce edge grain, the
tendency of development of the delamination was not recognized distinctly because of the insigni-
ficant amount of delamination, but the description mentioned above will apply.

These findings are the results of the investigation on the delamination of laminated wood
composed of oak outer lamination and Spruce inner lamination, and of course do not necessarily
apply to tendency of delamination of laminated wood composed of species different from species
used in this test.

Test condition of No. 2 treatment specimens is similar to the condition of practical exterior

use, but is somewhat different in that the accelerated test method was used, and especially
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because of removing of cover cn end faces. Therefore, the relation between the results of this
test and those derived from practical use must be investigated.

It is necessary to emphasize that such an investigation on the delamination of laminated
wocd contains many problems which are not yet fully solved, such as mechanism of failure and
analysis of inner stress set up by drying and wetting etc., therefore investigation must be carried

out also in these respects.





