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Studies on the Mechanical Properties of Reaction Woods

Report 2. The Elastic Constants of Ich6 (Ginkgo biloba
L)), Yamanarashi (Populus sieboldii Mi1Q.) and
Yachidamo (Fraxinus mandshurica
var. japonica MAXIM.)
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7o, EIG #WWEERTHOLo0FBMELELD L, b FRYEEMTIXZ OfEA 13~22 D
BECDHY, DTHTIEIhID M- T, ABPARITHTIPS T TETTEZ L8
o hte,

FHRTRUED L ) RERMUOBECOWT HLRLR BN E 5 nER OV TE LR
THEWT, HBTHEISOIFa v, Y=+ I3 BIVVYF& EDKEMC O THIHR & R
DRABE B R HRE TS,

1. R RFH &

LT 8 .

HRAMIE, EBERFEEREREMED A 573 v XY <7 7 v, HRAICRER
EOYFLERE{E1ETHD,

45 2 YAKIEERY 25 cm THEBO RN PROERNELEALERORR L, BHRC
XUDT, BREOBHEY bOEMD THOFEENRRLDLAIZ DT, BEDED DL S,
ARBRA ORIAE R EAE®RO LA 2 X THEXSTE 2 L BRETH -, ZDkd,
15 a VTR, FBEOEMD THERLRBRA L Chi28E -0 L2 ABRNCXTL,
FhERE B THIICEEREHTHC L &L,

Y=F T oAKRIERY0em T, @3\ S FHCEHML Tkh, HEO LMz E
<, FIED THREEOBRROXREY L oM rnA L DLRI,

Y& =ORBRAIZERZN 22 cm OEHFARL LB L 728, @0 Ly ~>+5 o0
EHWERBOBES THEUM IR IME R AL DO, YT TV BIOYFXEHT
i3, BEREED LTRSS THREDORRO AL ML SRR 5 TH, Zhist
DEFHLDLDFEFEHE L,

RBRAREERBCELLE M2 B RKMY, ZOFEEAF 2 vBIVYF£ 2 TIX50X
25%25 (LXTXRcem), ¥ <75 Tl 34X2X2 (LXTXR cm) Th 3, HLEOBEI O
FHORBRCOW TR I o, ABREDOEKERL10~14% OBHEATH - 12,

1.2 iTH R

A3 vV BIOYFXEHTIEAAY [=45cm, HEIZ30kg T, Y<FF o kTizA
Rv1=32cm, HEIX12kg 2 TT, WThiIPFREFHETH 2, BRARIHFERCETH
B110mm oL vAayr —oEbbuTHRELKL, ZOEDCOMFTIEINE A Fa 7RIV
¥ # & & T 110kg/cm?, ¥ <7 F > Ti3# 70 kg/cm? TH 5,

L3 oM

MR RBRE R T LB 2202 s RORBRCHEAL o, BRAARERMIXA # 5
YRIOYFHLET140mm, Mxi L 27ik60kg-em, ¥~ F > Tk %R £ h 160 mm,
20kg:cm TH5B, TOEHNORAWIGEINELAS Fa VEIOYF£ £ TH 17kg/em?, ¥~
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I Tk 12kg/em? L7r B, e OFBRMALEH IR AMBMERL, WEED Gir
BIUCRBAED Gur DEREE L TDORMIDGTH 5,

2 BREER

21 & K

EBEOEEH B X O THOLES Table 1 iLFT, WThoOBBIE LTS, HTH
DFBHBEBIEFEMOLHICHEL TAEL Lo TWaHHR, BELCRLEIHO F FY#HD
EHBIFEET, CHAIFBRTEY BT EBEORBEOHBEBER LR FhHE VAL
Mol b, DTORBENRF FYHOED B EHEETIEL -T2 &, BB, RBHA
BRI Y KB TH B cd, 1ARFNTHS THBLIEEMBOBE #T bhiehotoZ &in s
HEREEZ DR S,

Table 1. Specific gravity of specimens

Specific Gravity**

. Type* Number of
Species i
p of Wood min. av. max. Specimen
. N 0.376 0.396 0.420 31
Abies sachalinensisV) .
C 0.423 0.566 :0.705 31
N 0.407 0.450 10.490 25
Ginkgo biloba
C 0.427 0:489 10.529 18
D N 0.372 0.418 0542 27
Populus sieboldii
T 0.422 0.491 0.560 12
Frazxinus_ manglshuria N 0.614 0.654 0.708 22
var. japonica T 0.625 0.689 0.765 25

* N=Normal Wood; C=Compression Wood; T=Tension Wood.

**  Moisture Content=10~14%

2.2 PUURE (E)

Fig. 1) RT3, 152 VOEEMOY v 7 GEIL REBS O L D H#9 80X 103~
100X 10° kg/em? OFHEICH b, HEELCLHATIEANADRS, ZhALHLTHTHT
i, Y/ RBOBTAELL, HERISX B2 55 COBEELRRAREKOY v 7 BRI
40X 10*~50X10°kg/cm? L7 b, HTDALIREVWHDOEZGDOEL Lo Tb, HTHY v 2
RBOZD L 5 I ETOBANIHERD b F~YHOEH VL FRTHY, Chi3kcET
BEEBOIXD BT LB RERBESLD LB,

Y=FFUMOY v 7/ HRBUL Fig. 1(b) © X 5 IZIEHEH#H T 50X 10°~80 X 103 kg/cm? & 75
D, B YBEIXRCRRIE—RILCLLEOHINE & TR BATEEANRDR B DI
HUT, HTHTRILESE & LML, 110X10%kg/em? B2 5 b0 bHbhi, =OHEM
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Fig. 1(a). Relation between specific gravity

and modulus of elasticity (E}—
Ginkgo biloba
O =Normal wood; ® =Compression wood
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SPECIFIC GRAVITY
Fig. 1(b). Relation between specific gravity and

modulus of elasticity (E)—Populus sie-

boldii

O =Normal wood ; - ® =Tension wood
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SPECIFIC GRAVITY

Relation between specific gravity
and modulus of elasticity (E)—
Fraxinus mandshurica var. japo-
nika

O =Normal wood; @ =Tension wood

Fig. 1(c).

¥ & =iz o TR L Fig. 1(c)
TIHLHETH 2,

TF&ETE, EEHOVYY /&
22 100X 10° kg/em? R T % % DiC
HLTHTHD Y v 7 FREuT, HEMR
FHhEERE LT EDRVWCIrhb

LT, XA KERMELRL, 200X100kg/em? ¥z 5 3D bAbht, DX 5L, HTH

Ty v 7 RENKRE L DD,
2.3 HAEMERE @)

FF=YBICAF 3 9HDIER W ELHBOBETHS,

£ F 2 UHOR A ESIL, E%H TR 8X10°~10X 103 kg/em?, # TH T 10X 10°
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SPECIFIC GRAVITY

Fig. 2(b). Relation between specific gravity and

SPECIFIC GRAVITY

Fig. 2(a). Relation between specific
gravity and modulus of
rigidity (Gy—Ginkgo biloba

O =Normal wood
® =Compression wood

~12X10%kg/em? L 7z b, WHOME¥E
UCTHERLAIL Tk& A EAN Fig.
2(a) THREINTEY, HTHIERH
{bhrbkEboTwb, ThiXzbt Fevi
DIEBH L2 FAROEARTH S,

CHIEHLT Y=+ I o)A KM
HERFUL, Fig.2b) kiRt row, MER
HHIL TR 525, ZOiEd\vidd THn
EEHMETEbo T3,

Y F & EH O AMHEEFREIL Fig. 2
D X5k, EEMTH 11X10°~13X10°
kg/em? OEHICEPL T B DL T
% TH T2 10X 10°kg/cm? LIF D D23 %
CHbRTLB, ZDL3E, HTHOR
AWTHEVE R ST T K& Y, IREE

modulus of rigidity (G—Populus sieboldii
0O =Normal wood; @ =Tension wood
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SPECIFIC GRAV‘ITY

Fig. 2{(c) - Relation between specific gravity and
modulus of rigidity (G)—Fraginus
mandshurica var. joponica

O =Normal wood; @ =Tension wood
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BH TS T, YV REOESEERNOBEGRYRTDOTH D,
2.4 HTHOMBEERN

BEDXSC, HTHO Y v 7/ HREECAMBEFRROBGRAHERD I FrY LU
Fa v LEEBO Y <55 RO F 4T L TIRMEICT D & & NEBRN BB b AT I o T,
B TR OBADO L DL LTHERS THO 7 4 7 ) A ik b F i, 0¥ b, SHEEMD
THMRCESTS2EBO7 4 7V A EANREFHOZR I D b RELLBED L v 5 FEN.
b, Effidd THMRO Y v 7 FREOEA V& L UBET > MREREOMRYROBRC L€
ABTEERBO RN, EXEHROERY L 0BLns, EENCHAIhDZDOTHS, 4H
DERTIE, 1F: 7S THAN =Y S THERBEOEBZRTZ L2 LR ERD, Zh
L Th LEOBRASTCITED, E5K, BESITHEETAESTFVED Y 4 7Y AL
APPI W EI FERTIE, YFIURBIVYFEESTHOY V7 REOHEMERA
Wi R B OB BN TFEINh S,

F—HTiE, HDTHOLEOHMAMREECHINCHERTSLELDE, ThoYik
BWRECIBAEDOHMLEL LIRS, ZOBANDARD L, Efib THIEET 5 v v 7 HED
B, BEOTEMNBC I AAEOMME ) LELOLODY v/ REDETOHNAE
e TH D, TAMMEREOMMIMRBECHEIOMEIEHC X 2 AMMREDOR EE FH
HREOMEERCID EHRDLENTES, 5IEDTHRE Ty v 7 REDHICHENT 5D
X, Broioov vy 7 HFEROEME HEHRICIB5L0TH Y, CAMBEEROBA I,
EHEOKWESROBY NIEGRY LEbo T bbb ELDZENTES,

FERICHEINERMO VY v 7 FEE L O ARG AROHBORE X, £#H8EOL -

Table 2. Results of test

Type* Modulus of Elasticity Modulus of Rigidity

Species of (E) 103 kg/cm? (G) 18 kg/cm?
Wood min. av. max. min. av. max.
N 89.2 104.3:(263) 1200 4.8 6.2 (156) 75

Abies sachalinensis)
168 sachatinensis 502 793 (140) 961 81 129 (228) 171

C
N 725 92.2 (205) 104.5 75  9.0(199 11.0

inkgo bilob
Ginkgo biloba 403] 546 (112) 767 90 111 (227) 129

43.1 69.6 (167) 826 6.1 7.7 .184) 10.0

c
Populus sieboldii N
oputus sieoolait T 859 998 (203) 1143 69 89 (181) 109
N
T

786  94.6 (145) 1174 93 11.6 (177) 128
95.2 149.1 (216) 2154 89 102 (148) 122

Fraxinus mandshurica
var. japonica

Note: Values in parentheses are specific modulus (X106cm); E or G divided by average
specific gravity in Table 1.
* N=Normal wood; C=Compression wood; T=Tension wood.
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BTHEEEHND7 4 7V BAHHVIIREOHBRT L VBERSLbLAL EELDLRD,
Table 2 DIEMAOKIEIL, E % X0 G DFEL EREROTHLE TR LA b DT, Bl
REHL ) OBERYTTLOTH S, ZOLBERE, EERE S THOMEELDLOD
NFEEBEDOHEEZH D THWERTLDOEELLRD, COMETHRS &, $HEMBTHOY Y
THRBOETHRIREL, DWTHERS THOR AN BERR L IKERD THO Y v 7R
BOMmPZERBRET, KEMDS THOEANBERBOE TS Y REL RV LD
2B,

2.5 E/G HKUMITROMERY VEG)

Fig. 3(a), ) B X' ) X FhER, 192V, Y=FIFvRBIVYF5 40 E/G &l

EXREICEL - TRBLELODT, 2.2 8L 023 CHARABENESRHPHLRIATHS,
FEYYBIOAF s vOBTH TR E/h, G REBIdI EIGi/hEliY, ¥=F
FURIVYFXETRIDOBCID, E L REMCEE, Thb 4BEDOWFhiTD
WTh, EEMESTHOBER LR BMETH 10 i, T b,
EIG DR NN BRI, HELZT5HIHO2BARBC LD D EANTMELAROR
EBRFEN I LILD, ZOBENDARD L Table 3 @A+ & 5 KEES D TH TR ARG
N X5 MBEARBEFEHO 12 LTEBAPT5, chexl TLESRD TH Tz meEs
BRSO HINTS I LD, R LEBRECKWT, CORTFR L34 MELOHME
X, BOROEBNEOLNT, BEECANSLBERRNTH A5, BERTOETIST
HOMENHECR B THAD,

Table 3 © VEG i, ¥ v 7 fhE & ¥ ABTBERBORRTHTH b, B RofF s\
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Fig. 3(a). Relotion of E/G ratio to Fig: 3(b). Relation of E/G ratio to specific
sgecxﬁc gravity—Ginkgo gravity—Populus sieboldii
biloba : : 0 =Normal wood; @ =Tension wood

0 =Normal wood
©® =Compression wood
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SPECIFIC GRAVITY

Fig. 3(c). Relation of E/G ratio to specific gravity-—Fraxinus
mandshurica var. japonica
O =Normal wood; @ =Tension wood

Table 3. E/G ratio and flexural-torsional modulus yEG
Type* E/G Ratio JEG 103 kg/cm?
Species of
Wood min. av. max. min. av. max.
N 129 172 22.2 20.7 25.3 28.4
Abies sachalinensis!) (64
C 4.1 6.6 11.9 27.3 31.6 (56) 35.9
N 8.6 104 14.0 24.4 28.7 32.3
Ginkgo biloba (64
C 3.6 5.0 7.8 21.0 24.4 (50) 30.7
S N 49 92 118 169 230 (55 280
Populus sieboldii
T 10.0 11.3 13.2 24.4 29.7 (61) 353
Frazinus mandshurica N 68 83 119 303 330 (61) 360
var. japonica T 8.4 15.1 235 34.2 38.5 (56) 44.4

Note: Values in parentheses are specific flexural-torsional modulus (X 106 cm) or YEG divided
by average specific gravity in Table 1.

* N=Normal wood; C=Compression wood; T=Tension wodd'.‘
THEBANERMEYRETAHETHD, ChIREEOHEC S - TREMECZIhB L5
Ttotedb DT, HEBTELF— 2B EAERVE, COERTELEHOEHETARB L
DEHEIL, Y~ F T VEEMD 23.0X108kg/em? 75 v+ 4 £HTH D 385x10°kg/cm? ¥ ¢

L VENLDTHE, Fie, 1F 2 VHEDEER, 5THO VEG REEHOF R LD b
KEfoTnd, LLZhSDERY TR EFROEERE TR L L, SAHES T b ORIEE,
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SHEERTD T & INEMIEE M C 50X 10°~56 X 10° em, $HEEMITE B4 & INEEM S T M TR 56X
10°~64X10°cm DFHICA - Tk v, BEEIHEC LV —BoFEAL 2L 5Bbh 5,

03 B LS|

HTHELDPIFa Y, Y73 v BIOYF &L ORI LERL CRBFY, EHEHE
BCEITLMES LOMBRERERC, HRMHCH THLEFHZESL, ThbORRN
KOVT%E,Hﬁ?yf%ﬁklvﬁbKl%ﬁ#ﬁ@&hﬁ%ﬁ%ﬁ%ﬁ%bto%%n
KD X 5 CEERD, | -

L. HTHOHER, WTFhoMBKRs T, EXEHOLEIDL I EFHTRKEL
(Table 1), ‘ o

2. YVI7RBUL, 1FavHTHTERYTIORL, ¥ 7vB8LUvF4 €DK
B THICES UIBCIEEM X 0 L KEERRT (Fig. 1(a), (b, ), 1F2 VHTHO
Y v/ BEOBELAFIL, F#MTRLE N F=YHTHOIER W LA THS (Table 2),

3. HAMEHEGEIX, Yy/HREOEBLME, FFYYRICAFs vHTHT

EEMIDIKREL LD, ¥~FF U BIVVYF& THTH TR/ &k 5 (Fig. 2(), (b), (c);
Table 2),
4 HTHOBEREE, COERTE D B S L KERE TR RN OER LR
TERHLMITI o, ZOBAIRELLT, ERHTHARD S2BCkTST 4TI
fHf, 7R > THEIRCKT €5 7V BOREERK X S THMROEREOMKL F D, M
MOBSNLERCI 5 bOLELORS, T, EHbTHONFHBREIERRE Y OX
WTWTRBET TS & 58T, TANBERBIC W TR TITE B,

5 MEFFEO—IFEL LS E/G HiX, HESTIIH THTH 4~11, EEHTHI~22
Eie b, REE TS THTH10~22, EEM TP E5~12 L7 b, I KEnZAhiE,
ElG=10 "EFM L THOERME L% (Fig. 3(), (b), (s

6. BEhEEHELXRETS VEGHiR, REC X v EBT52, BlkBEbib
HEsl, $EBCIHTHTHERVLERCISTHTKRERSD, EIOIX, $HEH
B TH & JRBEBIE % T3 50 X 106~56 X 108 cm, $HEEBITEHE# & IKEER B TH T 12 56X 108~
64X 10° cm DFEFD A - Ths 3 (Table 3), - '

X [

1) REEF-HSBERE U B S5 THoNEAEECET HE #H1IR + Py HoltER.
LR\, Vol. 29, No. 2, 1972

2) PANSHIN, A. J. and C. H. DEZEEUW,: Textbook of wood technology. Vol. 1, 3rd ed. Mec-
Graw-Hill, 1970.

3) LEER: KEFEMABOBEERRETHE £l 77 Y AROBEER L XEH Vol
26, No. 1, 1968.
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Summary

In this paper, the elastic constants of normal woods and reaction woods in three
species were investigated. The test specimens were cut out from Iché (Ginkgo biloba
L)), Yamanarashi (Populus sieboldii Mi10.) and Yachidamo (Fraxinus mandshurica var.
Japonica MAXIM.) in air-dry condition. Specimens were then divided visually into two
groups, normal wood and reaction wood, considering the position of specimens in the
trunks as well as reddish-brown color in compression wood and silvery sheen in ten-
sion wood. The size of the specimen from Yamanarashi is 2X2cm in cross section
and 34 cm long in grain direction. As for Iché and Yachidamo specimen, the dimension
is 256X2.5¢cm in cross section and of 50 cm in grain direction. The modulus of elas-
ticity (E) and modulus of rigidity (G) were obtained from bending test and torsion test,
respectively.

The results of tests are summarized as follows:

1. Specific gravity of reaction woods is on the average greater than normal wood
in all species tested (Table 1).

2. The compression wood in Iché showed comparatively low modulus of elasticity,
while the tension wood in Yamanarashi and Yachidamo showed greater value of E than
in normal wood (Fig. 1 (a), (b), (c)). This tendency of E in Iché is similar to that of
Todomatsu fir reported in the previous paper (Table 2).

3. The compression wood in Iché indicated a considerable increase in modulus of
rigidity in contrast with modulus of elasticity. Such property of G in Iché also com-

- pares with that of Todomatsu fir. On the other hand, the modulus of rigidity in hard-
woods becomes smaller in tension wood (Fig. 2(a), (b), (c); Table 2).

4. The remarkable contrast in elastic constants of reaction woods between conifers
and hardwoods is likely due to the difference of cell wall structure, such as the micro-
fibrillar angle in the S2 layer of compression woods and the development of gelatinous
layer in tension woods.

5. The range of E/G ratios in compression woods is roughly 4 to 11 ; normal wood
of conifers, 9 to 22; tension wood, 10 to 22 and normal hardwood, 5 to 12. E/G value
of 10 may be an approximate index for distinguishing reaction wood from normal wood
(Fig. 3(a), (b), (c); Table 3).

6. The value ¥YEG , which determines the lateral buckling loads of deep beams,

is greater in reaction woods except ginkgo. Divided by specific gravity, however, it
becomes greater in tension woods than in compression woods (Table 3).



