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—114— HEARBMRERE H1765
y Y
!—*}GLUE UNE EDGE GRAIN OAK R
FLAT GRAIN SPRUCE i GLUE LINE
i ) X EDGE GRAIN OAK M
—x— g L
mm
‘mmy 020
ijw ’
o é \/
gmo
L Y
a -§ 3
To 20 18.0 2.0 33.0mn San
—_— X 4.‘ G:J )
Y250 BEEHE  Distance from the Y- axis ™ £
Fig.6-A f/kiho =Y < v H OEEE EICkIT 5 s
Y BRI~ OZERLE u &
Displacement % on the glued boundary of spruce
inner lamination after water-impregnating.
0 Y 90w
—_—
mm 3z XPamoo 25 &
19 —’ﬁ" Distance from the X-oxis
Fig.6-C faktco =V =y
. EIZE T D YElhm DL R u
—x— Displacement # on the edge
ot boundary of spruce inner
- lamination after water-impreg-
2 05 nating.
L
. 8
0 20 18.0 33.0mm
— X
Y ## 50 BEEE Distance from the Y-axis
Fig.6-B fakko =Y < v M OEEE LRI
X HEDOERER v
Displacement v on the glued boundary of spruce
inner laminating.
EDGE GRAIN DAK
N Uawe ung  FLAT G:RA!N SPRUCE

EDGE GRAIN 0AK

o 1w

—X m
o0 8
w3
=t
. gon
s
=g
a
a
0
0 20 18.0 210 33.0 mm

—_—X
Y#sp@ FERE Distance from the Y-axis

Fig.7-A I X7 M OEREHE=Y <Y HOERT LICET
5 Y BEANDER R u
Displacement # on the glued boundary of spruce inner lami-
nation at the time when oak outer laminations were dried
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Stress ox in the spruce inner lamination after water-impregnating.
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Shear stress rxy in the spruce inner lamination after water-impregnating.
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Stress ox in the spruce inner lamination at the time when oak
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The stress in plastic plate glued between
two oak laminations.
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LT oak &ﬁt;@ l/,
LTWw3,

T I ARF v ZIRBDIENRRER M ERRIT X bk, Fig.12 0ok S hfERE %2R

HETRESMEAR, REMICHNE CHE DS WVIHREO EbD GETHLbNEPE,LE VS A

}:%60

FERICEWCTIIIHET rxr= 0 &£\ 5 ER&MH% Ah, Mesh point # KNS5 L & o fefodIT R

BB IR N CHbW RN D5 L1Xv X, RKOX IR EBNFERTRER L 3E LD

60
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WHEOHEDHEEITIT, MECEEIN TV 5cd, TLBEHEOMETIE, T7AF » F/REEELT
WhHe, REROD Fig.5-A, 6-A, 7T-AICRINTVEERM ¢« O X 5 REHEOHRE RS, ATE
DBEAIITLICER, BEOHE DB TNIGEVIREETH 5700, WEICRESIMICNSE Tk e &
b,

ZNIR LT, AM—AMERCE T, EREOX 5 IEBED u HSREME TR L ik 57, iii)
DX D THEREIKRE LS LFE, BISHIIHEOE < TREMHER I LV DO TIPS 5 b,

IOV T, AT X QBT 5. ik Fig. 12 REVWTEEED ox 2E CEVS RGN
B LB LTV B8, ox=0 Lk DD TIRENSS b

NG e HEErxy, or DIEDIEEL LTox & o TWBH X SHIT, mxv, ov & ox BHHIBERCH S &
Exbhb,

KEROPALCOWVTHSLE, oy iZox OREILFEXT, iil) ORENRDIKREL, =Y~ YHEK
BFBHoriid o EFMVIERIGNTRDLFE 2 BN 5.

ERFER L O ZOREIE, —DITid I X+ FHOMEREORE, EHC X 2HECFERT5EEXD
N33, 39—2li3EI XF IMOEBRMECK T EEVIERIEN ox KX T, I X+ FHOEER
MR F T DMESRERRIL, ThitHET 5 =V <Y O S ER I THEERICS T 28 u
3, 1il) O PAIIME T =Y <~ YT LT RRcik e - T, 1) OFEE b 5 ERHDX 5%
HMmERIEVWI ERCDFERT 5L Bbh 5,

DX, ox & ov LOBMRITIIERED £ 5TIIARL, LA, ox BBETHBH, H5VIE
HETHHEPIL > TRERERNLREON D, vxy X ox L IZIELHIBERICH A S5 LEHIETN S,

4. ABRISH ERBHRERBRBER & OBRICOVTOEE

EHEDLIT, SECAERCRT DR & FRLHEROMT oW THIHRERBR Z1TL > T, TOHR
ZH|ES L.

T DHIEE IR S ER ORIBERS TR & ANER TR L22SJTIRAE L DBIRICOWTEBELTH L 5,

T DHERE AR D HpEIE, ASTM 1101—53 ICHERL L 72 HEEIC & BKDIFEA—BER DY 1 7 LT B
LR Td 5%, HHFRTH ) iC Table 1 X 5 ATk - T, RAKRED L OHIHEEE < TH
HlTD L& o THREIS T ORELZZL ST -

ZORBD S5 bARERDGE L RO I X+ FHH—=V ~YHRE— I X+ SHREDD DL, 3
RFFHEH—=Y =Y RE— I X7 ZHEH D O OHEEOKR 2 R8T, Table 22 O X 5TH 5.

oL, TTTWSHEME, EERPPEERTCRT HIEIC X 2HHTIIRL, =V =Yg
B LA OMRIC X 2HBETH - T, O IE (=Y < Y iIREZNEME LIZBER,
% DR AWEIC R DEERNEORMEGHMORER) TEVTHREL, LEVIEAFCHED > TEF
THLBRDLN,

z® Table 2 kT, No.4 RIEHKF, THbLEKCLABI AFSHeBBELT=Y <Y#H0
LERERIELRA TR SAE UL T, Nol RAETHbbik#E=Y <~y Me®mBELTI X+
SMEERIEE 2T, HRKCHEZEC TV, FERICESVWTE, =V < YHMOLeEg s
EBHALCOVT, = ST HORRUESTESFROENEZ AT 570D, [SHITIETE b o7,
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Table 1. & & hF © & % £ #
Drying condition of accelerated delamination test specimen.
AR A oo FE S No. of cover treatment of specimen
Period of
drying(day) No. 1 No. 2 No. 3 No. 4
ARBICHIEOL | AODOAHEZHEL,| AOFIVCLTHED | =V <vDa7 —#f
WAL, LTH | ETH AERHE | £E2%EL, Al | oknks I CHED
bi*&ﬁﬁfo ‘&fo biﬁ@“&f EPQ%%B% 0.5cm @
Whole area of end | Whole area of end | Whole area of end | Z#E &3,
and side face of | face was covered, | and top and bottom | Center parts of 0.5
1 specimen was cov- | top and bottom | face was covered, | cm length at spr-
ered, and top and | face and edge face | edge face was not | uce core was not
bottom face was | was not covered covered. covered.
not covered.
g Side
end
2 Lz Do. LT Do. LR L Do. Eiz@EUT Do.
AOFICHETE | ROETETELY | KAKXCLTEHT | =27 —FROKROH
THEX D0.5cm#7E | 0.5cm #WHE L 5, | f¥HE X V0. 5cmif | ¥ X OYIE T 1.0cm
L5, Cover of 0.5cm le- | B+ 5, WAERZLS,
Cover of 0.5cm le- [ ngth from top and | Cover of 0.5cm le- | Cover of 1.0cm le-
ngth from top and | bottom side was ta- | ngth from edge | ngth at center of
3 bottom side was | ken off. side at end and top | core was taken off.
taken off. and bottom face
was taken off.
03¢m < 7
S t&’ 1
&\‘I/
ANNNE NN
ETHEXYL.0cm# | ETFEE D L.Ocm#k | IR L D 1.0cm#k | 27 —hROAKAS
BhLbo BHrL b, BrLb, X O T1. Sem #
Cover of 1.0cm le- | Cover of 1.0cm le- | Cover of 1.0cm le- | @& & %,
ngth from top and | ngth from top and | ngth from edge | Cover of 1.5cm le-
bottom side was | bottom side was | side was taken off. | ngth at center of
4

taken off.

cm

10 Fd

takzn off.

4

core was taken off.
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ke H R OB o 4 F S No. of cover treatment of specimen
Period of
drying(day) No. 1 No. 2 No. 3 No. 4
L TE L DL.5Scm#f | EFELDL.Scm#k | REEL 0 1.5cm#f | =2 7 —HhRokRok
ﬁ o m"&:‘; 60 ﬁ&a 69 IU‘{E“E’C‘Z.OCH\H
Cover of 1.5cm le- | Cover of 1.5cm le- | Cover of 1.5cm le- | & & %,
ngth from top and | ngth from top and | ngth from edge | Cover of core was
bottom side was | bottom side was | side was taken off. | taken off.
5 taken off. taken off.
cm 7 /‘ S
15 . ~
N S
C NS
LFTHEOWKEE L B,
Cover over top and
bottom face was
taken off.
6 L+ T Do. Fiz[F T Do. EtizF T Do.
LTFEX D2.0cm | ETF@EE D2 0cmig Mwﬁlbzmm% AAF X ORIETE
Brrb, BrlLb, & 'FEJ: 9 0.5cm 7
Cover of 2.0cm le- | Cover of 2.0cm le- Cover of 2.0cm le- 25,
ngth from top and | ngth from top and | ngth from edge Cover of 0.5cm le-
bottom side was | bottom side was | side was taken off. | ngth from top and
7 taken off. taken off. bottom side was
taken off.
cm ’
= & | B2 | &2
i -
BSH
ETHEX D 1.0cmk
Bz
Cover of 1.0cm le-
ngth from top and
g bottom side was
taken off.
1oam £ g
s
ETHEX b 1.5cmif
AxL 5,
Cover of 1.5cm le-
ngth from top and
9 ; bottom side was

|

taken off.

4L
15Cm —

1 : nEgE No.1l, No.2, No.3 ORKE CTIRELH A 7 AMIZE6ETKRTL, B2H 1 /7 LI3ET
HTERT. B4 1 7 VORTRICHBAHEIE L, LIBEHE No.4 OHFTIIELIS 1274, 2
FAI7LEDRPIBTHKRTL, FORHEAEIE LK.

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

at Ist cycle and ended on 7th day at 2nd cycle.
No. 4 was ended on 9th day at Ist and 2nd cycle.
Drying condition was based on ASTM D 1101—53.

cycle.

Drying of specimens of treatment number
Delamination was measured at end of each



Table 2.  # # ® B &
The results of accelerated delamination test.
No. 1 & ¥ K K? No. 2 . z 3 K? No. 3 4 ¥ # H?
Treatment No. 1 specimen Treatment No. 2 specimen Treatment No. 3 specimen
X H Dt G2l 1 cycle 2 cycle 1 cycle 2 cycle 1 cycle 2 cycle
HARS lewy %%ETO%ﬁEﬁﬁﬁifoﬂﬁﬁﬁﬂﬁifoﬁEﬁiﬁ%if@%ﬁﬁﬁﬂ%if@%ﬁﬁiﬁ%if@ﬁﬁﬁi
B7t5 B O LA J2E LiZ 3=k B B3 B BB Bi A%
Marks | Combi- | Specific P%no_d of | Amount Pgrlqd of | Amount P?irlo_d of | Amount| P?ino.d of | Amount Pgrlqd of | Amount| Pgrlqd of | Amount
. rying rying rying rying rying rying
of nation gravity | required of required of required of required of required of required of
specimen of to  |delami- to  |delami- to  |delami- to  |delami- to  (delami- to  |delami-
grain C}f;?ix;}l nation I?:tlﬁ)rgl nation (rig?if)nri nation i??i?ri nation (3121?;:)11; nation i‘;lgglri nation
(days) | (mm?)| (days) |(mm?)| (days) | (mm?)| (days) | (mm?)| (days) | (mm?)| (days) | (mm?)
NT 0. 52
TTA 1 ET 0.43 0 0 5 60 190 0 0
NT 0.51
NT 0. 64
TTB 1 ET 0. 45 0 7 40 0 5 70 0 0
- NT 0. 64
NT 0.73
8| TTC 1| ET 0.43 0 7 30 3 450 750 0 0
5] NT 0.73
@ NR 0.67
RTA 1 ET 0. 45 5 175 215 2 1090 1540 2 865 1260
NR 0. 67
NR 0.76
RTB 1 ET 0. 45 5 45 70 1 1165 1420 1 1125 1175
NR 0.77 '
NT 0. 50
TTA 2 ET 0. 45 0 0 0 5 80 0 0
NT 0.48 -
= NT 0.59
TTB 2 ET 0. 45 0 0 S 75 380 0 0
a NT 0.59
S NT 0.63
n TTC 2 ET 0. 45 [¢] 0 0 S 60 0 0
NT 0. 63 .
NT 0.67
TTD 2 ET 0. 44 0 0 5 25 85 0 0
NT 0. 67

) WITHE CURMOd R HEY YR B

(M

— 83T —



Table 2. (>3%) (Continued)
No. 1 4 # ® KF? No. 2 M ® = #/? No. 3 4 ® 3 HK?
Treatment No. 1 specimen Treatment No. 2 specimen Treatment No. 2 specimen
A H o E 1 cycle 2 cycle 1 cycle 2 cycle 1 cycle 2 cycle
o y ) i e N . X =
AR AR ik colgl M B@Escod M BEEECog B RYEECoH # BRI TOH M RHMECOR B B
G R A PR e B Eob R & A & A
Marks | Combi-| Specific P((eirlogi of | Amount, Pgrlqd of | Amount Pznqd of | Amount| Pzrlo.d of | Amount P%no.d of | Amount P((airlog of | Amount
. rying rying rying rying rying rying
of nation gravity | required of required of required of required of required of required of
specimen of to ~ |delami- to  |delami- to  |delami- to  |delami- to | delami- to  |delami-
grain g:lggll nation gglt?gllll nation ﬁgﬁf&l nation ?1:1:?(1;?11 nation gglt?f)?ll nation gzlt?gﬁl nation
(days) | (mm?)| (days) | (mm?)| (days) | (mm?)| (days) | (mm2)| (days) | (mm?2)| (days) | (mms?)
NT 0.70
TTE 2 ET 0. 45 0 0 S 75 195 0 0
NT 0.70
NT 0.76
TTF 2 ET 0. 45 0 0 0 5 90 0 0
— NT 0.77
- NR 0.49
8 RTA 2 ET 0. 44 0 0 0 0 3 70 90
‘5 NR 0.52
n NR 0. 67
RTB 2 ET 0. 45 0 0 0 0 0 0
NR 0. 67
NR 0.74
RTC 2 ET 0. 45 5 85 90 1 750 950 1 1125 1150
NR 0.72
NT 0.59
TTA 3 ET 0. 35 0 0 4 120 350 0 0
NT 0.59 '
NT 0. 60
TTB 3 ET 0.35 0 0 4 10 180 0 0
NT 0.63
NT 0. 68
TTC 3 ET 0.35 0 0 4 140 560 0 [¢]
NT 0. 68
= NT 0.76
= TTD 3 ET 0. 36 6] 5 560 4 140 875 0 [¢]
NT 0.74 '

— ¥ —
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Table 2. (->3%) (Continued)

No.

Treatment No. 1 specimen

No. 1 o # 3 H?

Treatment No. 2 specimen

BOR

H‘z)

Treatment No. 3 specimen
K H D 1 cycle 2 cycle 2 cycle
MARES [Hewy K TR M ERMEE TOR B B K HEtE cold Bt 2
: : LR 1k K 17 ez
Marks | Combi- Period of | Amount| Period of | Amount Period of | Amount
. drying drying drying
of nation required required of required of
specimen of to delami- to delami- to delami-
. delami- delami- . delami- .
grain nation nation | ation nation | mation
(days) (days) | (mm?) (days) | (mm?)
NT 0.63
TRA 2| ER 0.39 0 0
. NT 0.63
= NT 0. 68
o | TRB 2| ER 0.39 0 0
5] NT 0. 68
n NT 0.71
TRC 2| ER 0.38 0 0
NT 0.71

No. 4 sz CHBE L 72 b DIXIL D7,

2) Reference Table 1.

3) The period of drying from start of drying to development of delamination in each cycle.

Delamination of treatment No. 4 specimen was not recognized.
Remarks 1) NT ; Oak, flat grain, ET ; Spruce, flat grain, NR ; Oak edge grain, ER ; Spruce, edge grain.

— 921 —

S MM S

£ 9,15
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L Ladd, 1) OBEOREIRES,D, No d MERAK OEITRESHEINS 5L, ki) ofs
A No. 1 EAF OIS TTIRFBICAEY THLEEXTEIWES S,

No. 1 R FTlE, i) OPEDOEHREBEMIELTHSDE, o WREICI VT SIZEFHVZEESSN
EZRLTWERVWDT, WMECECTHWSIREHEMISH PR AEEELLLEIONS,

No.4 MIBKATIX 1) OBFCESILX Sk, BECETIRESN or DEBSHORT, Z0
FEREIS i3 =Y = v S ORISR I T 5 B3 U T DEECHEE L SRRk A b e E 2
b, =V~ YMOBER L & OBIMIS NOREEZHERIT 51, HAOWIRICRISI X+ 7 #
D= = Y HOFBARERICIS T =Y = VAl § 572, WMEMICREHMIEHIR4E TR EE 2 bh
5°éamﬁﬁﬁﬁbwzfvvﬁ®¢%%tﬁwr,a%mﬂmxoﬁM®tbKEéﬁm®%h%$
CTRARERSh D,

DX S RISTPRABITIR D721, No 4 WA TIRLHMLZEL L » oD THS 5,

KEOBAEHT T, KRB K » CRECESEBCEELSHPRDN DT, DDk 5k
VRIENC R DBIMTIS I D 278 & F, BAEEICRELISH or %5, SERIEHNTH 30, EHIGHTHBHIC
X o CHEC RIS TR BT ) R5 5T B S DEE R DR, '

_ Table 2 iwXhi¥, NEMIc=Y <=YREHEZAVW=HEL, REZAVAEAORE T, REZHAV
TEECHEIER TS V. Thid=Y <Y KRB EZAVWHERE IR WT, Bt & B ORRBSREIC
X BAERER LELOIENTERRD HDTREDFELE LTt Bbh 5,

BAERERELAX 51, REBRTRD SNNEERIEOEAIT, 270 X LREOHMRSR LBRS
Fohbe LHLERD, WEOX SCARFETHRIGHERD DTS- T, bHEL IhD AR,

1 EHFECY T, vARI—ERPELT PR TWERNT &,

2. LROXIBERSELIIINT, BEEEROLBELRIE LT, HNEs5x kbl
B BELIIHER I, RESAREZIOSRINTATHNEISHE, ERROBELE»LEE
SNTHLNIEERBICE LV E 5D

D2ETHAI»EELBNG, LB LA OV T, R Keviwerta®?® OFf%EA5 5 25,

ZOME, ThESPRELMARE TH - T, SEBAIN TV A LRTFNERSEVWETHS 5.

5. 14 =

IRFSF—=V =Y —3IXF 5D IHMBBERMNCONT, FEEKBEIE DL &, RO
IEIHEREIC X o TET B NEIS JIRIEZ EHT Lce TORRDOI L, BLBFHHIRDOT L ThH o7,
1. HABHMICX -T, ABHMOBKESIHEh T3 X 5 WIREEDEE, TihbbRNBMOIEFmORS
1 ox BBERIGATH 5 & 5 LIS KOS A, EEBCEELE o EMECESER NI S,
ZhE AT, ARMOBERZIHIN TV 3 X 5 REDOBE, Tihbb, NEMDPO ox BEHEEH
DIFETIE, or BUETTIRICH L85,

2. HEBMHED ox BEMRSHORE, EEBICHT HRENNIEN rxy I HEISEE < cBbh,
Fatic ox 33 PR A OBAIIE, BN ICEDI S,

3. WREMHO ox BERBENOHE, NEHMOEERBCHT 5 ox ORERE, EERCHKT 535H
IS rxy OFEEER, TEHPIBRICD D LHBIXN D, ox & oy L DBIRIZFES S TRV,
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ZDX ST, EROEIRIKEE T X - TRBMICHE b 5 NEIG 1 DIRREIR, WEM DIEZE IFIXh
TVWBIREL, RAHCREESIHEIN TV 5IREL DK ELRERISBDON, HHMRERRIC L 28
RTd, TO2HDHFADOHTHD x SHERL LS THLRTWB I EBBEDLN 5,

X #k
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The Internal Stresses in Glued Wood Products. Report 1
Analysis of internal stresses in laminated wood resulting from difference of
swelling or shrinkage between laminations and relations between internal

stresses and results in accelerated delamination test.

Junsuke Mukupai

(Résumé)

This test was carried out on the analysis of the internal stress in the laminated wood,
glued wood to wood, resulting from difference between the swelling or shrinkage of inner
lamination and outer lamination, when the equilibrium moisture content was changed.

The specimens used in this test, were 3-ply laminated wood composed of two Japanese oak
outer laminations and a japanese spruce inner lamination.

Internal stresses in the spruce inner lamination of the laminated wood mentioned above
were analyzed under the following condition.

1) Internal stress in the flat grained spruce inner lamination stretched widthwise by the
flat grained oak outer lamination after water impregnation, because of more swelling of the
oak lamination.

) Internal stress in the flat grained spruce inner lamination restrained its swelling and
contracted widthwise by the influence of the edge grained oak lamination after water impreg-
nation, because of more swelling of spruce lamination.

1) Internal stress in the flat grained spruce inner lamination, which, after water impreg-
nation only the edge grained oak lamination was dried and the spruce lamination was covered
to prevent it from drying, the swelling of the spruce lamination was more restrained and more
contracted than in the case II) mentioned above.

Furthermore, the relation between these internal stresses and the results of an accelerated
delamination test carried out previously with the same specimens by the author was considered.

Test method

A) Method of analysis of internal stress.

For calculating the internal stress resulting from moisture changes by equations expressed
by displacement u, v, as in this method mentioned later, only the elastic displacement on the
boundary, excepting rheological, plastic deformation (such as the stress relaxation) and swelling
or shrinkage deformation under free condition, must be obtained as the boundary condition.

The elastic displacements on the boundary can be obtained by the slicing method, which
after cutting off thin slices from the specimen in X— and Y— direction the strain recovery
are measured.

Then, the internal stress can be calculated in the same manner by the equations obtained
by substituting zero for exm, eym in Egs. (1)~(8) mentioned later. But, in order to obtain the
elastic displacement on the boundary by the slicing method, the specimen needs some dimen-
sion, because of difficulty for measuring of strain recovery.

As the dimension of spruce inner lamination used in this test was small, thickness 1.8cm
and width 6.6cm, we were unable to apply the slicing method.

Therefore, the following method was applied for analysis of internal stress, in this test.
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In Fig. 1, when the X—, and Y— direction coincide with the flat grain — and edge grain —
direction of the Iamiﬁation, - : '

the disblaéement in X— direction; »

the displacement in Y— direction; « .

the swelling or shrinkage pércentage in X— direction and Y— direction; ex, a¥

the changes of moisture contents; m

the strain relating to the stress set up due to swelling or shrinkage in X— and Y— direction;

&x and &y.
Then,
g:}: =&x + asxml
.......................................................................................... (1)
ou _
3y =&y + avym J

when the flat grain direction and the edge grain direction coincide with X—, Y— direction,
the distortion of the angle between two directions due to swelling or shrinkage does not take

place.
Therefore, shearing strain yxy is
yx¥ = Z;’ +___g_i‘__. ................................ (2)
On the other hand,
ox = X ____ (¢x + prx €v)
(1—px¥ prx)
_ § 2 PPN (3)
Y = [ pxr prx) (é¥ + pxy Ex) J
x¥y=Gxv yx¥

Substituting &x, ¥, yxr obtained from Egs. (1) and (2) for these strains in Egs. (8)

= Ex (o0 _
7% (1—pxy prx) | ox “Xm-""n‘( “Ym)}

- % e} |
oy = (1'—M'XY MYX) 1 2y acym—l—y.xy( 3% acxm) B R (4)

_ ov ou
rar=Gar( 22 )

Differential equations of Equilibrium are

o0x oTXY __
ox + oy 0

ooy oTYX
3y T ox

Substituting ox, or, rx¥, of Egs. (4) for these stresses in Egs. (5), the following two

=0

formulas are obtained

Ex (%% %y % % \_
L T
Ey ( % 2% ‘ 9% 2% \_ J
(1—pxrprx) \ o9 px¥ 2yox >+GXY( dyox + 242 ) 0

The displacement #, v of each point in the lamination are obtained by finding the solution
of Egs.(6), which satisfies the boundary condition shown in the displacement #, v. Substituting
the displacement %, v, of each point obtained by the solution of Egs. (6) for these displacements

in Egs. (4), the stresses of each point are obtained.
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The displacement # and » on the glued boundary of the inner lamination at the time of
measuring, was taken as the boundary condition on the glued boundary.

The boundary conditions on edge boundary of inner lamination are

ox=10 L o | LR ()
because there is, no external force acting on the free edge.

The solution of Egs. () was obtained by the “Relaxation Method”.

The distance between the node was 3.0 mm in X— direction and Y— direction.

It was assumed that the elastic properties of Japanese spruce under the wetting condition
are as follows.

Ep: 2.2%X10% kg/cm?

Er: 4.2X10° ”

prr: 0.48

prr: 0.91

Grr=Grr: 0.12X103 kg/cm?

The boundary condition rx¥= 0 in Egs. (7) was given as follows: In Fig.1, AB, DC show
the edge surface and AD, BC show the glued surface. Mesh points 1, 0, 3 were taken on
the edge line. The displacements vy, vg at the point 9, 3 were given by measuring.

Then, '

rxy=0 at the point 1, therefore, finite-difference approximations are as follows :

Vg — Dg + g — Mg ==() ~+ersrreeermrrrenmternttea e ae ettt e et e et e (@)

___a;;y =0 at the point 0, therefore

4 (v1 + vs — 20) + (us — ug + u; — ug) == where ug=u; =0
4 (vl -+ vg — Zvo) -+ (us — us) == () eeeeneererecnneseareeiieiiiitttettettrtteetiianttaiettniosnaneteatn (b)
rxy= 0 at the point Q

oTXY — .
oy 0 at the point 3

4 (200 — 203) +2 (uz — u4) B BT T T T T Py P R (d)
From Egs. (a), (), (), (@)
9vy = vy + 8vg
} ..................................... e emeereteeteetteeeeettestesiettenernaeraatenaenearanes (8)
2v; = 8vy—6vs

The other boundary condition of edge, Egs. ox =0, was not used for determining the
boundary condition #, v of edge, because the finite-difference approximation contained fictitious
displacements #, v of fictitious points.

Therefore, the boundary condition # of the edge was given by measured displacement u.

The stress ¢y on the edge was obtained from Egs. cx=0.

For example, on the point 1 shown in Fig.2, from ¢x=0,

v5 — vg — exm + (.91 {(“9"“0) — a,ym}:() ......................................................... (a)’
on the other hand,
oy = 12.5X 108X {ug — uy — aym + 0.48 {(vs"'vs) — @XMMFT crreceernecerienteniiieiiiiens (b)’

The stress o on the point 0 was obtained from Egs. (a), (b) mentioned above.

On the other hand, the swelling or shrinkage percentage axm, eym of the same spruce
specimen under the free condition were measured.

B) Method of test
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1) The test specimen and method of measuring of displacement on the boundary, for
analysis of internal stress in the flat grained inner lamination stretched widthwise by the flat
grained oak outer lamination after water impregnation, because of more swelling of oak lami-
nation (reference to Fig. 3. A).

adhesive : resorcinol resin

outer lamination

Japanese oak
grain : flat
specific gravity : 0.73
Swelling percentage from air dry (M. C 12%) to water-impregnated : 8.0%
inner lamination
Japanese spruce
grain : flat
specific gravity : 0.36
Swelling percentage from air dry (M.C 12%) to water-impregnated : tangential : 4.3%
radial : 1.3%

Displacements #, v of the point marked on the boundary were measured with shadowgraph
attached 5/1000mm micrometer from air dry to water impregnated.

On the other hand, the swelling percentages of the same spruce specimen were measured
from air dry to water impregnetion under the free condition.

) The test specimen and method of measuring of displacement on the boundary, for
analysis of, internal stress in the flat grained inner lamination restrained the swelling and
contracted widthwise by the edge grained oak lamination after water impregnation, because of
more swelling of spruce lamination (reference to Fig.3. B).

adhesive : resorcinol resin .

Outer lamination

Japanese oak

grain : edge

specific gravity : 0. 66

Swelling percentage from air dry to water-impregnated : 2.7%
inner lamination

Japanese spruce

grain : flat

specific gravity : (.38

Swelling percentage from air dry to water impregnated
tangential : 4.7%

radial : 1.3%

The method of measuring of displacement #, v was the same as the one mentioned above.

II) The test specimen and the method of measuring of displacement on the boundary, for
analysis of internal stress in the flat grained inner lamination, which, after water impregnation
only the edge grained oak lamination was dried and the swelling of spruce lamination was
more restrained than in the case II) mentioned above (reference to Fig.3.B).

The spruce lamination and the parts of oak laminations from glued face to 1 mm thick-
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nesswise, of the same specimen used in the case II), were covered with v‘\/aterproof lacquer and
oak laminations were dried to moisture content 12%, so that the parts of spruce neighboring
the glued face were about M. C 80% (reference to Fig.4).

The measuring method of displacements was the same as the one mentioned above.

Results

Displacements #, v on the boundary are shown in Figs. 5~7. Distribution of the stresses
of the spruce lamination are shown in Figs. 8~10 (because of symmetry, stresses for only
one-quarter of the spruce lamination are shown).

In Figs. 8~10, Y shows the ratio of the distance y from the X—axis to the point to
half thickness H of spruce lamination. X shows the distance from the Y—axis to the point.

It is considered that, although the absolute magnitude of these stresses is of limited signifi-
cance for the reason mentioned above, the characteristic of the distribution of these stresses
are shown exactly in some respects. As might be expected, in the case 1), the stress ox
shows the maximum tensile stress at the widthwise center of the specimen which higher stress
may cause cracking of the spruce lamination.

In the cases 1), and II), the stress ocx shows the maximum compressive stress at the
widthwise center of the specimen. According to Figs. 8-B,9-B, 10-B, in the case 1), the stress
oy normal to glue line is relatively highly compressive at the free edge and changes tensile at
the distance of about 9mm from the free edge.

In the cases II) and I), the stress oy is tensile at the free edge and decreases steeply
and changes compressive at the distance of about 3mm from the free edge, then approachs
to zero.

In the case 1), shearing stress rx¥ reaches the maximum at the distance of about 6mm
from the free edge, and at the distance of about 3mm in the case 1II).

In the case II), shearing stress rx¥ attains the higher maximum, nearly at the free edge.

Although it is considered that the relations between the stress oy, rx¥ and the stress ox
are probably proportional, according to Figs.8, 9 and 10, the relation between the streess ox
and oy are not clearly recognized.

In the case 1), the normal stress oy shows a low value, compared with the high comp-
" ressive stress ox, presumably because of the following causes.

The cells of the spruce neighboring the glue line were crushed in Y—direction, because
of the buckling of cells of the oak neighboring glue live and glue layer in X—direction which
arose by the high tensile stress ox in the oak lamination consequent upon the high compressive
stress ¢x in the spruce lamination.

Therefore, the displacement « at the free edge shows a small value as shown in Fig. 7-A.

The relation between the internal stress in the inner lamination and the results of accele-
rated delamination test.

The author has carried out previously the accelerated delamination test with the same 3-
ply laminated wood as in this test, composed of two species of Japanese oak and one of Japanese
spruce. In the delamination test based on ASTM D1101—53, test specimens were dried under
condition that various faces of specimens were covered to prevent drying, as shown in Table 1,
after water impregnation.

The results of the above mentioned delamination test are shown in Table 29. All delami-
nation developed at the edge, and progressed towards the inside.
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Delamination tended to develop in No. 1 cover treatment specimen in which after water
impregnation only the oak outer laminations were dried and the spruce lamination was covered
and consequently swelling of the spruce lamination was restrained and the lamination contracted,
while one was not entirely developed in No.4 covor treatment specimen, as after water impreg-
nation only the spruce lamination was dried and oak laminations covered and consequently
the spruce lamination was stretched widthwise.

The state of distribution of the internal stress of No.1 cover treatment specimen can be
conjectured from the state of one of the case ) mentioned above.

And, although the internal stress in the spruce lamination of the specimen in which the
spruce was dried and was more stretched could not be analyzed due to the crack that developed
in it as drying progressed, the state of the internal stress of No.4 cover treatment specimen
can be conjectured from the state of one of the case 1).

According to Figs.8 and 10, it is considered that, in the No.4 cover treatment specimen,
as oak laminations bend at the edge in proportion to progression of drying, maximum shearing
stress is not set up near the therefore delamination does not develop.

Delamination of No.1 cover treatment specimen depended on the shear stress set up at the
edge.

Distinct difference between the amount of delamination developed in laminated wood com-
posed of flat grained spruce inner lamination and composed of edge grained spruce. inner
lamination, resulted from such stress concentration as clarified in this test, which was set up
by the difference between the shrinkage or swelling of late wood and that of early wood. In
fact the delaminations that developed in many laminated specimens composed of flat grained
spruce inner lamination came about by the failure of boundary between late wood and early
wood being near the glue line of the edge face.

Although the absolute magnitude of these stresses is of limited significance for the reason
mentioned in the Test method paragraph, the characteristic of the state of distribution of
inner stress explains precisely the development of delamination tendency in the accelerated

delamination test, as stated above.



