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Studies on the Mechanical Properties of Reaction Woods

Report 1. The Elastic Constants of Todomatsu
(Abies sp.)
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R AR R BT BT AT RIZFAA L A BRTR,

CORETED THE S OARDLEML AR OMEREL L THIEERIC L - TR
AL, ThIDBTHORKTHZEE LI ) CREORABEY BT 5 7o 0 ERY
MAXRBHT L, HoHE, EFHCHT 2REH 2 E00CHFT 2882 2R R
DL LI EHBRFT 5,

1. B A &
1.1 8

AHTI, WE, SIS LIOMSFIED P VY HERBE L, BMED + F< it
DOEWEILRHOERERL, BREROKE WEHICHE
ERLBONRONR LI 00, ZORGEHDLEHE
HTHEHM LI, WERSIOMFIED b ¥~ Yz
BREINTBYKERBR S DTH 5,

ABRF X Fig. L W RTI52hTHE R), HTD
Fig. 1. Cross section of a reaction IWiRs (N) B XU ZhbOPREE M) hHERIL A,

RyxfwhhmeMMhr& Rt OTRRMTS LR ) RRAD L O5iE

action wood, normal wood and 2X2cm, & (##ESF) 34cm T, FHEABHD LD

intermediate wood respectively. XM 25X25cm, B X 8em ThD, IhbKEHN
T2HLEARERY &L, HH2EEThORWLDODZE L B,

1.2 f 7 & B

HMTRBIT A v [=32cm L L, 12kg F COPREFHHERL AR ML T2k 572,
BARHEACEVWTIEE 1/1I00mm O£ YA 7 -2 L b THELR, &k, COiEd
WIZAEU BTG T0kg/em? TH D, ThboRBAIF0E 2R OABRCEHALL,

1.3 # b H &

CORBTIHABOmMCHMHES HEX#EE T b 2FALE, TOL E0EDORER
AXYWELL, ZCTLLWLRRBRE2HERERD TH 5w, R ALK EED & A KM
B Grr BIUHEHED Gre X WVREIN DT TH S, LArLIhb 2EDEANM
HREB A SREL TR D Z LXFERPC S, FRENCLIFEFCHSE D, TR AR %
Stk L R U TRATORANBERE G 2 EHL Y,

ABEBEIRBOBE? CHHI0LRABOIOTH D, BABA ML b 71X 20ke-
cm ¥TT, 0L EFORERNAYERF OFRE 16 cm KEICOWTHIEL o, ¥, ZoOX
BT 58 AMIG I 12kg/em? LUFTH 5,

14 ERE B

RES Ston DA€ v EIRBRE K X VB OBMET NICHEY ML, ZoL EOHMS

B, BRFABIOERFAOERE TR EFHRAEL 20 b FEMEHEL 72,
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2. KRLE®
21 EREFERIE
#52 Table 1 38 L0 Fig. 2. itk L7z, Table 1l o FHETL D L, HTHEE LW
N-zone 756 DI WTHOEMD L O L HEIZH 04 TH B, LKL TH THE R-zone
DL UMD HEIZ05~07 &2nis h K&, o ZhbOHEE Mzone DTk, kb
H) ChbohHEB it &L - T %,
EHERBCOWTA S L, ZTOIEEL ZOHEMIXNA D KE VA, N-zone HTiluvTi

Table 1. Specific gravity and annual ring width of specimens

Position Region Specific Gravity Annual Ring Width (mm) Number
of of of
Specimen Growth min. av. max. min. av. max. Specimen
Uryt 0.376 0.394 0.413 1.83 2.67 512 12
N-zone Tomakomai 0314 0.384 0.413 1.53 278 4.58 26
Tébetsu 0.377 0.400 0.420 2.16 2.76 3.73 8
Uryt 0.451 3.75 1
M-zone Tomakomai 0.429 0.495 0.651 1.94 3.23 4.45 14
Tébetsu 0.423 0.495 0.539 3.46 4.22 5.83 8
R-zone Tomakomai 0.503 0.639 0.705 4.15 544 7.78 21
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Fig. 2. Relation between specific gravity and annual ring width
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4 EHC 2.7 mm B CTH D, M-zone Tit 3~4mm, R-zone TiX N-zone ¥ ® 2 {50 54 mm
FCHML w5, 7ok, HEO07, FHERE 6 mm ¥R THELDS THICKT 54007
DHTHEILE% TWETH B,

Fig. 2. 3 PR L O EHRBH 02K 0 Eic o THE L FHFRIBOBGRERLACD
DTHD, SEOEHA xR D L ERIBIZHLEN 038~042 Dby Tl ERD, Thibdl
EAHMT 2L L LCERELIELS D, HTORENELL D, —F, LENPIIVRAR
B L EREANEINT AEANAEDLEN DR, THEHEYTIHIC-ThILELHH D
BEISEWTOOMTH Y, KRB EELDR D,

Table 1 & L0 Fig. 2. @A bh 2 L5, N-zone 7> HEERL X REFH L ALR D
LOEBRNT, WTFROEHDLOLIRIFHE—0 LERA 038~042) ICiz\5Z Ehb,
Tz Sh e E%HE B2 5, |

2.2 YUOUBRHE

Yy /R EHWEORBFIL Fig. 3. WRTERITH B, BT IVEMARIVBL L
Ly v 7 FEIABHCE LWL, FREBCIOIEENALDLRRZEMLERBT
—FELTF ey FLI,

—BRZARMDO Y v 7 BRI EEOH MR E L DHAR R LEDEN DD, KERTT
DEAHRMNKSIT DD RBIEM EEFHCRON S, ThbbIEFEHTY v 7 HRENR LA E
b, ChIDREAAEABE Yy 7 ERERYT 5, SOBIFILILE & 468 o B &%
(Fig.2) L3 TH 505, BN R EL LD E Y v 7 RE BT 5 &S fERpErh D,

YV 7 RBOEMTIE, &b HEO/NDNILFESBH T 50X10°kg/cm?, [EFEH T 90X 10°~
110X 10° kg/cm?, HEA: 0.6 LA LD BEIF 72 B TH Tk 60X 10°~80X 10°kg/cm? i3z —EfE
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Fig. 3. Relation between specific gravity and modulus of elasticity
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&Y, COPHDOHOY Y 7 FRBUTIEE M & BB THOPRPELY & Y HELLE
Ay A O BB R E R T,
2.3 BAMMERE

Rt o AREERBIC OV Tk, EHCEROD /ENEOR, Tihbb Fig. 4.
CRT L D R AT RBUT Y v SRS e, REOWIMC L - TRERZBFEY LD
CERHLA IR, HEOA KT AEEY P P Y IEEMOERMET5L, HEOTD
HTHORAMBERBIIDO25BCET D, Y v/ REDOEH ik, HEN 6L LD D
THTRIEF—EE% & 52 (Fig. 3), ¥ ABBEREOES \ ILHE 06 L LT L &1 Bk
BLleBn, IbHEhoERAAALLR 5,
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SPECIFIC GRAVITY

Fig. 4. Relation between specific gravity and modulus of rigidity
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SPLECIFIC GRAVITY

Fig. 5. Relation of E/G ratio to specific gravity

WTHHDIC EIGETIIZALDERIbITIIRIADZ LIZ B,

Fig.5. X v, EHEH TR EG»13~2 3@ECH 52, STHEIENLHKEL K E
{IeBE o THEAL, HEO6 L LoARK S TH TR E/G 114~6 0BECIZIE—ET
B, ¥h, REFMEARINDL0D EG HIEEHOZCHEL Thiehphxl, &
HoHhE vz, BEOH THOMETII-,

PETHLMCESICX R P F= Y TR, HEIHOL YL THENTHE, DFD
HTORENELLADEL DR YV Z7HREIEY L, €ANBERBIIENT S, COHH
REST LD, HROMR, BEREE MOBBERE, 25 ibERT, Boer
rR—ALY S VvORKERLHEERUEY XL THLERLHRILETCHS D, LK, EM
BTHERTE7 4 TV ALDERNEFTHOFAICHEL TREVWEVWIEEX L VBT 3
&, HTHERT YV 7 HZEOERS IO ANBEREOWMMNT tbY E/G 0BT
HMEXRBZETHY, ARCREPHEALI DTS EIG L THRRCERY TS ZLn
REAMO7 + 7YV AHA 2 EBBICVRD LI - THETES, LrLIOMEIDINT
i3, REBOFES THICET 2 HROKR L b TRH LTI D L L5,

2.4 EREBEERULAT/HE

EEMCLEL Th THOERBEEIRE G, HARIKHRDME LS ksHmRALR
3, LHL, HTHTRY v 7 HREWNNE WD BRIEAIBEHEE oo/ EY 135 THICE W TIEHR
Mo2fELis, Thul, EEMES THERABCERT 2 EH, EEMNECERTSC
LREHRLTHY, ERHCL, »TERUMOEMCI TEHTICL D1 BES R BRI
KEWTLHTORS TN ELRAREDLAR 2L LKL T35,

ATV v onwTR, RBRABLY SEBAOWUBEAREETH» fofewd, BEOK
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Table 2. Results of the compressive test

Modulus  Stress at

.. . Poisson’s
PN Specbe gl by VEEm THBT o
Specimen Gravity % 1(013;%%’ / L(‘:;)‘t (oc) vir . Specimen
cm? kg/cm? kg/cm?
N-zone 0.3%4 101.8 291 384 0.495 0.351 0.0038 8
M-zone 0.517 88.5 289 453 0.562 0.428 0.0051 9
R-zone 0.643 63.3 253 488 0.612 0.447 0.0077 4

Moisture Content: 12.8~14.6%

FRCOVTREVRIERH 25, HANAERE L U tr BV pr EVCEFHM I 0 B
THRREL Lo T3 (Table 2),

3. E D)

BTELD b K~y 0, FELHTHIE Roone) % ThE %K\ 5 (Nzone) & X
O b OHREE (M-zone) 2 LML AR IC oW THE, FRiE, #iTkIOTMHY v
THRE, ROCILZRPFTORAMBERE, A7V vEHSIVEHBHRELREL 2, BRX
ROLH>CEHINSD,

1. HEOHFIL 0.314~0.705 THh 5%, N-zoneh b DM D HLE LT T 0420 LA FTH
b, M-zone "Ti% 0.423~0.651, R-zone D#fi% 0.503~0.705 & H TOHOBRENZ L\ HiE & HE
NKRE - T B, FHERIFIL 153~778 mm O&HHEKD b ILEICLEIT A EBL S 5 25,
N-zone 2:6 DM TOLFELIH 5 VIXEIE W ik, HER/DZOCHAEREBIZAL - T3
(Table 1 ¥ X t* Fig. 2),

2. N-zone MO v v 7 BRI HELIEBLHC KA L, HEOLFI £ T 90X103~110 X
10 kg/em? Lich, ZhicxtL C M-zone #Cit HEHME by v 7 B EBA BRI L, K
EH 0.6 LD R-zone # T 60X 10°~80 x10° kg‘/cm2 OEMiIc—EL T3 (Fig.3), =0
L5k, FHRELY VI REOELIITHD Nzone D 5 & THEEAD b DILREEM, %
HWAADLDOREEMTCHDEELLRS,

3. BAKTEESREIL, REBMEOFLT, HWEICHMAL TIN5 Em kR (Fig
4), EEMOEARBEREILFETH 6X10%kg/em® TH Y, BIHEOKREWHTHTIX
CDF3ED 17X10%kg/em? WET S, REFM TIREEIVDPEICCLHLFTIEEM & 3218
MEDEZRT,

4. HITRIMZEOHMBEYFHMT 51X H IO EODIREL 5 E/GEC LY, EEHE
BTHEUHEAHLICRFITES, THbBbEEMD E/G 13U ETHY, HTEED
LCDfEX Y BELS D, BB S THTIHS LB (Fig. 5),

5. REBEMICOWCTOERIIFICK 2o TURWRWA, ¥ v 27 HEk Lo A KB
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BECETANEY, W SALTHRAVWHELR R T ZENREDLNRD,
6. ET Vv prr BXO prr it d THI B TIEEH L b L KX\ (Table 2),
7. FHEBEREBEMCEHEL ThTHIRE W, HAIBREHTES TH W L B

X\ (Table 2),
X [

1) TIMOSHENKO, S. and GOODIER, J. N.: Theory of elasticity. McGraw-Hill. 7 &.
2) RE &-ANAT: Ao wvEEEREREcoWT. JEXRER, 20, 1959.

3) WHEA: BBRAKOEHNE. AMHKERRBAMERZHE FHREH No. 67-1), 1967.
4) RE R: AHOBERHECHTHHE MR, 108, 1958

Summary

In this paper, the mechanical properties of Todomatsu fir (Abies sp.) including
reaction wood were investigated. The test specimens were cut out from three different
zones of a cross section in air dry condition. The dimension of specimens for bending
and torsional tests is 2 by 2c¢m in cross section and 34cm in grain direction. Com-
pressive test parallel to grain was made on specimens 2.5 by 25 by 8 cm.

The results of tests are summarized as follows:

1. Specific gravity of all specimens from N-zone were not more than 0.42, while
the specimens from M-zone showed comparatively high density (0.423~0.651) and in
R-zone, specimens were most dense (0.503~0.705). The relation of annual ring width
to specific gravity showed a positive correlation except several specimens close to pith
that showed a slight increase in ring width in comparison with their specific gravity.
(Fig. 2).

2. Modulus of elasticity (E) of N-zone wood appeared to be related to the specific
gravity. The range of modulus of elasticity of normal wood was 90,000~110,000 kg/
cm?  In marked contrast, the M-zone wood dropped slowly in E with increasing specific
gravity. In R-zone, E becomes approximately constant, 60,000~80,000 kg/cm? (Fig. 3}

3. There was a very close association between the specific gravity and torsional
modulus of rigidity (G), providing specimens close to pith were excluded. The mean
value of G of normal wood is 6,000 kg/cm? while the most dense compression wood
(specific gravity: 0.705) shows 17,000 kg/cm? In spite of its low density, specimens close
to pith showed the similar values of G as the normal wood. (Fig. 4)

4. E/G ratio could be an index for distinguishing compression wood from normal
wood, since the compression wood is comparatively low in E/G value (less than 12) than
normal wood (E/G>13). The above mentioned most dense compression wood has an
E/G value of 4. (Fig. 5)

5. From the view of elastic constants, the juvenile wood appears to have some
similarities to compression wood.

6. Poisson’s ratios pzr and fzp become greater to some extent in compression
wood. (Table 2)

7. The compressive strength is greater in compression wood than in normal wood.
As for proportional limit stress, however, the relation is inversive. (Table 2)



