K o3 2B T 5 BF %
BRI BB O b 1T 2T

FooOoR = B®
HE Ui e

&

il

RHEOENRTZ Lk, BICTV, BT WEE LI BB RELRRO—DTHS Z &k, K
HMERHTTRTOAR, BRL, TOKRBIZOWTE, BrOEENLINTWBEN, ik, Bk
FENRE IR CBHRTE, HECoBSATEL T RLMBWCRHSEZRIATS 2 L3 kETh %,

R DENL, RERTEETH S B, SAROEFKMC L DV EKENLZEIL, IHEEEL IR LEE
T5ZET, FECESBECE SRl Rdokg oBEIRES <oy KT OBEN SO TEH, IHEHR
JREEIRVWE TN, B E P THD L, REEER L, fgriad L, 4
RoOBFEEOZCT S, UHEREY B/EEIC L X5 2 i Thh T b, BB ST BK5 D
TeHIC X AIEE, HER BT, ShRBEE S 5%, REROMEMRO L HIc X B1E 1%, iy
WEICTF2Th, BB LRET, REEELD Ll WS LRESE S 20T, $EIE-
T D EMOLE XA ERET, TO—FHr oD T, KF OB (1 X 55X 5kt
FHED T FEEt R 2l B2, COREXARTIAETHS.

ZD 1 WIBERDEMCOWNT

RERIT, O w2, —HROPEZIE T chb, —RTTWRIENTL ORI EHET L T i D,
I CIHIREDOELR, 2R, Tk
b RICRIIECEE L TH D
LT,

1. BRBRHEOKRK

K EEWERED 7 7%, SREN
KOEERBRETHA, Sem EE
oA Fig. 1 o Z L KD,
BT 5emfl, lem EXOF
Bk AT,

. B OIS Fig. 1 FEAAEARBRIARER

Specimen No. for the test of distortion.
Ms2BArEEE D 47k 21 3 61.2  mean diameter at right angle with each other. 53.5 cm.

% ot DTSN L Bt L mean diameter of false-heartwood. 32.3cm.
(1 o Iy B
(1) KHEHREHESDI EER @) RMEMERMETRE

)| 2o

A% false heartwood
MK  bark
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HRFr OV, FIEAER LT OO R S RllEE, EREIR LEROBRD2 L ool
Sl OHIRL, FEEEZHT 60°C T 24 ByfHF R L4, 100°C ciisz S Tl L,

. HRER

1. iR, EERmA R OIHREER

Fig. 1 iwxiF 288 K%F= 01, 02, 03, 05, 06, 07, 10, 20, 30, 40, 50, 60, 70, 80 o 14 {HD
ZHIERBRA A, B R b oTERR, MG H OPGEHE LR Table 1 #1870,

Table 1. YL # & 2. MG E B B EEICTHROIER
Shrinkage percentage. Fffge 0 In AR LT HRAOPHER o 1k
- - from géeen from green =1— . 2c0s2 &, )sin2o
to air dry | to oven dry * v (1= ai)icosto + (1~ a,)sin
5 OO (1)
radial shrinkage «, | 3.2% 5.8%
THFEbIN, ¥ tane=y 2T5%
tangential shrinkage a. 7.2% ' 11.39% -~
‘ ! @ =a, +-3{T%v ........ 2y
mean bulk specilic gravity 546 kg/m e,
=1 - = 2o iR 5,
mean moisture content at green 59.7% THRbSL (AR 4 B2 0T
mean meisture content at air dry 13.0% REAHEE 00 XL TRTORBRE R,
17 e s AR T HAOIRNER YR, Table 2
Lt
o K IO Fig. 2 #x 7,
dos Fig. 2 WR 2 Z L < ERRi & FIEME 213 X< —3
>
T sok ey o8 LTk, BEHAMGSZ LICE DT 5HEO
—
S B 17 EERE bR 5 BT LRSI
a L < Joo 1
D A : AP @xic Table 3 L0 Fig.2 022l yio L5
X gsor % s
o ottt Sy e 1iyz’ DEfE kD THIE, (2) REA, viIc
§ 3.0F . ) 0.3
£ he METE i (emen) BB, o BNZD
5
1.0 0.
N Z LI X D RO OIUER R IR BB,
107 200 30" 40 500 60 700 80 90"

Fdcat A 3. YfEEods

degrees from annual nings . oy g Y =
Fig. 2 Gifgr s pnogs  IEEOS U S R T EROY

The shrinkage of the direction which FIOIEER S, FHEN a1, as T35, (2) %
declines 6 degrees from' annual rings, and

the coefficient to calculate it. ]

Table 2. 4Efify & 8L % A% 7o 375 M OISR
The shrinkage of the direction which declines 6 degrees from annual

rings at air dry. (%)

| . i
O°OO’l4°02’18°26l26°34’k3°41’ﬂ5°00’56°19’63026’V1°34’F5°58’90°Oy
specimens 14 . 8 g | 7 16 7 8 8 1 14
measured 72| 6.9 7.0 60 571 54| 42| 3.9 3.5 3.3| 3.3

! | | ! .
calculated ’ 7.2 7.0 6.8 6.4/ 6.0 53| 45| 4.1 3.7 3.5| 3.3
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Table 3. 4L & 5 %k o34 R OIHFER L KD 5674
The coefficient to calculate the shrinkage of the direction which
declines 6 degrees from annual rings. (see Formula 2)

y | o.ooo‘ 0.176 0.364| 0.577 0.839 1.000 1.192} 1732 2.748 5.671) oo
. S ! - | E—
0 S 0% | 10° 207 30 407 45° 50° 60" | 700 | 80 907
! ‘ :
T+]—-f 1.00 | 0.97 0.88 0.75 0.59 0.50 0.41 0.25 0.12 0.03 0.00
¥ | [ i ‘ ;
a1=af+ﬂg;“? ag=a,+ - 2O VQJQOAPQZWQO
; s L 3 L
y .10-6511-1‘10-2‘10-1 9.61 9.6 8.6,
v _— e —_ ]
&7, T OFL 1&%L%QHLWLWLM94W2
artazg=a,+a; ..., (3) T !

10.3’11.3i10.(‘)i12.1\ 10.9110.11 9.9 9.1/
Ul h—EHL D, DX LEOIERO LR — — — —— —

10.910.211.5 11.411.210.011.0
T B, &RENC R B EICE % s+~ DU ’ |

S .
EOMOLLEL D TURTZ LMW TE, LOERMERL ‘
Fig. 3 © =k oot 10.010.6{10.611.0, 9.9

10.310.210.1 10.010.2\10.4 9.9,

Fiebb, THEIUGERN NS U nekinciss v Fig 8 WRROLL (ar+ar TRLI)

Irregularity of shrinkage

KERDBIRE BN DT, (a,+a) in disk.
4. FEEORNE
Fig. 1 ©Z & R aw, EHMOBIESFEY L L TR —
BRE S, WRETEATIIR A e F o LR X HB R TR b, IUREA 4°
* XIS BIFD, BOOT, JLCEAICHEFBUEYE My
U, Bk —E S b DB ECHHL TEMTS 2 Li2d o

HLHADZ &, HREVLBELKRE ML ENLT, BEREETIL 0
L, REFIASGECOELBEE RFUERb V0T, BB T
OFESTR, TIohbEENIORH Le T 570D, Wit B MET
WA E BT RET L TAR I,

Fig. 4 ®Z &<, MEOHL O h b a iR MC o, &
D M 5 ay B A SIS R AR BA H,  UGESEL &I
ROZELLTRDZBND,

AD (3HEHFT, BD, CD GHREHRTH D55,

AD=AD{l1-«,) B'D=BD(l1-e;) C'D=CD(1-a;)
Thh, ¥h—K

BD=ADtan6=ADXy Fig. 4
CD=AD tan (L —o ) —AD x_1_
2 y
Thb, @xIT

am_ B'D _ BD(1—e;) _ADy(l—a:) _ 1—a,
BAD= BD _ - @) _y 1
tanl AD  AD(l—a,) _ AD(—a,) 1=a,
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AD 1 (1-ap)
C'D  CD(-a;) y

tan/ CA D=5 " =AD(1-w,) = AD(-a,) =~ v 'l-—a

Lich,

LB’A’C’=tan‘1< v 1=a )—I-tan—l (;1 . 1_“‘)
l—e, y l1—a,

Ligdhb, EBA v X

=T __ —1( Jlmer ) —1< 1, 1-ec :
y 5 tan y R tan v ) ................ (4)

THEPHTILELNTED,
Kz 5cm BORBRA N, IEEECALIIETS 2 LR TH DT, Tk X O X FAia il

g 52 LA DFHERA BRD I,
3 =
2 T/, Fig. 5 @k\~T AABD » 5
< ¢
A cosy BAD=2"*tb*—p*
z < 2 ab
o
Fig. 5 ¥ 72, AABC 22
1 cos (m— / ABC) = — a2+ b?—a?
2 ab

% T, FOEEER L O TUEREOBERIB L. X

o L g
= 5.8
10;’ ':':)1 ‘g DTEM v TR X hRDI,
+ 50" —_—
._g % 3 "g z}?'-i-’bz—pz _az_,_bz:qz\_
| z 8 “ ST st 2 ab 2 ab
L TEe 7Tz 2
o .g L x 2
o = g T _ -1 Q*—Pp°
A g : 5 ~cos Aab e (5)
S
P T R N BEDZEL (4) K y BEALTRDR ¥ 2,
0,10‘20.56 4045’_0, 60° 70 0
’ (5) KeHEMLica, b, p, @ BLAL TRy &

degrees from anunal rings . i . N
Fig. 6 —UVElE N afme i ESFErE %RDDH L Table 4 XU Fig. 6 o &< b,
e X Y ELH Bl L 20 .
Relations amoung y (or 6), FBUE LML 72 L C—HLTB L5 B
i{%’-,and v. (see Formula 4. and 6.) ek, (4) R2EET S L

Table 4. —HVEfGE & A% ISTEFEIERC L Y ELH
The angle of distortion (y°) which the square at green

becomes diamond shaped at air dry.

|0 | 0250 033 | 0500 | 0.667 | 1.000
y o | 4.000 | 3.000 2.000 1.500
o |00 120 | 19028 | 30°00/ Y | 450007
| 90°00 | 75°31 70°32/ 60°00/ 48°11"
| | | i
specimens | 14 : 1 ) 8 8 7 ! 8
measured | 0°00/ ( 1°01/ 1°42/ | 1°43’ 27147 2°29
* calculated 0°00/ 1°07/ 1°2¢/ | 1°55 20137 2222
- ! - I
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7=3§-—tan-1 ( 1--9e % )y—tan—l( — T ) 1

l—ea, 1—a,
( 1 @c—ay >1+yz 1o @e—@r
1_' I — @y
=T tan-1 a _ Y2 —cot-1 l-« _. 1+y2
2 1—( e N szttw_/;_(“t—w» > y
l-ea, l—a, l-a,
1— ¥t "%
1—e, _ 2
'=.C0t_1__-2——- 1+y2=c0t—1 l 2 . 1+y__
@ —ar 2y @r—a, 2y
l—c,

=tan—1 Xe—ar 2y _
1—a; 1+}2

t e ST 2y
kA WV e
s
1 . 2Y
—a=1 Tiye <1 ar—a,<K1
THhbHHNb
at—a, .
1—a; 1+y2<
Ligh,
_ 5
=(ar—a,) - e Tga it (6)

Lieh, By & (ec—a) REEACHATS L 2D, Fig. 6 0T Tho, Thbb,
(6) RewiTs v & T_Zry_ DEEFR% Table 5 3 X8 Fig. 6 D Z e RD TR, FEA v kL
DR YT AT S LIc L DR B D ERTE B,

Table 5. FEMAZRT 5 HE

Coefficient to calculate the angle of distortion (see Formula 6. )

. 0.000 ' 0.176 ‘ 0.364 0.577 0.839 ’ 1.000
y o0 ‘ 5.671 | 2.748 1.732 1192
0 0° ‘ 10° 20° 30° ‘ 40° 45°
90° | 80° 700 60° 50°
I
. i ' t .
gy | radian i 0.000 | 0.342 = 0.642  0.866 0.985 | 1.000
1+y? | degree 0°00" ‘ 19936/ 36949 099377 | sezer | 57187
1 |

DFIC S5em B0 T FEMBPERI oL O TEE, BLHE D 0eWigEe (WHEOBE)
KERDOZ s (RETTOMRERL LT ai=7.2%, «,=3.3% %AV,
It DZERO—UDESX | it

.738 cm

z=5><< 10 07212Lo 033)

EE v L

1-0.072 ..
—90° — —-1 —9°9()
7=90° —2tan~1 e =2°20
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ChHBEPL, EARCEEFSZ itk h—LDES L ik
L=4.738—2x4.7385in2°20' =4.35 cm

Tichbb, #HIED Bk

4.352

B= 52

=75.7%

WS IERI N RTfE L T D,

202 WRCEBWEROEY[COWT
RERDBEREARACE S Z L3 X LHLR TV S, B LTZOMBED, ZDMEL DR
X, R D0ES, BEAMEC VT, RERE IR TWis 2D T, K YB5IEDH—
B LT Y 0% illsE, HEaBEdile T,
I. EBRHMOKER
(D 1) ORBHI B D H oL HV,  BOER e LT 2em RBCESH
&, 10cm M1, 1.5cm Btk b, FOMSIE v #E L THW .

. EBEogE
(D 1) OB &R & RML 20T, ZORBRSEHNTHD LRML, R ERERICK
c DOEIXY, BNEIRC CEENFECELLEFHUTIEL,
c::jzsh\ [RIRHZ AR D f I 3513 5 B D DR A RlsE L ko
L A B . HBROFER
an ¢ 1. R&EhoiER
6, r . . .
REROIHER A 1, ReEEkoms: Fig. 7 o2 & RO
D
0 E 0L o nouign 2y (5 Lickic
A=a,-+(w¢—ar)—tan—;—ly~ ............ 7
TERHLIND GEMitEfE# 4 8) O T, ERME LEHEMEOER
#3R Table 6 % % 72,
Fig. 7
Table 6. #DOMOIGHEER
The mean wide shrinkage percentage of board.
- . distance from | - o
specime the center of width of board mean wide shrinkage of board
P No ™ disk to the board at green at air dry
. a ' 2ay | (2ay)’ calculated 1 measured
(cm) | (cm) \ (cm) (%) (%)
2.15 1 51.00 | 49.20 \ 3.5 |‘ 3.5
16 3 51.70 ) 49.62 3.9 | 4.0
17 5 51.72 \ 49.53 ‘ 4.3 } 4.2
18 ' 7 51.14 48.81 i 4.7 4.6
19 i 9 50.31 ‘ 47.85 : 5.0 4.9
20 ’ 1 49.16 46.63 i 5.3 5.2
21 ¢ 13 47.51 \ 44.95 5.6 | 5.4
22 15 44.90 42.32 ‘ 5.9 ’ 5.8
23 17 41.90 39.30 | 6.1 6.2
24 19 38.31 i 35.86 ‘ 6.4 } 6.4
25 21 34.22 ' 32.00 ‘ 6.6 6.5
26 ! 23 29.12 27.19 ‘ 6.8 1 6.6
27 25 20.21 | 18.96 \ 7.0 ' 6.2
28 27 2.3 .82 7.2 | 6.7
total or mean 573.33 | 543.54 1 5.25 | 5.2




Kbt OFECBET B 0F%E  (GEIR - #EE) —127—

Table 6 1252 Z &<, WHHILROLNICRRR 2.27, 2.28 13, Fig. 3 © Z & (RN IHM T
MAECZ EERBALTHE LD T, FEAMEIFEME L D/ I VIR L R LI, £ Ofid X SERE
LEHEME L B LT

W2z (7) XKDy Dhvb vz, BhLh bR E TOMESEY EETEOIE 2z THRb T L

. z=— 2 y=""1-2
\/aﬂ+a3y2 z

&b, (7) R

1
A=a, +(¢m-—¢x1)~zcgs—fz :

1—22

Vo122

BT, FoMET (er—a,y) ZHET, o MBI LI D, EFEOMNBEOROIGER AR KD B
ZENTE D,

TELIN GBEIRREH4E), z kT n 25572 % Table 7 %1 0f Fig. 8 0L kKHT

Table 7. {ROIMOIHER AR 5 FRE
Coefficient to calculate the mean wide shrinkage of board. (see Formula 8.)

_distance from center of disk to board
radius of disk

O 0. 0.2 0.3 \ 0.4 i 0.5 ‘ 0.6 0.7 0.8 \‘ 0.9 ‘ 1.0
- 0 1 T
|

\ | | ! |
i 0. OOO 0. 148 0.280 0.398 (:).5061l 0.605 0.695 0.780 0.858

z

zcos~lz

v 1

0.967| 1.000

i, RHEE LIAREMOTE L IUERALR

TEHIN GEHRItREH 4 %), Table 6 DL & 09

B L ERAE L2 X —F Lt uet
2. RO D T
B ) A HET B bl T, KOSHEN L G|
LD T, FABRETEML THi, 0dk
1) RO L FHEOIUER O bR D B 1k 03+
Fig. 702 L {EE DT, Mln b aridniciod ozt
b ay ORIEOR O ETFEONIERR(2)RE X or
Y et 00— q'z 5 0s (25 06 07 06 05 10
() Fig. 8 RO M OISR Kb b s
Coefficient to calculate the mean wide
AREMMOWER =g+ "% shrinkage of board. (see Formula 8.)

ay \2
1+(a+b)
Lich, ZONEWRTHHFLEY R 2 T5L

1- CREIOWHER) _ R+b
I— CREMIOIRER) R
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LieHDT,
_ 1@+b)2(d—-ea,)+a?(1—a)y? (1+y?)
2a+b)(a;—e,)y?

TEHIN, RO 5P B0 Th i, MBEREY “ERST5 2 L8 X VRO ko 2
bha, Tihbb, RE 61k

1-e, 1
1 @ /1 a l—a,
5= 12y
(a+b)2 1 o, [a (2a+b) (a+b)y ~ytan~ (a 5Y 1<a, )

_ Qa+b)@+b)? l-a (1. & l-a, 4\ ., e
5 1=2 log 2| 1+ a+b)T 1—a y } a2 (2a+b)y tan~ly

Bt D) log(1+ y?')] ...................................................... (10)

LB,

LvL ZOEZHL, BB T DIHERLHRD IS DO TH A5, UUHEHEO MR 313 5 HiZ:EE
DELTIeADTR L, ROK Y AP B TH B L L GEUFE LA, kX OEADNEORIEL
ek b, bLALRHORTRNPEVEE ETHRRDENDMENH IS DT, ERME L v/ OEE:
~LT

i) ROBNEDOERED HRD B ¥E

ROERFIC BT HEAIL (4) XTHRDLEINDZDOT, BHYZERGS TS 2 LI2 X VIROEERA kD
2bNB, TibbiE o 1k

_1|/l1—e, l—ac,.) [ (1—0:5 )2} _ (l—ac]-
5= _ a_(l-a: an-1 (17 %r
Zl(l—w,- 1—a, v+ Iy l-a, tan 1—-a; y>

{ _(1 @, > 1tan-1(i-__‘iy>+1 @, ylog{ 1+G—_¢t_)zyz}

l—ay J —a, 1 —,

—l_fl?‘fylog{ l+(i_w" >2y }] .......................................... an

1-a, -y

Eith,
LaL, ZOEZHFE, NPELFE U NI OMBIC BT 5 BHETEE L 0T, IHEEOMBICE

FHERTRIDIEEANLREN TR DT, ERIEL VE/NOMEE TR L.
iii) PO _RICB [\ IR, FIOUGHRC X 2 TEbT 5 ghiihs Bk ed 5 vk
Fig. 7 050X 51z, [H#OFL O 2 bH AB ¥ ToOlERE OA % a L, AB % ay, OB %
1, LAOB % 6 & L1k &, i
6=tan~1ly r=ay/14y2
OB'=r(1-a,)=a(l—a,)/T+y?
N —
B C=r(1-e,)0=a(l—ea,)v/ 1+y? tan-ly
N _—
B"C'=ro(1-a;)=a(l—a;)v/ 1+y2 tan-ly

— —~
B'C'—-B"'C' a;—ea,

/B’OB" = Ty “1-a, —tan~ly
/B'OE=" _g_/BOB" =T 17 p 1y
2 2 l-a,
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BE=r (1-a.)sin(% -1 tan-1y )=a (1- e,/ 155 cos(} =% tan-1y )
—a, -,

OA’=a(l—a,)
XOoTHRE b Ik

5=B”"E—-OA’=a(l—«,) { v/ 1+y2 cos G—:%’_—tan‘ly)—l } ............ (12)
TEHIND L LD,
@z (2D 1) DEBRTRDI ar, ar AT, ZMHEHLD 2 SREERORN LY SE D
HiLE CORBED 2 [ THORME, Tibb v KX ) (12) Kib —— #k»HTHBHE Table 8 0

T Thh, Fig. 9 oz, MEESL LI —H L1,

Table 8. fRDOAIEE N H DEEFER
Relations between y and & (amount of warping deflection) + .
a (distance from center of disk to board) (when a,=3.3%, «;=7.2%.) (see Formula 12.)

disk
I
No. 1 No. 2 “ No. 3
y ] measured ;calculatedi y measured ‘calculated y ‘measured { calculated
24,98 . 1.40 1.47 25.51 1.62 ' 1.49 . 25.50 1.40 ; 1.49
8.21 | 0.367 0.45 8.65 | 0.470 | 0.48 | 8.2 | 0.533 0.48
4,80 | 0.216 0.25 5.21 0.200 0.27 : S.17 0.250 0.z7
3.33 ) 0.171 0.17 3.69 | 0.146 | 0.18 | 3.65 | 0.129 0.18
2.49 0.101 0.11 2.82 0.121 X 0.13 2.80 0.0667 0.13
1.95 ‘ 0.0646 0.082 2.26 0.118 | 0.10 | 2.24 0.102 } 0.10
1.52 . 0.0462 0.059 1.86 0.0615 ‘ 0.079 1.83 0.0692 | 0.078
1.24 | 0.0600C 0.042 1.53 0.0593 | 0.059 i 1.50 0.0467 ‘ 0.055
1.01 | 0.0c477 0.030 1.27 0.0659 ‘ 0.042 1.23 0.0401 | 0.042
0.79 0.0090 0.020 1.04 0.0258 | 0.033 ‘l 1.01 0.0211 | 0.030
0.61 1 0.0162 0.013 0.85 0.0057 ! 0.024 0.81 0.0048 0.020
0.44 | 0.0087 0.008 0.67 0.0174 0.015 0.63 0.0113 0.013
0.23 ‘ 0.0040 0.003 0.46 0.0000 ‘ 0.009 0.40 0.0076 ! 0.007
| 0.27 0.0045 0.004 0.22 0.0037 0.002

|
|
|
|
|

|

warping deflection
G

I R w B ] i 7 >
Fig. 9 Kb ofhifis X OHROGRE & b DEERR
Relations between y and 5, when «,=3.2%, a;=7.3%,
and a=1 at Formula 12. X measured warping deflection
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Table 9. YUHE#E DR D i

3 X ORI OUGHER
Faked tangential shrinkage a,’
which includs the compornent
of @, by curveture of annual
rings. (see Formula 13.)

WERRGITIEHE $E 715

[
ay | @y

@t
0.2 | 0.186 0.00z 7.1
0.4  0.372 0.006 7.0
0.6 | 0.559  0.012 1 6.7
0.8 | 0.748 = 0.021 | 6.6
1.0 | 0.936 0.029 6.4
2.0 1.887 | 0.083 5.7
4.0  3.815| 0.198 4.6
6.0 ' 5.735 . 0.320| 4.4
8.0 | 7.660 | 0.442 4.3
10.0 | 9.595 | 0.558 | 4.1

Thbb, MOE Y OEREDLZEEL HENL, v & 8 OEL
D DT IA, RO EolhRuT ay DIGREEHHE O KF
PEEE (ay)’ & 8 rOBHRLBRD T IUE RSV Tibb

'=r(l—a, m_loer yan-t
(ay)’' =r(1 a,)cos(z 1_wrtan y)

=a(l—a )V 1+y2 sin(!i:fz tan—1y> ...... a3)

Lich, a=1, «,=3.3%, a:=7.2% %M\ (@y) & 8 O
BEfR 3 L O o RIBIE 1 B BRI 2 & R fe- RART D IiER
@) L OBFEERDS L Table 9 L0 Fig.9 0l Th
%

Table 9 DORMF OPHER a’ HH DL, y=0.2 ORI,

HOUGHER @, =7.2% LIE~PMERLUT—HECBMELEL, Th ET T8 K&
Bo fik DL, —LDEI 2ay=5cm DOIUFERBRHA Tk a=12.8cm J7ghb b il 225 10.3cm &
15.3cm @ 5cm 2 BLERBRH B O T CIRERENET D Z v %,

DT ERES B OIHERY % THFRb LIcEa, /MNE L T—H OB Fix s it

ay—a(l—a,)a/1+y? sin (FLL tan-ly )
.

ar—a/=ar—

ay

=1—a,) \ﬂ sin( tan-1 y—wl‘_;:" tan-ly >—(1—a¢¢)

y

=(1-ea,) ﬁiy_z{ sin tan-y cos <%L_T£L tan-ly )

—cos tan—1ly sin (--i'-

—(-a)VIt¥ [ ¥

y

»

YLTEr tan-ly ) 1 —(1-ay)
—a, J
[ @t — @, —1 1 : Xt — &y -1 1
A 2 cos|—"—"—tan-ly |)J—__~ _  sin(-——" tan-ly j
y V' 1+y3 1-a, V1+y? 1-a,

—(1—a)

=(l—a,-)cos<% tan-ly )— A-ea,) % sin (,‘;‘,:_‘EL tan-1ly )—(1—w¢)<0.001
— —a,

”

Thdhdisbisve LB

xnh,

l1—e,=1

ar—a/=(l—a,)— "
I3 t ( r) v

COS<(;—_£ tan-1ly )———1

sin(f -
1

=(a;—a¢,-)( 1—ta“y—”IY><o.oo1

tan-y<tan—-o0=1.57 ar—«,<0.1

13

t

»

@y

T @ tan-1y )___ LT pan-1y
@ -«

» @,

1-er | X Er pan-ly—(1—ay)
11—,
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XoT,

tan-ly 0.001

>1- e e (15)

Xt — &),
-1
r7ey, v ox “‘I’TY DEEF% Fig. 10 2 RDTHTT (ar—ar) 20 < BOBHL, v A

K BUTTRFE, IHEREY % CTHKb LR/ MR T —HCRER ET 200 %, T7obb,
@:=0.10, @,=0.06 DAL ar—e,=0.05 7D,

tan-ly g %%051 =0.98

T Fig. 10 226 vy i 0.25 LI, Fiebb S5cm HORRA OB EIFL1LHE 7.5cm LIFOR
SUIAGIEVh, RRT e RBETHZULERD D, BERL (14) X2ZERLT

a,#wr+(a/—ar)aﬁ%g7 ............................ (16)
r7h, Figs 10 oy & —tﬁy_lyg DYDY LEBICBET S Z LA TE %,
Bl Ric & 0 SR 0@ & M2 HIER Ui o TR X
DEEA DB EHRFLTHD Z LT L, 100 % 105
a) @, @ a HR—EOEE 299F i di04
Fiebb—HORT, ROKSIFsOt#: Table 3" 1%
9 w10 Fig 9 LRFCL EmERL, v 2w | O] b [z
L ORI Table10 35 X U5 Fig. 9 O Z 1< Th b, ii . 4$
D) ar, @ ¥ H—EOBA 01 02 y 03 04
Tizhb, b bOEHO—EEHORIEETS Fig. 10 e D{EERE
ey, Fba b OMEEEa A EER TV BRI Y REL Relations between y and tanT—ly_
Az R EL 185, (see Formula 14, 16.)
Table 10. y X &5 OERFR
Relations between y and & (warping deflection of flat-grain board)
(when a=1, «,=5%, «;=10%.) (see Formula 12.)
y | oz o4 oe { 0.8 | 10| 20 40 60| 80 ﬁo.o

|
3 ’ 0.001

0.108  0.259 -
| :

: ‘ \ ‘ i
0.008 ! 0.016 l 0.026 ‘ 0.038 0.416 ‘ 0.676 i 0.729
i ,

c) a, y R"—EDHE
Thbb, HERORLHHT, HARDOR UBHRAUEND &2 2 MOKIL @ —a, DENKETIE
KREE EHHICE D DREITAEL Iebo A i, (12) KFRDOZT L EEINhD,

d=a(l-«,) {\/1+y2 cos(}% tan-ly )—1 }

=a(l-ea,) {\/l+y2 Cos(tan-ly—%___“'j_tan—ly )_1

»

[N

e — —
— _ - JG Xy — ¥y -1 s S (a‘l @, —1 )}_
=a (1l a,»)[\/ 1+y2 lcos tan-1ly-cos (—1 = tan y>+sm tan-ly-sin 1w, tan-1ly 1]

—a,
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=a(l—ea,) { cos (01”_—“' tan-1ly >+ y sin
.

7

MEHBREUIgERE 715

LT tan-ly )_1}

11—,

LALT Q-—a) H1IRIELALDELL (er—ar) 1k 0~0.1 TAH, tan-ly 13 y 28 0~% O

Baw 0~1.57 THE»H

cos(%ﬂ tan-ly >'=.1

@,

s

d=a(a;—a,)y tan-ly

Lk,
40
20
200~
I&U: M

02 04 06 08 10

TR B S S S S ST R TR
¢

Fig. 11 B b ORERRD D60
Coefficient to calculate the amount
of warping deflection (see Formula 17.)

-
B 15 16

=y 2T dr pan-ly
l-ea,

FThebhb,dk(ar—a ) CHFATHZ L L5

d) ROEI LK

L, ROE X \ERIE Robh b0
T, FA—tB O R—BERAE DR ORRIL, E
BREDOTEH, LY OREIFA—Th b,

LEDZ &b, EEOBMEDTEDOMELD
BHONIARDOK D DEEIX, vioktT 5 ytanly
DfE% Fig. 11 763K, alar—e,) ZET5
ZEREDOTRDZ NG,

LUERE « 8RS L7ahER, B D ORI EIERE
T R OURFER O IG5 & L vt DT
Fig. 12 022K ar—a, BRI U TH HELB &
E OB OUFIERERIC & D 2 bl R
ALTHRBE, 7, 7HEE, FF, 7TF, »~
v REIESRTL, v/ X, T E, YV,
I3, ThH=Y, =V=<Y, k4, hYF, A
FELY, W WD ki h, —&
ICHRBRINIC o T & e BE SR, s
CWWERLTZENTEDL LD
o

&

E-]

HEFHOPHER .
BIEA R OPUER  a:

oLy (%)

Fig. 12 #WIRERIDZE OFLE D iR

Grade of distortion in several Japanese woods.

(see Formula 17.)
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B30

@t — @)

a=qa, + —
@ 1+y2

TERbEN, ¥ & il ORRERS TEIRE bk bhs (Fig. 2 B0,

2. EWHAR T EEO ZHROWKREROFIL

a1taz=a,+a;
Elh, —ETH %,
3. HRRC X WIEFENERC IS L OBELAIR

1, 2y
1—a; 1+y2

y=(a:—a)

TERDEN, Y & o OEFEERS TR bR RS (Fig. 6 SR, v 5 1 Tibbm

FHEDEZATH D ar—a, OFINCHMT S,
4. FfRERolERIT

—1
A:a,.-{-(at—a].)iu

TEbLIN, FEOHBHERD 2 EOME) DRSO TR

_ _ zcos~lz
A=a,+(a; a,n)\/——-—l_Z2
THRPENBND, 2k fﬁs—lzf DERERD TR, Bbiknz bhs (Fig. 8 S,
—Z
5. —EKOAKN BIELEHE LIRS O TEIRERIT
N @,rtag
A=—

TERbIN %,

6. HRERDAROFHICK 5 KT

d=a(a;—a,)ytan-ly

TEbIN, ROFEIJCHEBERT, a2 $EV ar—a, HHATZ, @2ICy & ytan-ly OBEFER RS
TR Thic ale:—e,) ®ETHZLICE D0 ak BBV L5 AR BE SRR THEBIC
HyoFEEERoBzenTcEs (Fig. 11 M),

7. WHERRERE R HE DL 2 DID b, B OIUERIT, EED o XVASAD,
T DT

-1
a,_a,f=<a,_w,.)( 1_Emy_Y)

THERbHIN, LTOBIERT

ar=a,+ <atl_w'.)ta—r1}:T§_

Y.y k EY_T DERERDTHITEBIBEIETE % (Fig. 10 ).



—134— HERBEPIZERE H715

2 % X ®

BRR A RO oUGHRCEET, RS 9% 15 (1927).

Greenhill, G. L. : The shrinkage of Australian Timbers. Part T. A new method of deter-
mination shrinkages and shrinkage figures for number of Australian species. Commonwealth
of Australia, Council for Scientific and Industrial Research. Pamphlet No. 67. (1936).

FER=RR - WOTh oW, HERTRAHEHERSR R 45 TR0 18 4.

Keylwerth, R. : Das Schwinden und seine Beziehungen zu Rohwichte und Aufbau des Holzes,
Holz. 7 Jahrgang, Heft 1/3 1944/45.

Kollmann, F.: Techuologie des Holzes und der Holzwerkstoffe. Erster Band. Zweite Auflage.
(1951).

THALERLG, RHR B [ RM OWBEMLWigE | BB X 2 R OBF RO, (L&t 52 &
84 (1931).

i | AMEEEHEGERR, WEEkhEe® 5% 125



A OECICEET 2058 GRIE - M5 —135—

Saburo Isaxa and Makoto Umerara : Distortion of Wood.
Particularly on warping deflection of flat-grain boards at seasoning.

Résumé

.

Timber has weak points against water, fungus, and fire. When the board is
dried well, the square at green condition becomes diamond-shaped at air dry,
and the board warps toward out-side of disk. When we use the timber for
construction, to predict the amount of distortion and warping is important. In
this report, we examined the distortion which occurred due to the existance
of annual rings.

Let a.=radial shrinkage, a.=tangential shrinkage, a=distance from the
center of disk to the flat-grain board, and 2ay =width of the flat-grain board,
then,

1. The shrinkage of the direction which declines 6 degrees from annual
ring is given by

Lr=-—Ly
1+y?
(see Formula 2. Table 2, 3. Fig. 2.)
2. The sum of shrinkage percentage at right angle with each other is

a=a,+

given by

a1+ as=a,+ a, =constant.
(see Formula 3. Fig. 3.)

3. The angle of distortion which the spuare becomes diamond-shaped by
seasoning is given by

L — Ay 2}’

r= l—a, ’ 1+y2

and it shows maximum at y=1.(see Formula 4, 5, 6, Table4, 5, Fig. 4,5, 6, 12,)
4. The mean wide shrinkage percentage of board is given by
A= o+ (a[—a,_)_gny;lx_

L _distance from the center of disk to the board
et z= . . - —
radius of disk

zZcoslz

Vo o1—z°
(see Formula 7, 8, Table 6, 7, Fig. 7, 8,)

5. The mean shrinkage percentage of the total boards from the log is

then, A=a,+ (a:—a,)

given by

TA_ _a,-—!-az

(see Formula 9, Table 6.)
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6. The amount of warping deflection of flat-grain Loard is given by
d=ala:—a,)y tanty
and has no connection with the thickness of the board. (see Formula 10. 11.
12. 17. Table 8. 9. 10. Fig. 9. 11. 12.)

7. If the specimens for shrinkage test are adopted at close distance from
the center of the disk, the measured tangential slinkage «. includes the
component of a, by curveture of annual rings and is smaller than real
tangential shrinkage a..

The relation between a, and «.’ is given by

1
a;—a = (a, —ar)( 1__'(3%}’_)

or

_y
tan™ly

(see Formula 13, 14, 15, 16, Table 9, Fig. 10.)

ar=a,+(a'—a,)-



