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D EROIME A RS IC R T 5 I EilE A R 5 & LB oM A R T 5 LIcEE TR
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T—HRICTERT A& L, MEORTICORERTHEE L ICERI I N B0, WHEOIEH & LD N
FHL R D Icdic, brEBIO VA Y DORMERECHINLEXIL, WMEOEEEY ThEn
BB L T 5, Lo T, SEATEOSHS L IR 28 0%aa M B & ZA LR OIS
TERET B, Lo L, HEDRMGG TR EOME RIS\ b h, KkE, HEER LD
EOHEKTEEM T EERBROAEHTE LT 2561 <, BB TR o FEERRiE L 5 L3555
EROBEHIET I NSO THEERYLEE T2,

TR TULARF OMETT FNC T UHER.O FERRIS 2 WACREI L, 2o, TRERAVEERIG R & 52
B BRI & % IS h—BHIBRC D\ TR B 2%, b BTN & L S EBAEIME I T
WBILh b B, R L ARRIGEEO BRI O 2 LWIRETH D, ok, KM OMKILHOS
AIEERED BB EE D OB E & e 0, Wb BB X ol TH b, MM L R E D
FREHEE 2 2O T 5 A A e E e, A—TE T b HE A RO T 2 EREMOERIC L O TIS
NEEOEBENRIL DI D Tled, WEHOBMHIZ I FHELVERELRT, L2 T, I 2T,
WA, BRI O % =V = Y SR EL, PR E K X 2 Ml s 5571 £ EDRE
ke, & ORISR BT DAL EROCHRET 2 & L b1T, b iEh—BlRoEIH ke 5

L, RGBT A IEEN R E Lo, ok, ERERSMEICEET A PHERE LT SRy R
TAHEER OIS H—BiA RS, b RETAI LT 5,
ZOERYIT I ICH T T, fox THIFRE L EI0HE 7 £ b oo MESEREE ARV RS, M
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BE/NATRR, MEEMZESEERMRIT MR S s EREIFRT, Rl bhi
KBERROLE Y & ZCBHOTERT 5.

L O® B OB

BT EEE MREED = V'~ ¥ (Picea jezoensis Carr.) T, IREHEKE XL, ERENT
3 HELL A L KRR T B o HERE AR o FRieE LRI b AR 072 b O TH
B8, AEIGHER, K, BKFEOIKWHIILE 1 RKCRT O {ETOLEE ROk, =
V= LTRERMOBCETH D, HELPPEGFCETS & b,

Table 1. SR O

Related properties of total specimens

o g Properties Mark | mens | Meaix d eviatif)n cient of
tested - variation
S N Xpar—Xmin X +S.D. CV. %
SJERRIN Width of annual rings b  mm 108 3.9—2.9 3.3  0.27 ' 8.2
T # &  Summer wood S % 108 17—8 11.4 2.0 ' 17.5
|
It H Specific gravity, at test r. g/cm? 128 0.414—0.368 0.394 0.010 2.5
&
\ 4 , oven dry *R)g/cm* . 128 ‘0.360—0.318‘ 0.340 ©  0.010 2.9
& N 4_ M01sture content u % 128 [ 17.1—14.5 } 15.9 0.69 4.3

* Ry=4rE & /B RESEE = Weight oven-dried/Volume at test.

SEEET (bmm), BAE (S%), FiFKE (amm) LollEid 1/5 mm FFED Zeiss OFHI
BAn—~%RAL, RFOKE ST 120 mm FEEO Vernier calipers % i Lz, 7ok, BbROH
EMEIERF O— RO BT 2 2EFRICOWTORDICEETH D, WP 5 TEEH RICHYS T3 4 0
Thbd, LEFHRNREEY FRNARCRLCKFELE 1, &, SEERYRRISERTHRLL R &
HIRDI.

2.  HBROBEHLUREARKETH

| RBROMEER X ORF OFRE Table 2 31t Fig. 1 K@t k) Chsb, Group T OB
3X3x6em® OFERF I & BHEMEVRCTH v, KWL D ThH%, Group I DERIIEIDLE
172wz o 3X3x3em? DOIHFFREFIC L D HEREGRRTH D, T HOBE L HEH I EHR
(=0 F, =90 ), 45 FHM (=45, =90 B), fEHM (a=90 i, 8=90 F) D=H[FT
H%H. Group M (X EMMEFMICEET 5 THIEBLELIT S fooic, #HflHA, FREELrREo S {82
KR L B EMERBRTH D, FORMRIL 3X3X6cm? Thb, 7, Group N—3 I kiF 54T HT
LEHLTHBERE, Group I—2 TR OMMEGHE B DA% 45 AR S FETHOK
2, FERAGCIXEREA ¢« 3AbIRKXDO L (@=30 F, =45 &) ok dbDThHhb, T
5 PR (o) 3 X OHMEREA (8) (MAERAER 3 X OiMEER 2B H R L T AEETh D .
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I-1(4=0,B=90)  T-2(k=45 p-40)  I-3(«=40, B=40) OL : Liongifudinal direction

2om = 0T : Tamgential direction

N \ OR: Radial direction
TF: TaMﬁﬂMw face

. ‘II
iy B — :|: RF: Radial gau
\ Sa— il CS: Cress acchion
bun o % ] 1 & ° Onigi dagatia of
2NN wasotei 77/ L 3""‘"12 . a?,ut'
f ™ M wnt

E-1(x=0,p=45)  E-2(«=30, p=45) T-3(x=40, B=45) T-4(%=040,=0)

ot: Oniemtation of ommwal nimgs vnﬂt[oa.m%d.ul,wﬁﬁnmt Plame TOR
P". SW*%MMM%WﬁMLORnLOT .
Fig. 1 Classification of specimens belonging to each group.

Table 2. R B o & H

Classification of test

HepomE T ESW mrrw | omom oW o e
Classification of testi direction ‘ Dimension Measurement of defo_x;nlat_lon R
} Strenta. o wena| me | mens B s
P e rienta - T 2R > peci-
Group' HUR B W tion of |Slope of] i Instr::( R REfE | mens
oup ) annual | grain | Loaded ! 'Len th‘ ment |GaugelInstrument Gauge| tested
} ¥ rings g area | g - used lengthi used |length
S @ L I
! degrees degrees’ cm? iE xtetso- I cm | Number
1-1 ﬁﬁfr‘]iﬁ}fﬁ\ 0 S0 | 3x3 6 3 |Dialgauge| 6 | 20
: ] E - .
1-2 458 » . 45 90 ) 3x3 6 ﬁ:{lgf 3 |Dial gauge| 6 18
i E - .
i—3 HEH 7 ke [ 7 90” i 90 | 3:? o 6 _ﬁ(ea?esx? i 3 | Dial gauge ) 6‘1 #?07
\mgjmﬁfgﬂm‘ 0 | % | 3x3 | 3 ‘ Dial gauge T
2 4588 » o~ | 45 ' 90 3x3 3 : Dial gauge, 3 10
-3 ‘ﬁ[a » w90 , 9 - 3x3 | 3 \ ? ‘Dial gauge; 3 10
- Hﬁa THj45 0 ’ Extenso- | T ! |
m-1 | = EUBEH%E' 0 45 3x3 6 |“Reter’| 3 Dialgauge © ! 10
@@ﬁ@]gﬁﬁﬁ 30 45 3x3 | 6 Eﬁ:{’;‘% 3 Dialgauge, 6 | 10
i !
= 5 T 45 B2 ‘ . Extenso- . . ’
3 ﬂﬁUEH’TFJ‘ 90 45 3x3 6 Emeter 3 | Dial gauge 6 | 10
' Xtenso- |
m-4 . | ﬁE [—E lgorﬂ{ 0 | 3x3 | 6 meter | 3 Dlal gauge 6 | 10
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3. E - S
i 2 TR L Amsler 4,000 kg {iliEsUREFPEENEREEC, BB TRIEREE & Urc. &FEBC
7B REO MR, REL A X OSSR A Table 3 <R,

Table 3. i @ %

Loading conditions

o = [ . . o ¥g faf O
at test I increment @ Specimens j N z + S. D.
kg | kg | Number ii?g?/ﬁ'—’{/i/ii'rz i kg/cm?/Min. kg/cm?Min.
T—1 | 400 20 12 5.6—4.9 | 5.1 : 0.18
‘ ” W 10 8 3.7—2.4 3.2 ‘ 0.36
=2 | 49 10 2 } 2.6—1.8 2.3 0.24
‘ ” 5 16 ’
1—3 | 400 20 20 . 5.8—4.0 4.8 ! 0.48
m—i 400 20 9 4542 4.4 0.08
” 10 1 — 3.4 —
nI—2 | 400 10 9 3.4-3.3 3.3 0.03
| ” 5 ; 1 — | 1.7 —
n—s 400 20 - ! 10 4.5—4.4 4.4 0.05
T—1 4000 ’ 30 9 | 9.5-7.5 8.6 i 0.48
” 20 ] — 5.5 —
-2 4000 30 9 1 6.6—d.5 co 0.65
V 20 1 )
M—3 | 4000 30 10 7.6—6.2 1 0
m—4 | 4000 200 10 67—56 62

— R MR TR IS & BOBEFRIL
I IEEER T B 0%, BEE L TR O4ES
TR RS R R T hH bbb I it
W Fed, BIMEASIE ¥ ToERE L ER T
TFEEE, &5\ MTASTRHRE oK/ sk
WEEERNT L 2T %5, Z0OER
TUATZEOMNE S TIRE/ R b FEABEEE
L THDLOWMERESY —FITT 5L
5 Stop watch %L HEHIEI LT,
Fiebb, R—REHZ D 21 #T
BHREHEA L < 5 X 5 s F L JAE
Lic, LosL, @A s & Uik
BEIERT B L&, ThicdisT 58
Eob Lo sy, BFLL—ETh

Phot 1. Testing apparatus
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LI TEIRD DR,

TEIC X 2 &L Phot 1, Phot 2
WRTZ e, B odigiEgic 3cm
DOIERERER 52,  $ER Mirror ex-
tensometer A AL, HE—REDOHIEIT
Xh 1/500 mm JFECllE LI, D
S, SILFREED # 1 7 R REERER AT
HEC, oo AR D
Fico ¥ 5% Ram head 1 1/100
mm ¥ Dial gauge #IE D fF, b ; & i,
ETIMERCEE e E R o &Rk | Phot 2. Setting position of knives and mirrors.
BT RS L, TollsEe X (YUASA’S mirror extensometer)

% I N—EMhEA IR L, SRR ORELRE 5 2 L1 L, 7s3s, Table 2 i3 & {arhfk
HFO%4I: Dial gauge JIEDATHA, Fio, WERKEOLEHMEREL, HENBCKDHY
Dial gauge Cll5E L, B #ILA LC Vernier calipers Tz lI5Z L, FhIJHiX Vernier
calipers D& CHlI5E L7z, |

AESLRIL 1954 4R 4 AR X U5 MICiToheb D TH Y, FERICKHTHRREOEE (°C) &L ORE

3 Table 4 WRT LB THS,

Table 4. RREE R b X OV HE
Temperature and humidity at test.

b=y Ji:a °C bis B %
Group o E‘il?liriture - REIativinmiditY
Ymar—Komin z £ S D, Xowr—Xouin £ +£S.D.

T—1 17.7—14.4 16.3 1.0 88—83 1 3s | 2
1—2 23.2—15.0 17.0 3. 89—80 87 3
S 19.8—15.6 18.0 | 88—74 85 5
m—1 ‘ 19.9—19.4 | 19.6 0.2 9494 ! 94 .0
m—2 | 19.7—19.5 19.5 L 94—94 | 94 | 0
m—3 | 23.0—18.6 | 2.0 1.6 94—90 ‘ 2 2
T—1 20.0—19.2 19.7 0.3 8989 g 0
TM—2 20.0—14.5 16.1 2.0 8987 88 |
—3 18.5—15.0 7. 1.0 88—85 56 2
T—4 24.0—19.0 22.6 2.9 9585 88 4

4. REBOREHR®

—RRCH B OMEENIERE R R TH S AR IS, R, MR ISR IEL T 52, BIER
DYFRIIPIRISHAVINE <, 230, HEREL MRS ORSEAL I RS 250, LA bR
B OFMCIEFFICER LT WOT, FEHCH 2T X & A BREO KN FEL 0T
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5. HAEOBEM TIRIEARRIS ) & MR O LB RD D Z LA FE LT B0, I DERTROLHEE
DYPRSEF IO\ TRICTER B

4.1. BIREH o, (kg/cm?)

WERREE OFERIIREE T H B 1o D PRSI Lich’, & OIS —3E i fo\ - TEdiA Sl
BB R AN T B ISR RO ITRD b DbIT Th B, UL, BEMEOBEITELORRS D
DT, HBREONE, HELAA, EHFENEGLOFBESCHHEIN, BRI O YRET 5L
BLTHrLv, 2 TRABDPIVERBLZHEHL, WEAAZIRS LTlIEOEAEML, 5H—F
HifRa D b4 THEGET S O & B 5§ OIS % BRI & Ui,

4.2. LBIRE & (%) )
HARSACKIS T 2 B2 BRI & Licht, Extensometer JIEIC & 2L 74 7 2 H T 1R
AEOE AR 2ETH v, Dial gauge HIEOBIRA ORI T5ETH S, ¥k, Dial
gauge DBFEIRERFT O LT & MER £ OEEEChH, BAME O EFRASCEI SN 220D, 1§
SI— RO BHI OIS 7 FENC XS LRl & 72 B @R 5725, 2eh BEEIE LIRS 4L
BLT, Sl b s AL EREOM L LTHIRI TR 1.

4.3. BEMEH E (kg/cm?)
MERRBUL op/ep TR LA,

4.4. LEFIRIEMAEE W, (kg-cm/cm3)
HOIRILA BT B ARRY ) DGR = 2L F—%FKb L, 12 0p - & TEE LK.

4.5. BREBLVZOE oy (kg/cm?), & (%) '
R OERTITC AW HH B0, BUEMROB A IR b ANERE T 5 B RES R L2
TEI D LSO T—RINIIREFRIEHCH S, L >TEHEIL Fig. 4 © Z & < g kF
FRNDFERAT BT I 2 BT IHHRR THECf T T2 TIRERR L & v, Fig. 2
D & KFEH RO ERAT B T3 & TR LR T B e R L Lic. 45 EER
FrOBa £ M OMEE» TR TH 51 Fifid 5 2 L EIB L, MRkt 2E & &K

o, oyley DfEx Ey & LTEIHE L,

4.6. 5%, 10% ZT|IzkiF 37 os(kg/em?), o (kg/cm?)

BUEROBEIATED & & < —RICHR I B4R, &2 WILBIRR S OPvEr B cd 70, ¥k
BEHEHL LA RIRIRIC S60) B 51— TBBE R A KI5 2 I F R e, LRedi DT & Tl E
HBORRFERCEE L THLBRAISE LD T, 5% RI UV 10% OB BT BISHE FNEN o5 o1
L LTR®E, ok D& DEL Dial gauge CRDILL DDA THB,

5. = B & R

NADHEIC & IR BI L, SR 80 5 AR s — e RRT 5 L & b1, A
L EOBFRA LT 2 EHEAOFE, WEEAOKE, BIEHEOERS I ORIROERC LS
SRR L, ThbORIEREELRDT S S LIcT B, 7l 5B ERIC R B B BE
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CENBTL s DT, H 4 OFF AT 2 R A IR L BT 5 L &b, e Est
D=2 LI\,
5.1. [ h—EdhfRo—xE
5.1.1. 1B A REEEREEh—EihiR
Zhik Group I—1 IZET 584 Ch b, Fig. 2 = Extensometer & Dial gauge Jll52ic & 154
— RO — R . B b T b B, ERIC I IR T B L T I\ E B S, B
kA HWBEHE AN DRI EHEY T 5, Extensometer s X AHI#R T, A 2% [HiEcET %
L REMEATEAE L SR LE LD, MRS EICET L 70> T <, Dial gauge filzic & %
IR CIRZEA" 2.5% L C Z OHIRARS , ZORE & 2 CRBRA L L2, WHIEERC X 5B
MMIBEALRLTH B, ik, WAomRICST 5482 5E L Dial gauge s, iy o
PSR T B BTED Zoa 52 L7z Extensometer i X 0 ¥ TR b, 2>, THEREC 7D
RERHBAEDBIND L5 & XX, SREMEOZTEA RIS & b IR Th B 2 L2 Kb LT
%o
o, WAERC X % EREOFM (Knae—Xnm), WM (), EUERZE (S. D) kX CBEREFEK
(C. V. %) %% Table 5 K73, z\rp@ a (mm) FRFOEFECKTHEMEHOKE (Original

Table 5. H A FHEMHRBRORER
Results of Group I—1

‘ | Extensometer readings to Dial gauge readings to
‘ ’ 3cm central gauge length | 6cm total gauge length
\Speﬁi' Stan- | Coeffi- Stan- | Coeffi-
Properties Mark mens | Range | Mean| dard cient of Range | Mean| dard |cient of
devia- varia- | devia-| varia-
| Xnar— tion | tion |Xuawe— | | tion | tion
| . N | Xunl ¥ [£SDJCV.%| X, % £SD/CV.%
Width of - a"?ﬁf‘; | b mm | 20 B9-28 31 027 9 3.9-2 si 3.1 027 9
3 :
Summer wood S % 20 | 16—9 1 13 2.0 15 16—9 | 13‘ 2.0 15
Angle of annual . I o S
rings degree 20 0 1 0
Slope of grain | B degree | 20 — 90 — — — 90 —_ =
Original sagitta a mm | 20 ‘5.2—7 8 3.4 0.7 20 5.2—2.8 3.4 0.7 20
Specific gravity 4 0.414— : | 0.414—
at test I g/cm? 20 0.380 0.399: 0.011 3 0.380 0.3 99‘ 0.011 3
. 0.360— | 0.360—
7 7 ,oven dry Ry g/cm? 20 0‘328‘ 0.346 0.010 3 | 0.328 0.346} 0.010p 3
Moisture content u % | 20 "', 152 o8 3 M1 152 o.5‘ 3
| . .
Stress at propor- N 14.5— | ‘ ~ 15.6— |
tional limit r ks/cm® | 20 9.0 1.9 L6 12 7o 1223 28 19
. 0.423— . 0.590— I -
Strain at P. L. &p % 20 0. 377‘ 0.378 0.028 8 0.349. 0 445 0.0JI‘ 11
Modulus of 2 3570— 13190— | ! 1
elasticity E ke/em 20 Sao0 3150 334 11 . oo‘ 2750’ 3291 12
~ 0.0300— 0.0560— |
Work to P. L. \W; kg-cm/cm? 20 | 0.01810-0227/0.0041} 18 0.01470-02740.0078 28
Stress at yield N 26.7— 136.8— ‘
point T kg/em 15 g 345 2.8 8 TV 343 28 8
— 2 . i
Strain at Y. P. &, kgfem? | 15 2% 92 02 6 F8 22 024 9
. 2180— 1 ! 1650— | oo |
ayley E, kg/cm? 15 350 1810 200 11 PR 1870 132‘ 19
Stress at 5% | s - o ___ 38.4— -
Straini o5 kglcm 15 ’ i 30‘3‘ 3. 2.5' 7
Stress at 10% 139.0— !
strain o1 Kelem?® |5 — — - = 0.5 359 2.6 7
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Fig. 2. Stress-strain curve of specimen belonging to Group I—1.
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=
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Fig. 3. Stress-strain curve of specimen belonging to Group T —2.
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sagitta) OFHETHD.  DEREDIENFILAIRIE D 3 5L T©H Y, Ey 13 E 016 HEET
& 5 o

5.1.2. ASEEAMIEERRIEH—EhiR

kit Group I—2 LETAHE&THD, Fig. 3 Extensometer » Dial gauge JI5IC X 5157
—FEHRRO —BIERT. T OBAIRERERS A E o TEN <, BIHMEREDVN S\ e s, KVHE
TERAHERL, HREOEE VNIV, HMSHED S BV DIEB L o TRIBT, \Whd B
ROWRFELEIRE L TCW OO THilE L & 2123 %, il OSSR S B Wi e i\
Fr LT\ b, ks, HHTREZ LT Group T DfldH4- L B b, Dial gauge HiERANZ LA Y5
#n b Extensometer iR EANC S D, MEPEAT B0 T KEWCBEE L TR L EHRS H 5
e THBHo THNIHIIC B DA b T WRHRC 5 B 12, Z DI AT SHRENE L b
KChHIEBRL TN 5,

Wil & 5 BillkHRE Table 6 iRy, MR Wid 750 kg/em? FRETHH Z £ &, Dial
gauge JISEIC X 5 EGREAS Extensometer I L A{EL h RRKRKEVI L, on & o5 DEPHEBA
EZ X Group T DDA IL LIFMAATH S,

Table 6. 45 BEEJ5MIBHHRERBR D RIE

Results of Group I—2

Extensometer readmg=, to Dial gauge readmga to
. .| _Scm central gauge length | 6cm total gauge length
Speci- Stan- |Coeffi- Stan- | Coeffi-
Properties Mark ymens | Range | Mean| dard [cient of| Range | Mean| dard |cient of
devia-| varia- | devia-| varia-
Xonaw— tion | tion Xuqe— | tion | tion
i _ N KXonin X :‘ZS D C-Y-O(I Xln.inl X :I:S'D- C'V- /0/6
Width of el bomm | 18 343l 3. 2 0.0d 8 3.4—3. 8.2 0.09 3
Summer wood S % 18 ! 14—8 | no1s 9 | 14—8 11 1.5 9
Avgle of a“‘rl;lna;s « degree 18 | 50—46 . 48: 1 2 50—46 48 12
Slope of grain B degree 18 -, 90 —_— — — 90 — =
Specific gravity 5 0.413— | b oms 0.413— |
at test] T g/cmi 18 0.389 0.401! 0.026 2 0.389 0.401 O.OO()i 2
o 0.360— | oenl o 0.360— .
v » ,oven dry] Ry gfcm3 18 0. 340 0-350. 0.008 2 0,240 0.350 0.008 2
: 15.5— . 15.5— |
a2/ 0 !
Moisture content| u % 18 14.6 15.00 0.2 ! 4.6 15.00 0.2 ]
Stress at propor- | 3 5.09— 6.23— G| -
tional limitl 7 kg/cm’ 18 3.3y 417} 0.50 12 ;.58 5.98 O._9l 5
. 0.699— - 0.849—
9/ i
Strain at P. L. &p % 18 0. 435 0.557 0.016i 14 0.706 0.782 0.047‘ 6
Modulus of - ! ! | ,
- E kg/cm? 18 797—707 750, 24 3 808—727 767 20 3
elasticity] | O o176 i I ‘O 0260 ‘
= 3| ~ = =,
Work to P. L. |W,, kg-cm/cm 18 0. 0073|O 01 180 O’J30| 25 | 0.01990 02350 OC)2ul 11
Stress at 5% - : 120.0—
strain 05 kglem? | 15 -] = 4 s 192 0e 2
Stress at 10% N P 123.2— 2 5
strain [20) krg/cmAi 15 | ‘ — = = 21,2 22.3 0.5‘ 2

5.1.3. iEESMEERD I —ER
ciuk Group T—3 KB A4 Th h, Fig. 4 © Extensometer ¢ Dial gauge fll5E X 5577
— B~ R R, ORI 230 e D EE, oW FEBIRER A R LT B /A 0.7
% WHEC\ @ BIEREDGED b, M) DWHEEA~DIEBIR X ho TAMTH Y, ZosrTE
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Fig. 4. Stress-strain curve of specimen belonging to Group I —3.
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B LBV AR LI UY, FEIIARLY HERY ) KT 2isiE—soREch 5, Liexn
DO THFRMEEERE & A EFTI 2T <, 7ok, B Tk Dial gauge phiitss Extensometer
HiR & O EA TS D TR H D DS, COEEYEED LIGL A LELARIAS . LarL, SHEOZE]R
EHETEEN 4% HmcEds e, L HNENPRARETH 2T, TiunbLIg
GRS LD L 5 IBEBRC e B N Th B

mlEsT X 2 HlFZR%E Table 7 1R$. #rho a (mm) EEF O 2 &EHOIGKE

Extensometer |Z

Thh, Group I—1 DA LIXEKENRLD Z LIER L TR LV BRI LGRS D1
2fETHH, Ey X E O 7THRERETHS .
Table 7. HEFH FF R EMTR O
Results of Group I-—3
. ; ‘ Extensometer readings to Dial gauge readings to
: | 3cm central gauge length | 6cm total gauge length
‘SPeCI' Stan- |Coeffi- Stan-  Coeffi-
Properties Mark {mens | Range |Mean | dard [cient of| Range Mean dard |cient of
devia-| varia- dev1a- varia-
} Xmax — tion tion  [Xpaw— tion ‘ tion
- N Xmin X |1£SDUCV.%  Xmin X | £SD.CV.%
Widthof anaual \ -y |20 3734 8.8l 010 3 B7—5.4 G5 0.0 3
Summer wood | S % 20 | 15—10 12! 1.1 9 15—10 12 1.1 9
Angleof smnial | o gegree 20— o — —  — W — -
Slope of grain | B degree 29 — 90| —_ = — 90 S
Original sagitta i a mm 20 1.4—0.9 1.2 o. 1‘ 8 11.4—0.9 1.2/ 0.1 8
Specific gravity ! 0.411— - 0.411— .
at test| r, glcm3 20 0.: 90\ 0. \596‘ 0.005! 1 | 0.390 1
| —_— 354—
7 7, ovendry Ry glom? | 20 0. 3(5)‘_‘336 0.342 0.001 0-354 1 0.342 0.001]
Moisture content u % i 20 ]6‘2]_5 7\ 15.9 0.1 1 16’7E 5 15.90 0.1 1
Stress at propor-! N 20.0— | 22.2— .
tional limit C» kg/em® . 20 5.4 1622 149 ]3'4‘ 17.4 1.9 11
. . 0.253— 3 0.306—
0, > )
Strain at P. L. | &, % 2 0. 184 0.221! 0.021 9 0.218 ; 0.266) 0.023, 9
Modulus of | i o 8250— | i | 7280 | ol
elasticity, E kg/cm 20 6550 73400 435! 6 5500 6470 \./94‘ 6
0.0252— | 0.0354—
2 j 3 | | 5
Work to P. L. W, kg- cm/cm 20 O.01230.0180|O.OOVO. 17 0. Ol%,o 023 3100041 19
Stress ct yield g | . 37.8— | 36.7— | 4. - i
point oy kg/em? | 16 | 29.0 32.7 2.5 8 28.9 ;3].\_:‘ 3.0 10
Strain at Y. P. &, % 16 0'783;3‘ 0.658/ 0.034 5 ° 98556) 0.645 0.098 1f
6130— 5620— ’
T yl€y E, kg/em? | 16 a0 5020 485 9 VO 4970 407‘ a
Stress at 5% 2 . 37.8-— ‘ .
Strainl 75 kg/cm 16 — — 31‘2‘ 53.9 1.5
Stress at 10% | . ) ! [97.9-~ ‘ .
strain! 0‘1? kg_/_(.m 16 — -— — - 5.5 S44 1 8‘ 5
5.1.4. #RB 45 EBYEREES N —EHE

ik Group TI—1 CET 54 THhH, Fig. 5 1@ Extensometer » Dial gauge M52 X A5
—ZEHHRO— % R, BRE 5 MR 5 H— BB IR B LT b, M) & WA~ 0l
BERYT, 3 2% fEah DA L TP 2% OIS, EGRE  FAIRAUS S 3
i Fig. 2 X hRThsb. 7ok, Fig. 2 o4 L B ) Extensometer s Dial gauge HiffzNz
LALERY, EN 0.5% [k x % Lis LA Dial gauge iR 5 23 AT ie > TP <. Skl
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77 45 JEIC HBIRT\ B 7200, S5t LOR TICHYS T OL HREIC b oo Tho 3. 4
BHEL TS 2 MBI TNEEC OSSN, SR 72 TL 50T, WO 725N
ESEOBRERCE ol By,

MlEEC & 5B Ry Table 8 R$, Kiho a (mm) BRFOERICHT 5 &FMOFHR
BTH oL, HHEEM2 46 EHUN TV AHETHD 05, REFMEEREA L 0 e i
LONERTH %,

Table 8. #RHE 45 FEHGIEMEERORR
Results of Group TI—1

‘, " Extensometer readings to | Dial gauge readings to
.| 3cm central gauge length 6 cm total gauge length
. Speci- Stan- | Coeffi- Stan- | Coeffi-
Properties Mark mens | Range |Mean| dard cient of| Range [Mean | dard |cient of
devia- varia- devia-' varia-
‘ Ko = tion tion  |Xpq.r— tion tion
N Xoninl X |+S.DJIC.V. % Xpminl X |£S.D. C.V. %
Width of a";‘iiagls b mm | 10 B4—29 3.2 008 3 3.4-29 32 005 O
Summer wood | S % 10 | 17—8 11 2.3 21 17—8 1 2.3 21
Angleof annual | 4000 10 | 50 3 2 70 5—0 3 270
rings ‘
Slope of grain ‘ B degree 10 — 45 _ — — 45 - —
Original sagitta ‘ a mm 10 [2.1—1.0  1.5| 0.3 20 2.1—1.0 1.5 0.3 20
Specific gravity . 0.393— 0.895— | A & .
ot toq T glem® 10 0.3g3| 0-387/ 0.003 1 0_383‘ 0.587| 0.00% 1
p 0.341— '0.341— ; | )
7 7 , oven dry] Ry g/cm3 10 0.331 0.336| 0.004 1 0.331) 0.336] 0.004 i
Moisture content u % 10 15'7‘Ig | 5.8 0.2 15'75 | 155 0.2 1
Stress at propor- ' N 30.3— 5 33.7— "
tional limit 7 ke/cm? 10 Se0 8.0 2.6 9 20.2 311 4.0} 13
: \ o 0. 430— ‘ 0.456—
Strain at P. L. &y % i 10 0.301 0.353 0.031 9 0.355 0.418| 0.031! 7
Modulus of . 9030— 8250—
.. < ms | 2 2
elasticity E kg/cm! | 10 5480 8090 952 12 5730, 7430 673 9
; ; 0.0554— 0.0764—' |
: - 3] | |
Work to P. L. W, Ifg cm/cm3| 10 0.04707370.04‘?30.0052‘ 11 0.0357 0-06560.0118 18

5.1.5. Z2WBEYIERRISH—EHR v

ik Group MI—2 WET 584 T4 », Fig. 6 1 Extensometer » Dial gauge Jll5sgic X 5250
—BHHRO— % RT, & OMBIIERO 5 bix Fig. 3 WHELL, EESTSIMATH Y, B0
5D T THIEN T, BAROMRLHIETHS, L, BN 1% LB L 5 L BEOHETI B
L, HUEEECR LML 72 ), B0 ERETIRE AT o R L i Ie 0 BEE L, 2% 5
BAREBZENHEARL, SO HBHEEEICK LMEE 2L o208 T L Td <, Titbb, LREO®R
R EBR OG0 v, RIEE S B 2 DOBREN S B X 5 Inliiiiy 7T, H—FEEELER O Uk
FROE ) B EENTH B D, FERI I CERFRCEL TV 5100, H5MEBIERTT & 201
AR b, EIEBRCEBIT L ©ik LOT it OL BRIz b 2Vl /e s Dh-4 Lide
Vv, BEEERCTHL DB NSMHIEMTH Y, SBOMFICE et hudiebioy,

i & 5 @Ml HA Table 9 1iRd

5.1.6. #EH 45 EEYIERRHI—EiHiE
Tt Group —2 BT 544 CTh b, Fig. 7 iZ Extensometer ¢ Dial gauge JlIFEIC X 5150
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Table

9. =T 08I EHERIR O
PResults of Grouplil—2

| Extensometer readings to
3cm central gauge length

— 119 —

Dial gauge readings to
3cm total gauge length

Speci-| Stan- | Coeffi- Stan- Coeffi-
Properties Mark mens Range Mean dard cient of Rangs Mean dard cient of
devia-, varia- devia- varia-
Xma.c— - tion - tion  Xyae— tion tion
- N Xmin X +S.D.CV.% Xmin X £S.D.CV.9
‘Width of annual N
rings b mm 10 — 3. — - — 3. 4‘ — -
Summer wood | S 2 oo - 9 —_ — ‘ 9 _ -
Angle of am;;‘;;g « degree 10 ©2—29 3 1 62—29, 30 13
Slope of grain B degree | 10  44—40 } 42 1‘ 2 44—40 42 | 2
Specific gravity 3 g | 0.398— . ; 0.398— a :
“at test v glem’ | 1070 gg, 0-396 0.002 0,399 0-399 0-002 1
. 0.344— PN 0.044—
7 7 ,oven dry, Ry g/cm? 10 0,54y 0-342 0.001 1 5.34; 0-342 0.001 1
. — ) 2—
Moisture content u % 10 16. 715 4 15.9 0.4 2 16. 5.4 15.9 0.4 2
- 3. 7— 22—
Stresstiitnglrc};i)?;it op kg/em? 10 1"‘71 g 122 19 18‘“]3.6 16.2 1.3 8
Strain at P. L. | &, % 10 2% 0591 0022 1 0-670 C 0.550 0.061 11
Modulus of Joa 3530— P o 3510—
elasticity E kg/cm 10 2700 Ol 50 01 10 2700 2960 248 8
3 0.0306— 0.0607—
YVoti(»t(’) P i ‘W], kg-cm/cmf 10 ‘ 0'02040.02‘%09.0343 18 O£3500'0447 0.0080 18
Table 10. AEHME 45 FEH G MR O A
Results of Group 1II—3
- " Extensometer readings to 'Dial gauge readings to
| 3cm central gauge length 5cm total gauge length
Speci- Stan- \Coeffi- ' Stan- . Coeffi-
Properties Mark mens | Range Mean dard 'cient of Range Mean dard cient of
devia- varia- ; devia-' varia-
‘ Xmaz— tion | tion Xpqi— | tion tion
N = Xy X #SD.V.C.%  Xmis X +SD.C.V.%
| |
Width of annual | \ b mm 10 o 3.7‘ I 3.7 — —
rings| ' |
Summer wood i S % 10 — 10 — - — IO‘ —‘ —
Angle of a“‘:fjgls‘ « degree | 10 — e 90 - —
Slope of grain | B degree | 10 | 47—43 44 1 2 1 47—43 44“ 1‘ 2
Original sagitta | a mm 10 —_ 1.5 —_ — | = 1.5 - =
Specific gravity | o grems 10 (0986 10,575 0.006 2 0950 0.375, 0.006 2
! 0.334— | 0.334— | ‘
# » ,oven dry. Ry g/cm3 10 7 0.318 0.324 0.005 2 0.318 0.324‘ O.OOSi 2
Moisture content, u % 10 16'3E 5 15.9 0.2 1 ‘16'3;; 5 15.9“ 0.2 1
Stress at propor- | 2 43.9— | 54.2— i
tional limit 7 kg/cm 10 30'5‘ 3.2 3.7 10 37,1 46.73 6.4 14
Strai o 0.341— | o e 0.560— oo
train at P. L. &p % 10 0. ,)33\ 0.265 0.038 14 0. 405 0.475 0.050 11
Modulus of ; 16000— 11800— ‘ \
elasticity! E kg/em? ‘ 10 9900\ 13903 '940\ 14 8300 9870‘ 1040i 11
. 0.0696— 0.152—
Work to P. L. W, kg-em/em? 10 (09°05-0.04790. 0090 19 5,082 01120 25
Stress. at yield N 71.2— 71.2—
point o, kg/cm 10 50. 4| 58.5 7.2 12 | 50.4 58.7! 4.9 8
. 895— 0.853—
Strain at Y. P. | &, % 10 81 0.563 0.000 7 0 0.7041‘ 0.070 10
o 13700— 10300— |
culey | E, kg/em® 10 U700 10809 2140 20 MO0 s360 882 11
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—BURD xR T. Z OMEIL Fig. 4 WIRFT X <HEEBLL, WHET 8B, ABERE 270
TBc, BRELIAETSH D, Z OBRAIC I TS H— B EBICH LV IKEF RS RT L,
B~ 7 LTRSS b D . ph BB EE B RSV bD DS L. LAL, &
DRk T ETHDIIFEOZINLS 225 MBHIHEH FRBEROME & 0 & EAMEME R LA biltA
TOL . HORES, MMEGREL BRAIEE LR FREEROSI & L Y RThD

WillsEE ;é@Mﬁ%%Tmm10uv?o1P©a(mm>1it45FL*ﬁ%kkﬁﬁoﬁ%
DARAE BT, AN 5 FFEROFEEETH D BREISIILIGIREA DR 1.5 fTh
D, E, 13 E ORI 8 EIRETH S,

5.1.7. WERERH—EHE

it Group M—4 ZET A4 ThH O, Fig. 8 i Extensometer ¢ Dial gauge JI5EIC L %577
—EliEE R IEOBEMOB I L, TG0 &ho TR, FEMCR-T 5 EiRfH L5 i
KThodZ 2k, RECRTHRE A FEEFEE B & LTI —HFR TH 5. Wb DR
LUFRETH D, IOV THV Y~ 7hbbbhs, Lirl, TORETED LPEERIIEAL,
REIFTOERNEIE D BT LRI L TP o Tl b, BREHIRIST & 70 s 2 L2 BIERR
SH—ERB & B D TH D 7ok, T OERTIIRTEMEALLRRAGE <, S ol < 12 FERHRAR
Db B, Wi B EREH AR & i T e, BRI St % Dial gauge BiR OIS
DR Y NE L T DT B

Table 11. R DORE A
Results of Group Wi—4

) | Extensometer readmgs to | Dial gauge readmgs to
‘ ) | | 3cm central gauge length | 6 cm total gauge length
iSpeci- | Stan- | Coeffi- | [ Stan- | Coeffi-
Properties | Mark 'mens | Range |Mean | dard |cient of Range |Mean| dard |cient of
| ‘ devia-| varia- | devia-| varia-
Xomar— tion | tion Xpqe— tion | tion
N "X X £SD.CV.% unl X |£SD.CV.%
|
Width of d“;?ggg b mm | 10 B.o—3.1 3.6 025 6 Bo—o| s.d 02 e
Summer wood ‘ S % 10 10—8 | 9 0.8 9 10—8 9 0.8 9
Angle of anr;t::é | a degree 10 ’O or 90 - — — [0or90 - —
Slope of grain B degree ; 10 ‘ — ‘w O' —’ — o} - —
Specific gravity : :0.403— }o 403— o
at test ™ g/cm3 ‘ 10 0.3811 0.388 0.008‘ 2 0.381 0.388 0.008‘ 2
7 7, oven dry’ Ry glem? ) 10 -3 10.333 0.007 2 0. S0 s 0.333 0.007 2
Moisture content) u 2%, ‘ 10 ‘17'1; o 165 0.4*’ 2 ]7'1;) 0 16.5‘ 0.4 2
Stress at propor- | g ! sy o | o
tional limit, o, kg/em 10 223—200 220‘ } 3  |228—175 200‘l 20 10
J— 22—
Strainat P. L. | & % | 10 0'257194! 0.207 0.008 4 O l0.497 0.072 15
Modulus of ‘ '115000— | 5 44000— | ¢ ‘
elasticity E kg/cm? 10 } 102000“07000‘ 41001 4 26900 40.)00l 2180 5
! i 0.248— | i 0.671— .
Work to P. L. W, kg-cm/cm3 10 0.195 0-228 0.014 6 0.369 0.504 0.123 24
Stress at yield S, _ 5 ) 5 2 lapo—o > 5
point 7Y kg/cm 10 [300—284] 291 6’i 2 1300—284] 291 6 2
Strain at Y. P. | &, % | 10 ‘O By 0339 0.027| 8 "‘550—% 119 0.15 13
colEy E, kg/em? | 10 .{%5(7)2700\ 86200 5890 7 '\304?850 24800 2800 11
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Properties

Width of annual rings

Summer wood

Augle of antual rings

Slope of grain

Original sagitta
Specific gravity

at test

v 4

Moisture content

Stress at proportional
limit

Strain at P. L.

Modulus of elasticity

Work tc P. L.

Stress at yield point

Strain at Y. P.
aul€y
Stress

Stress

, oven dry

at 109% strain1

|

|
|

at 5 95 strain !

Mark
b mm
S %
a degiee
B degree
a mm
r, glcm?
Ry g/cms3
u %
op Kg/cm?
&p %
E kg/cm?

‘W,, kg-cm/cm3!

o, kg/cm?
%
E, kg/cm?

€ i

o5 kg/cm?

o1y kg/cm?

Table 12.

3x3x3cm? LA OFERERR o5
Results of Group IT—1, 2, 3

Tangential loading

| 45" directional loading
|

Radial loading

‘Speci-

mens |

10

N |

. Range Mean
Xnar—
Xmin X
| |
5.5—3.0 ‘ 3.4
|
13— 19,
‘ i
| - \ 90
| i ‘
} 1.7—0.5 1.0
0. 40— .
0.074 0-592
0.342— i
2 ‘ 2
0.321 2336
17.0—16.8 16.9

22.3—17.8 20.0
0.955-—

0.793‘ 0.877
24492060 2280
0.1180— |
P 76600901

|
35.7—31.1, 33.8
3.22—2.59] 2.78

1350—1090 1220
37.2—31.7

37.2—35.2,

Stan- | Coeffi-
dard cient of Speci- Range
devia- varia- |mens
tion i tion X r— tion
+£S.D. C.V.% N Xpin X |+S.D.
o.17>‘ 5 ‘ 10 | 3.8—2.9| 3.4 0.28
1.6 16 10 14—10 120 1.3
- — 10 51—36 42, 4
- ‘ 10 — 9 —
i
0.4 40 | — — —! —‘
0.008 2 | 10 O 0.391 0.008|
| .283 |
| 0.349— | o oo ‘
007 2 | 10| 0.350 o.¢38r 0.007
0.1 1 ‘ 10 16.2—15.6 16.0 0.5
.4 7 | 10 7.81—5.55 7.00 0.72
0.049 6 ' 10 [1.18--0.84 1.05 0. 101
‘ |
124 5 10 ' 721—629 666, 24
; ‘ 0.0458— | ;
0.0137° 15 ‘ 10 ‘ 0. 02330-03700.0070
R A
B ’ - o -
89 7 — } — N —
' ]
1.9 5 10 }19.8—16 2 18.0 0.9
1.5 4 10 \22.4—20.1‘ 21.2, 1.2
‘ 1l

tion |
CV.% N
8 [ 10
11 10
10 10
— ‘ 10
— | 10
2 i 10
2 10
2 10
10 ’ 10
10 10
4 i 10
1910
— 0
— 10
o
5 10
6 10

Stan- | Coeffi- !
Mean | dard (cient of Speci-|
devia-| varia- 'mens | 1

' !
Range |Mean

Kpar— ~
Kwminl X
3.5-3.0| 3.3
14—9 ‘ 11
J— 90.
— | %
1 1.8—0.6 “ 1.1
!0.408(;391‘ 0598
029 0.0
17.0—16.7, 16.9
28.9—24.4‘ 26.5
’0.5670—.%51 0.510
5560—4910 5190
;33.5—31.oi 32.4
0-949" o 0.789

‘4650—35 10 4140
|
36.2—23.0 34.8

136'5—34. ]‘

'
t

35.0

Stan- | Coeffi-
dard cient of

devia-

tion
+S.D.

|

0.0%5
0.005
0. 1:‘
1.8
0.003
183

0.0091

varia-
tion
C.V. %

GHITD (1) MO DTy
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Wl A EHEEY Table 11 id. MEAEDRIMARGENOK 1.3 (5ChH 0, E, L E
OHI8HTH B, Dial gauge OUSEIIMEEL LRI N TH DA, 0y 1k oy DI 1.5 fETHY,

E, % E of) 6 HRETH B,

5.2. BROEEICL3EH

N B R T S L ERIEN OF &R ERIER e 32 2 L2384, B nd s
KOO H—EURRE LI THHEN R HDH LB . LaL, SO X5 IGa IR s
LI O TRATEIRIC L D THMEMREN DT B % Lt LI T, & 2Tk P Yk
UL, 3x3x3em? DYHABIIC X5 EN—BRR R K1, Tibb, Group I CET 588
T b, FlE Dial gauge ORTFO, B, 45 Bk L OHEN D ZHHBEFDOH A% Fig. 9
CRT e WEROBE L TEOY & Thrha B L s h—Filia R L T2

EFHMC DT EREI RS A Table 12 107345, RRFOATE a (mm) (3KE, EHW
Thotjg b A—URCHT 2 TH Do MRRIEIREFROBEIPIRIEN DI 1.5 TH Y,
MEH AR D43 1.2 FTh b, B, IRAFAOHEEIL E D6 HTH Y, EHFROEHEILKIS
HThs.

Teds, itk Group T o Dial gauge i< X % #MIfE & LT+ Table 13 D& {75, i
3x3x3cm? DAk 3X3X6cm® OWIHE TR LI b DTHD, o4 05 o EOWHRITHIT S
ARG L A EZESIND, o) BIO Wy 3b7e bR L, E $ELO E, URL TV Z &A%
b, &, B R X OWE F B RIS OB & 0 R ZE D S T AR Ok 2 f & e T b
T ERBBS B, SRS 35 B ATEOKKERIZIEE L\, BRI T i TV B T
HThHD. 45 ERF OB HPIREL NI OB EHINL T gV 0lk,  3X3X6cm? Ry ok
B D RS ERERIC BE L\ e b AT LR & e izl 5.

Table 13. RO ICL2#%  Group II/Group 1

Comparison of results as influenced by height of specimens

~ " Loading direction

Propertiés — Tangential 45° directional Radial
Stress at proportional limit op 1.6 ' 1.2 ! 1.5
Strain at P. L. & 2.0 1.3 1.9
Modulus of elasticity E 0.8 0.9 0.8
Work to P. L. W, 3.3 1.6 2.9
Stress at yield point oy 1.0 — 1.0
Strain at Y. P. &y 1.1 — 1.2
e iy 'E, 0.9 — l 0.8
Stress at 5 % strain | o5 1.0 0.9 ‘ 1.1
Stress at 10 % strain [ o 1.0 1.0 ‘ 1.0

I
|

5.3. FRFAALBMERBLCLIBE

AHCIRIRDEBSL:, 35\ EARIRGAC X D~ 0 H ML 505, RHREFHEETH S
7o, T OMEERMEREL FHRETE L AT S G, LT, ZOREOHIME TR b
B, TkOHERAEm L ThAHE Lic$%, Table 14 = Extensometer JlI5EIC L 5 AFEITHE R4 7
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I, R D —DTh B EIEREIC DL T AL, OL FRAEAT 107,000 kg/cm?, D¢ OR
[ 7,340 kg/cm?, OT FRA 3,150 kg/cm? ThB, Joks 45 FERF OB & OMMERENIIER 45 &
HERF (Group 1E—3) 2%k & < 13,900 kg/cm?, DWeiREH 45 EEHEMA (Group m—1) 2
8,090 kg/cm?, 45 EHFFIBEEMRS (Group I—2) »ygd /& L ffins 750kg/cm? Th 5,

Table 14. EIREUE & SR X b

Results as influenced by Angle of annual rings and Slope of grain.

| Extensometer readings to 3 cm central gauge length

Properties Mark ‘ Plane LOT ' Plane LOR \ Plane TOR

| - 4\ -1 ‘ i-1 ) m-4 | m—ai 1-3 1= 1 1-2 13
Angle of annual rings | degree O[ o 0 90 ; 90 0 45 90
Slope of grain \ B degree | O‘ 5} 90 ‘ 5 99 90} 9 90
Stress at proportional | o jegemr | 220 28.0 1.9 220 86.2 16.2 1.9 417 16.2
Strain at P. L. Ep % 0.207| 0.353] 0.378 0.207; 0.265 0.z21, 0.378 0. 557‘ 0.221
Modulus of elasticity | E  kg/cm? [107000, 809Z)i 3150 IO7OOJ\ 13900‘ 7340 3100} /50‘ 7340
Work to P. L. W, kg-cm/cm?| O. 2280 0493,0.0227] 0.2280. 04790 0180,0.02270.01180.0180
Stress at yield point oy kg/cm? 791| ! 34.5 291‘ 58.5 32.7) 34.5 — 32.7
Strain at Y. P. &y 9 |0.339, — 1.92| 0.339‘ 0.563‘ 0.658 1.92‘ - 0.658
o y/Ey E, kg/cm? 86200, — 1810I 86200 10800 5020 1810 — 5020

D OBRE I LIZEH LTS 5 2 A0 e {leh.

5.3.1. FHREBICLIZE
HHERMOE ST L IBEOBS, Tob bREROSLTICERMEA o 249 LRI L L0 X

Table 15. ROT i BT 24 igHiEo s
Comparison of results as influenced by orientation of

annual rings at Plane ROT.

Group I X Group 1L

i
Extensometer Dial gauge readings Dial gauge readings
reading to 3cm to 6 cm total gauge  to 3cm total gauge
‘ central gauge length } length i length
Loadmg direction T 45 T 50 R ! T ‘ 45 L R
Angle of annual rings l 0° 45° 90~ 0° 45° 90° i 0 \ 45° ’ 90°
Stress at proportional limit =~ 100 | 35 13 } 100 | 49 141 | 100 0 35 133
Strain at P. L. 100 | 147 58 | 100 | 176 | €0 100 | 120 58
Modulus of elasticity ‘ 100 24 233 100 18 | 235 100 ‘ 29 ‘ 228
Work to P. L. 100 5279 100 86 85 100 41 75
Stress at yield point (100) — 95 (100) — 92 (100) — 96
Strain at Y. P. (100) — 34 (100) — 26 . (100) — 28
aylEy (102) — 277 (100) =~ = 362 (100) — 339
o5 .= S — 100 54, 9 100 52 100
1) ! - — 100 62 \ 96 | 100 | 60 ‘ 99

100=results when =0, =90
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SICEALT BRI L L 5
%100 LU, SRk s 45 FEHE, MERFHEOHEE 2T

PSRBT RS 5775

Table 15 | Group I * L Group II

DD E, RAFROM
F 7z, Fig. 10 & Group T DI

DT Extensometer CTHlELIC oy, IO E O&L%E 7L, Fig. 11, Fig. 12 i¢ Dial gauge J]
FzX b Group I 3 XU Group II DiEED(LERT,

20 40
0 ¢ Gp=Btaus ot PL. o3
X E = Modulus zlnm‘:it«; K Specimens 3x 3x60m
gk M * ol § Peans ROT
==~ Plane ROT N y
; \\\\ s ///
15 /, 30 \\ /IO 7
/ \\\\ ./
. \\\\ , 165
! / /
\\ / \\\\\ /////
10 AN ! Ny
E BN I 2. — ot
tonfon® .\\ /
N / & //
K 7 ’
N / ‘ L ///
> v . 10—~ % E
_/ Wf s Twi
[~ . ',/‘ Ki%i DA 6
~. - // aod _ E. "
~ . amf PresITTTTEtgos 2
0 = 0 el o} 5 B
[ o
Fig. 10. Variation of ¢,, E with respect to @ Fig. 11. Variation of ¢, E, Wy, o3,
(Group I. extensometer readings) o1 with respect to a.
(Group I, dial gauge readings)
40 - . .
Soncim , W OBE b IEIRRIS ¥ X CMMHRENIAE E B RO
5 pacimens 3x 3x3 cm’
Yo |- Plame ROT ; &K T, IREAR, 45 BT 5. HARE
\ a
‘Q\\ 6.9///' FEL 45 EHARDAE L, RAFR, FEEHFROHT
\ /
A i . -
BN 77 T 5. o5 HLU 0w (FOThOGE L 45 EHH
N /' /s
N 0 , B/, RAFHE L OHEEFMOELE LA CRDBR
N
\‘///l / s Teds, FIPREF RO ST BIES 0y B
\
“ K T &y, BLV By A LTH DO, Bk DOTDH 2
\ M /
. //6} FEE HROYD S L BOT KBNS THD.
\
\ /
\ /
y \ / : 5.3.2. MMEERIC & 3B
p 10 7
4 R Wt R o 2T, ERENE B 2B X IRIEAH:
oot Bt 1, MEEXOX S EET BrERE L TRE
oo} o= F 2 EF, a0, Thob bR HESR L —HL
000l =y 2 0 - .
0 4 90 THD, WHEGE B OXNEL BIGEITOWTHERS,
&
Fig. 12. Variation of oj, E, W), WEEREDBA% 100 & LT, X Hiinga okt

o5, o1 with respect to «
(Group II. dial gauge readings)
DEIC,

#73 L Table 16 D Z L {755
a H 90 BE, i bR EI A &



Table 16.

BRESESA—EdR 1O QU

LOT [ 313 2 EfT o 528

Comparison of results as influenced by slope of grain at Plane LOT

— 127 —

Group
Angle of annual rings
Slope of grain

Extensometer readings to
3cm central gauge length

Stress at proportional limit
Strain at P. L.

Modulus of elasticity
Work to P. L.

Stress at yield point
Strain at Y. P.

ayley

P

Dial gauge readings to

6 cm total gauge length

I—1

N—4 TH—1 T—1 T—4 M—1

0o o 0 0 0 0

0 | 45 ‘ 90 0 45 90
100 13 5 100 } 16 ‘ 6
1000 | 171, 183 100 84 | 90
100 1 8 : 5 100 ‘ 18 : 7
100 22 10 | 100 13 ‘ 5
100 ‘ — 1 (12) e o DL (12)
100 — (566) 100 | — (212)
100 ‘ — ‘ 2) | 100 i —

100=Results when =0, g=0

6)

EEC, WHHEE B DZN L BHEC O TR D . FUEROBEE 100 & LT, IS B0
Bant#a R+ L Table 17 O Z 2 1t 5b.

Table 17.

LOR Tz R\ 5 MM o 8

Comparison of results as influenced by slope of grain at Plane LOR

Group
Angle of annual rings
Slope of grain

Extensometer readings to
3 cm central gauge length

Dial gauge readings to

6 cm total gauge length

Stress at proportional limit
Strain at P. L.

Modulus of elasticity
Work to P. L.

Stress at yield point
Strain at Y. P.

aul€y

M—a | m—3 1—3
9% | 9 90
0 \ 4590
100 16 7
100 128 107
100 12 7
100 21 8
100 20 1
100 166 194
109 13 6

T—4 ’ m—3

90
0

100
100
100
100
100
100
100

I

90
45

I—3
90
90

9
54
16

5
11
54
20

100=Results when =90, B=0

ik,

Fig. 13 iz Extensometer M5BT X % o) DA LI IO E OB{LA thZThid, Tl

Ba b UERE b 45 EHUN OO L <, 45 I B DERERREO MO LU LRI
ThbhHe LL, TOZEAY EDOX S il CHElEd 5 203, SERAGC S FERINC b b CEBRY 5k
BThn e b, EAMWMCLIERTMEOLABETH S,

5.4.

ERAT LI RELVOEREE
BEERRO & O BN 2 FENTCARET T 2 o,

Group T ZETA=FORFIc o, AR

FEDMEE T H LA L OBkF: L hysteresis curve i\ 7=, Fig. 14 »MRE M, Fig. 15 5
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45 FEFI,  Fig. 16 ASER HRIE
2;: ‘ OB Th b, R OfisHRD 3
ke cm HREEPEEE LC Extensometer
N Sl LAy A n 2o, R DeR
w0 (- Gom A BERUEE LiHa kAl
AN e G ot PL. FFo UL, E0B 27 OV E
LN e E = Hodu o dadicty o, EROELO FEE D, E
= S Pl LOR 45 FEHFDHIENE ILOIEE 278 0@
tf/m, \“\\‘\ —=—=~ Plame LOT 2T\ 5 LEED T, hysteresis
" s \\\\‘\ curve 5\ L loop DUEEMEES PR
N \}\ I B DT T,

\\ \;\\.\ EsErko FR 270 ) UIE TH
Y b, 51 MH & 52 EH OB
? NN HETHLC B, E1, HEHE
N Il SUC U et ORI 517 3 I &
\4";':';:‘:;:-:-_:;:,_7_:_-;";; FOWR & < OB R

0 ‘25 W mEhs.

Fig. 13. Variation of v,, E with respect to g P Fic Group 1 s L 0F Group It

(at Plane LOT, LOR. extensometer readings) T s R Ey Fig. 17 o2 <

10 % REFEL (C/H), TELERELEC ooz (B/II) #% Dial gauge TlllsEL, EHIHR

Frwl ) 4t L Vernier calipers Till-ofcinzs (B/H), X 00 2 MIEISEPAIC AR Ll & & O/

(P.S.[H) %R, ZOiER%E Table 18 Wi¥, 7ok B/H & B/H XIXAFENLLOTHRITE BH

HEi LI 5, CH-P.S./H % BOME G L TiuE, MEHFRNEITH O, REFR, 456 EFH

BONHCAE L Inote. BHIOFEMER S X OB E e EIALF LA - Cleun DTl h Lics
LTy, BEREEORNCERT S L E .

Table 18. FEOE & AR & OBk
Relation between Strain-recovery and Angle of annual rings at Plane ROT.

\ ‘ | | Ho, oom 26) | B/H (%) P.SJH (%) C/A—P.S.H
P ‘ ‘Stan- ‘ | Stan- }-Sfﬁ-
-Group‘ « B ' Direction GaugeSpem Mean | dard M\.an‘ dard ‘Mean| dard
| 'e’lgth} mens devia- \ devia- i devia- Recovery
| tion tion ' tion
- em N | ¥ i4SD.| X 4S.D." £ 4SD. %
_—1} 0 90 Tangential 6 15 12.3 1.0 5.3 0.7 8.2 0.4 9.1
l 45 ‘ 90  45° 6 12 0 1.7 1.2, 5. 0.8 261 0.4 9.1
]’—3 90 | 90 Radial 6 15 10.8' 0.6 5.1 0.6 | 4.5 0.8 6.3
-1 ol 90 Tangentval‘ 3 38 10.6 ‘ 0.3 | 5.1 0.9 , 3.0' 0.2 7.6
-2 4590 457 39 10.5] 0.3 6.2 .07 ‘ 220 0.2 | 8.3
| ' i
-3 1 90 \ 90 Radial 3 | 10 | 10.5 0.4 | 5.2 0.5 | 4.6| 0.5 5.9

C: Compressive strain at the last load. B: Recovery of stram when unloaded.
P.S.: Permanent set after two weeks.
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6. BROEE

////' K 6.1. $FMEMEICOLT

// / AR OB OB &Ll
DO L Hie b, VWb
P DRI, 5D WILEEm S
- DREENEEETH D, Vbl d
P, | B/ IR (RIS E R %
Recovery HEr LT~ & ol Th
CER, R Z OFF RO
BEILX IEEICEE LTV O
, BUTIS DA Tl < ATk

DUHANHERMBE L 102 T % LB s, 2 TRERPIERORAY &0 & 5 g3l LT Eieh,

T DOWIA IR THR L 5,

SBRRIES ) IE & DO 2 TEFRT G OFGUCHIE T 201 CH D T LT\ 5 ETH 7R 25 R
WD &b TEN L, HTHRAEM L ST oo, bl EOHKBMBD <k, BEEEEEE %, oh
XH 5% /HEu Tangent % 3 SEMEAASH—TFMR & 25 5 OIS EEAILHRE L LT 2,
LaL, HEEERE 20 X 5B o sl e ch v, s )i—Blio R, EREERO -
AT EDTIIERDPFIC & Al O BBV ONMAE fapshu ey, LIchoC, BIEMRBRO ARG D
HERTOIRIT 72 b SR O K EHAE Lo VEALHEI R T B e b1, FBEOEVENEEE L Hee
PNEORGRE L EH LT, HINCAET BRIEORIER 2 R ERLLEL D, T OFHRTILIBAHE
ABA& N LTHISE Lichs, T b BT R TR0 v e o ¢, MO RIS 37 % HlsE R O
IR IOIRIE Y Uiz L7oAv2TC, HMEBRDEIE L b F O/ E W LWL s EDiEit &
DO T CHD. ok, THEOHEDI L 5B L 5 CHEF LD AL D ZORITED 5 %
LD THHND, HHEMNC IO TEDOBELIDHIRETHD, T, JGIRETE, MERE, AR
AR - OEICHRINCIRE 23 D Th B2 LITKD - L B3 bits,

[k s Gaber, E.) [GIATEDIERCTET B, &2 WITMEASABICIERT 2 fUCHS T 5167
% Quetschgrenze & LT, %< OBFEC O EEFAOEAMEY 2T\ 5, LiL, FEDO=Y<YHT
1345 EERROBET, TOVTROBELRErREch Ok, i, FIHEIIN 7 F IHOER
TiL, TEOFMEEH L NTEOESIZIE Gaber Lo R Lo L 5 ML Abhish ok L1k
RT D, 0L D ICHFESI &EMEMO a3 AE, &2 WO ZRT X O B ROBHI LT 57
&, MRS PHREBRI O & —FANCIISE T E I\, TR v A v O~ OfERIZHEL,
FAREDEED D O DA NADAL IS THEINTLAA, 2Tk Gaber RO Z & <, #EIFET
BLFECBRTO S EED ILitofe, L L, #EASSICHART 2K &5 DIRIESEZ XL oT
Al ) REECEBIGEI O S AR B N\, Tk, ThE COWR TR R 5 ERIH L
LOPEETH DD, Z ORISR D EIEED MDD WILETFSH OGBS R E T 5 L 8D
DT A LT L,

STRESS ra/om

Y
STRAIN - 7%

Fig. 17. Recovery. BT




BUFERRIS A —E g (LD (U — 133 —

ZOMDME: ¥4 Yo DIN, DVM 21849 Cl3E: 3 em L EOST AR H 24T H s £ OB e
L, LFED Zusammendriickung (SFEED) 73 1% X5 E %5 2 L2 LT, oh
SRR ¥ e\, Group 1L R T 2ERFA S L0 Fig. 9 & 3ud £ OGO HiGe
TEBHEES.

%7z, Winter, E. » Daskaloff, I. OFIL7 ##0 2X2x6cm?* B2 L b, HREBROEH—
BUFREEE, B 1% OH»LEORRFOIERCTETREAS X, Zh & I5A—Bliis b s A0 5T
% Querdruckfestigkeit (KRR E) & LT\ 5, M7 B LM 7 SE BRI /o 2%, D38 tin
BEREOFER L LTUa e 2 WaaE T2 038 Th o, BT SAME 1% THNTII5hL L
T2 50 xR 2 3E il s Cunie, fols, BITHEE, MEIETEL 2 hbmonT
HARBITVD LS5 ThDHo, TR oL DTN THh %,

100

fod .

80

60

STRESS

40

20

10 20 30 40 50 % 60
STRAIN
Fig. 18. Stress-strain curve for perpendicular-to-grain compression.
(tangential loading, 3X3x3 cm?, ¢ Todomatru’’)

L7z o CHIED BT &0 X 5 Tefiiz X 2 TARM o B 54 3030 E X\ o 2 Hllr Lk ik
BTh2. HOrEOFMHE RIS, Jivb bILOIRIE T & BMEREE skev B & L 0Bk 5 L
T52, WEHEOHEH L ER L CHEIDLETHD LB 5. Z0RAD—2r LT Fig. 18 DL &
N—ElERE RS, AL ENMIL T2 —RBEE R+ A ke, X ECTH LW ek
OB iR B H b2 X, X LICHEIEE L S WA FA7 LT
RECH2HE= Kb+ C EHABERLEEH B Y &k, 20 X X0 Y ofTcE—
FMERO Phase 2EHANCIER T 5 L AT, oS ERINIREGEL Licb rEx, K
Y, =T hY Y, TE L vECTHERYTo%k, Fig. 18 13 b ¥~ Y GEH O E HREEROS &
ThD. EEMILI OB SERT B MERINT Y 2UL R N~ Y OAIIZEN 40% h b 50% [T
D, TEby, =17 H¥ ¥k 30% b 40% (i chot, Lo LED, HEMHEYRE LIEXT



e HERBETRE 5772

BT 5 2 LXHEO X 5 Th B,

¥, ZOERTIE 5%, 10% DFECXSTHISN o5 LV ow & b O TBHEEHEOHEA SIRIED
MEEFD Lic, BiikO#FRis Lot Fig. 11, 12 bbb X 31, HEAHA LKA HAOHEIE o5 &
010 HELALE U TH B, 45 FEHFFD & XL on OFRRRKRENDl, o5 11078 D R NR
SELCRIBC K 8D X 5 wfbh, TORBEREDL /NI V0T, IO X MEREOkEY 2 ), M
HEAOME & BN k. DEBIR A RTFEA0 & L, b, Table 19 W 20#ifaRT. “hic
DWTIHR ORI D B 2% Hor FERROS & & OHWETT ) 12D Th 5,

Table 19. o5/E Offi (dial gauge readings)
Value of o3/E (dial gauge readmgs)

; Group T (3 X3x6 cm*) Group m 3 ><3 X3 cm?)
Loading : " Stan- | Coeffi- | Z 1 | Stan- Coeffi-
. 'Speci-| Range | Mean  dard |cient of Speci-| Range | Mean ‘@ dard cient of
direction | mens devia- | varia- | mens . devia- | varia-
Ko aw — tion tion p o i tion | t10n
- ,l,, Xminl X | £S.D.CV.%| N Kmin X :L S.D. C.V.%
\ | B ’ D l -
L 0.0139— w 0.0163— 1
Tangential ' 0.0112 0.0127 0.0007 | 5 10 ' 0.0147} 0. 0157 0.0005 3
o i . 0.0268— * 10.0301—
45° directional 15 |7" 0070 0.0252 0.0010 | 4 10 7" 0paql 0-0270 1 0.0016 6
. 0.0055— 0.0072— "
Radial 15 0.0047 0.0052 | 0.0002 2 10 0.0063 0.0067 1 0.0023 4

6.2. BRREMHICOLT

R OLTEPAIERS AR 2, WA e Vil 2 7 ) ~ PHGE & b io\, HiENKRE L
BaLT 512, 20 DERFETIINGEL L &+ 2 BELTEO NELRETT 5 - L itlgEch 3,
Wik & & { HPBRE#R L T o OWEMELY —FCT % X 5 HH Lt &0 T LidkhEiEsE OB
MERERTsZ sicdie ), ERARERREWCDEINIMC b —EICT5 2 LXEThH O, 20
e O EMFNL Table 3 1 Rk$ 2 & <, HKHBLOIEE HFROBHEIIESH) Skeg/em? BETH
B, 45 FER T OME L ATSHEED K X\ 725k 2.5kglem? ¥ Ui, F+ Yo DIN, DVM 2184 ¢
W E B L OCHER RO EFEFRBR OB A5 10kg/em? 235X 3 FELTH D, HOrEOBHHEO
& BAT AR O Bk koD 2 AL B TRETH DRENRH S L h I, g EHEHEOK
BIEELLWLTH Iuad Litieys, 7ok, SKEciEEBREED cross-head OBEREEE, 7o birfll
IR B A BT 5 FENE SN T WA, +—2 F 5 )+ ® Kloot, N. H. i3 Sitka-spruce
DREEFERBROB, WEHEY —EC LABHE0mI N, BRIEOBENIE L —221C LIcE X 0 #910%
KE DR EBUTN S, OWFRAL G EIIITES LT, AM oMM 19T 2 701ty

—EIEREIC L 2 7 Y — 7R & Ok fT 5 LED D B,

BIBDEH I AV A S D, b E T Okhuizen 3, Dial gauge, HHREICIHE® 5 B
FHEC L B HENHIEOW I T B, Bk L OMIMERA OIRB IS % o7 b ORFECIUET
A oI Mirror apparatus 2 X\~ & Bl 5 .

ik, BEOBRICOWTL, Table 13 KRT 2 <, R 0aRyBEsiERc T 258, B3R
BIcAH LMY, BMERED DI 0T B, L L, R BE R A ST 5 L Filir i A
LELRWERIN, BEOKRNM L ) EREENBTHOT ZOFEN CORENZ IR Lis



BEEREIS A —EhgR (D QU — 135 —

Vo T h, MO RN & ORIEC AT 5 D25 Th B . BA ORBRM, FillaEd Lol fT
D HEZ D L, 2.5X2.5%5.0cm3 BWEORFV I LOd L, 7K, EERRFIIED 20% 12
EERBL 5 PRI LT 225 20T, ThH EERET 2 & S AERRA, H2 VI ol
HOEFAEI XY RVWEROBF AL VERS .

1, WYL HIhEE CEREL RS 2B SRR, & CiifRlby b oRETT IrnKE
KefE Lo T B EES .

EHZ, BERIH OB & MEREH ARSI I8 D 2\ 0t EREEOMENL B 00, Z0J
T OFERE T RALAYTE/ T & 7o BAEIROIZ D AT HL I N D L EX DR DD T, XiE CIHFLKAEOAID
Tlow &, SEEEREIEDRL T RN G L LR BT NH D, LichDT, Tkt 46 EH
FEEROME D o), E OIS OWTIEL, fekFIe BT 5, oo nFro E xBirmRiac s
D ERINTUE24 Lk,

6.3. mHA—EHBMBIZOLT

EA—EHER I B O LT E A AR S0 EH Lc b O Th H, I X 0 PELTEE R & OV T
BT BT 250 L BOBERA LA TE S, Tbb, ZhIZXD

1. BRI S B X DTS ARET VD & FOble 54000 § LICHMEERCET 55,
TS B WIMEER AN DIEREIL X O X 5 7RIS L2 Tl D2,

WA ET s E R OPERIT & D X 52T B DOh,

R DAMFRRAAT L2 TG OBRIL E D X 5 48T 5 Db,

DK LISINT XD THEOMEL L0 X 545 (td 5D,
FOMBOLAEIMER TE D, MEERHDEE BFL D WILERBLOBRENOEEH Eb
DTEMTHBEND Tlel, HHERDOHELIRD LTRSS ZLDTERVIDOTHSD.

LepioC, Highod & & SIHED RIS I—EllR A 7R Licas, MR, WERAHSC L )b
ftic e &, FRCPMERICIICOTHL OBRIEHTH 2., BRb Ve, S0P H4%EINS &
GREETH B 2%, PR S WM AERS T B UL O S — B I EECR 3 Do BRIt E B
L85,

Tichb, Bach, CO KT Lic\ o BIERENARETD D, MR & WA DR X
TR E, R L E HIRECTR L, P b WERA ORI WHEN TH 88, T %
$£5 72D IEFITATNS I TENEAR L, W D WA DIRFE 2 & 408 THEIS THER i DR/
ThHHBED3IDOTH5D.

ISH—ERIRE2S 2 O X 5 TelE 4 Ok L B DL, RE ORGSRk 5 \ X2 OFEFIi R+ 2 ik
KRR DD TH D, S8, FHxOBBECOWTIEH—FHlRY Kb, ZoSEERT L bz, @
{La B2 2 O ERIEFRT 1T 2 5 —EBREEENCERLL TP EicL,

[S2 B SV N \V]

6.4. BHFMECEET S PHEE

REFEFE O F SRR D RGPS 5 Wb 2 RAMAR TS O, KO B9k H 5 Wi
DISH—ERRE D 5 W T XMEF I B L 702 T B, L e 2 CL kS  ORFFEH DI X
b, FEr LTSI 3510 2 R OmRE, MMEREMEOWER, 55\ EEEIRC b » 5 < MERm



6 PRERBE IR 5778

WEERRARLNDDH B0 REDFT 7 v I, BUliERE O g2 Mcd % 7, s EoRIIC
DL TOERBEENIIEH T DI\, & OB T Min i RO NERTT 27D A TH S A%, Table
14 iZ773Z &< LOT, LOR, ROT H® 45 EHURAICOWTEREEZRDTH D DT, FEHEET
BUTHES I & EEORHMEER D 5\ AEIRERT S & DR O MR AGC X b miEEETE s &
B3, Fibb, '
Fo = cos?o sin?0 1
Fo—o°  Eo—goc (cos% —sin?0) +4-

¥, SESICR 45 FEREC X DR R T Y v IRk, SR O BEET AR ECE BRI
KL TV 5,

ok, FEMERX, RS04 % Hankinson A0 T3itod-#5473%\ 2%, Jenkin, C. F.I0 T
% X% Norris, C. B.13) [EORFZTBBRLE

VRIS LT b B EIREE 0 —F ok &SI SHEEIE 2 0 BED-D 45 FEOITH D, Shuhh 90 [
O HIBUEREORED D 5 O B TH B0 F I BRI MO IR LD T ik D & & < Th
FRRSTOHDT, & OB £ 0 L 5 IR0 5 AIETHS £ 85,

&bz, Keylwerth, R IRIIANNC & 2 BEPRINATTE & K5 X 2 WGEIVESTE & DBSFRE A, #KH
FiFik X OHEH HROUGEIZER Br, Br & EMEERED FICILLINC AK
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IS L BRIDER T H B b REE SRR R Ch 5. S8, M OEMHERCKT 5 IR, &
MBS OMGER (T D & & I X B AN M0 E8ER i Lo\, T kIS0 i &
L —EBE, &5 \ TR E 2 N2 250G 0 BTNIEEA IR D 2 L 23% s & Bbh b D
T, TRBIEOLTHBRF LAV,

6.6. WHATAEDMIRAYEIE
PROBTISER IS e U, TUHEHE BT 5 7oicis, DRSS & OBREORIE Y RN HFTT 5
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Plate 3. Manner of failure of specimens

belonging to Group 1.
(32a0 5280 500-)
LB D B o ARM OB EITREEIBEC SN 3 5
WEh 0 T, TR X OEORE D R X b
Rics. Tiebb, MEROYSIMERDOBED
2 EHHERE X D R ER RS b i 2
LIZDBAATH DY, JR—REITH T b HEH D
BRI L) TR EREOIRIBEEE RL, 51—
FHRD THITIE U TEEDTL B, LD TREY

PR BB % BERIRNT 2 17 5 B8 D BN B 5+ Plate 4. ‘‘Bending buckling’’ at end
part of specimen belonging to
HEELFETH S, Group T—1.
AR B 75 FUB R (@=0% p=907

Plate 3 X" 4 KEEHAOWREART 2, MWE2HF) 1om BEERNSNEC O BB/ & T
%o SHTEIEE CICERIN TV, KR E2 TERIND &, HOEECEE ORIt
RN DI, BFOWEACEH LSS HENAR D, RER TR ERMIS AL, REN T ERS
T, lerb ILOIREERE 2 fo FEfih S50 5 FEfkko il 3 E O RIBIZ Bsh L B h 513)5 DX
3 TR DN D SR B O
VX, FRIGRHTE O MR L
L5 LT WB S bbb
3, BAAE S 2, Ao
TR 2 FEREAR & DRI X D
BEEhThwhHicdieonl 3
IR ES R E A O L B
bha, foks, Effoh7s b
Tr L AFANT B A 43 %
bbb,

45 BEH MR T

Plate 5. ¢ Shdmg of spring Plate 6. *‘Buckling caused

Plate 5 (@i OREAY =4 ” ) by sliding of spring wood’’
’ woZictiiﬁpS?régicoiﬁngoss appearing on cross-section
23, REE CrLEME D E O - of specimen belongin
R i Fif belonging to Group I —2. to Group T —3. o

BiEA i D kAR L, [ (a=45°, g=90°) (=90, g=90°)
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FCRF 2 b2 & AERSr o g Ute & 5 fedklEa L
TWHDYRDOND, ZHTEMRDO ZOFHD
SIS MPERIONIER I N R W e Th B, fads,
TROHE E HF BN & 8 b, T RTOFMH
Plate 7. Manner of failure of specimens PRE—FRZ Y, R T ERRCHEL fo\ iR
/ly‘;e;ff?gi“j:;s?f"“(f:g(')o , A DETROL ) Ak E COATED S NS
\8=90., =907 p=90" HEH T H B
Plate 6 2 ARKAEOWEIRIER 7RI 2%, SEEROFRM TS T T< ) DRI DT 5 L 512k
A7 ST TR CoOBE) L Thv S REFQERL T 20 TH D, 173 PR
HH RS, OGRS S Dt SRR BEENE L, T DEEIENE
TART, BEHROIMFINEFIEL <, BECie>TH D, SOHFMOREICKL 2l H 55 Th DI
XU, FHAMIGIEEENNC, T OWEEL RBRIT, & 0FMORFIEF S Hh T 3o ER LT
Wk, EREEORY D B, oG ORI FOBINIMERE T T DR Tuv o
Rtzsb0rEbhs
LI Fiz3e LT 3X3X6cm? ORFITDOWTOHERTHHA, 3X3x3cmd O OLab 4 /g
DPHBEEY 72T . £ OffiEl% Plate 7 1IZR7,

HH 45 BEEHGRH
Plate 8 1< OWAHOIRMER 7R3, BT 7RI OB I Soi ZllifE2S 46 BT eIl

THHOT, ETEMTUCHEL 2SRRI OB R LU ELIL, BRIk RERMR%E
LT3,

AT H IR

Plate 9 <% OUBDRIES R T 25 45 EEHFBUEMRSCHEIL, SEFOFH AT O BiRL R
LT3,

fEE 45 PEFTEET

Plate 10 i Z OIRILIRAE

Plate 8. Manner of  Plate 9. Manner of Plate 10. Manner of Plate 11. “‘Sliding

failure of specimen failure of specimen failure of specimen rupture’’ appearing on
belonging to belonging to belonging to radial face of specimen
Group TI—1. Group TI—2. Grou}i n—3. belonging to Group TI—S3.

(a=0°, p=45°) (@=30°, B=45°) (@=90°, p=45) (¢=90°, p=45°)
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Ryozaburd Yamar: Stress-Strain Curves of Wood. (Report 1)
Stress-Strain Curves for Compression Perpendicular
to Grain. (1)

Résumé

Since timber is not a homogeneous material but a complex cellular structure,
its mechanical properties and manner of failure may be affected by the orien-
tation of annual rings and the slope of grain with respect to the loading axis.
This paper presents mainly the characteristics of stress-strain curves and manner
of failure of wood in the compression perpendicular to grain test at which the
load is applied not partially but uniformly on the end surface of specimens.
An appreciation of these results is of use in the calculation of bearing capacities
of timber fasteners, the design of stress-member subjected to compression
perpendicular to grain and manufacture of composite wood products.

The species of test material was ‘‘ Yezomatsu’ (Picea jezoensis Carr.)
grown in Hokkaido, Japan. The dimensione, the orientation of annual rings
(a), the slope of grain (B) and the related properties of specimens belonging
to each group are illusted in Fig. 1 and Table 1, 2. The testing machine employed
in this experiment was the Amsler 4,000kg hydraulic hand-power universal
testing machine, the speed of loading beyond the proportional limit was controlled
at a uniform rate of stressing. The capacity at test, the load increment and
the average speed of loading were shown in Table 3.

The compressive deformation to total gauge length of specimen was measured
by means of a dial gauge (1/100mm unit) set up to the head of testing
machine, and the deformation to 3 cm ceniral gauge length at two side surfaces
was measured by the Yuasa’s mirror extensometer (1/500 mm unit, the Ist
method) as shown Plate 1 & 2. The results obtained are summarized as
follows :

(1) The results and curves of Group I-test are shown in Table 5, 6, 7
and Fig. 2, 3, 4, respectively. These curves represent the typical type of
stress-strain curves of specimens tested in compression perpendicular to grain.
It is noted that in the test the ultimate stress is difficult to determine in general.

In the tangential loading curve (Fig. 2), the strain was practically propor-
tional to the stress below a certain limiting stress (o,=12kg/cm?, ,=0.38% in
extensometer readings). The transition from the domain of elastic deformation
into that of the plastic state was gradual, and consequently the definite yield
point, which C. Bach first observed, could not be recognized. But, after a
certain point (o,=35kg/cm?, ¢,=29% in extensometer readings), the horizontal
branch of curve approached gradually parallel to the strain axis with an increasing
permanent deformation.

In the 45° directional loading curve (Fig. 3), the proportional limit was
very small (s,=4.2kg/cm? ¢,=0.56%), the deformation accompanied by sliding
began gradually to develop at a very small load and the transition from elastic
stage to plastic stage was very gradual, in consequence a definite yield point
could not be recognized. Moreover, because the annual rings of middle part
which did not touch the metal bearing plates were easily deformed, the strain to
total gauge length of specimen was smaller than that to 3cm central gauge
length as shown in Fig. 3.

In the radial loading curve (Fig. 4), the stress first increased in fairly
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exact proportion to the strain (o,=16kg/cm?, £,=0.22 %), and a very definite
yield point was recognized (s,=33 kg/cm?, ¢,=0.66%). At this point the great
permanent deformations suddenly began to appear, the load decreased a little,
and consequently the transition to horizontal branch of curve was very sharp.
Such a small drop in load was repeated again and again with an increasing of
strain.

Next, the manner of failure was examined with the naked eye at cross-
section of specimens after about 109§ compression.

In tangential loading specimens (Plate 3 & 4), the buckling was recognized
in the neighborhood of end of specimen. It was probably caused by an
additional bending stress produced by an unavoidable eccentricity of loading
depended on the initial curvature of annual rings and the friction existing in
the compressed surfaces of specimen. The marked increase in strain at plastic
stage of Fig. 2 may be caused by the buckling.

In 45° directional loading specimens (Plate 3 & 5), the sliding failure of
weakness zones in spring wood was recognized along the annual rings. This
phenomenon was due to the smallest value of modulus of rigidity Gzr of the
spring wood at which the arrangement of thin-walled cells was in disorder.

In radial loading specimens (Plate 3 & 6), the buckling caused by sliding
of spring wood was recognized, but such a phenomenon was not observed in
summer wood at which the arrangement of thick-walled cells was in order
radially. It may be perhaps caused by the smallest value of Grr of spring
wood. Owing to the phenomenon, the above-mentioned curve (Fig. 4) showed
the well-defined yield point, the sharp transition and the consequent decrease
in stress.

(1) In the case of cubic specimens belonging to Group [, both the
characteristics of curves and the manner of failure were similar to that of Group |
mentioned above, respectively (Fig. 9 & Plate 7). But their strength figures
varied as shown in Table 12 & 13.

(ll) The results and curves of specimens belonging to Group | were
shown in Table 8, 9, 10, 11 and Fig. 5, 6, 7, 8 respectively. Sqecimens when
a=0°, f=45° (Fig. 5) and specimens when «=90°, f=45° (Fig. 7) showed the
type of curve and the manner of failure similar to that when a=0°, §=90° and
that when «=90°, B=90° described above, respectively (Plate 8, 10). But
Specimens when «=90°, p=45° exhibited the sliding rupture under further
loading (Plate 11).

Specimens when «=30°, 8=45° showed a stepped curve as illusted in Fig. 6
and the manner of failure was similar to that when «=45°, 3=90° (Plate 9).

Specimens compressed parallel to grain («=0° or 907, B=0°) showed a
high proportional limit (0,220 kg/cm?, ¢,=0.20%) and the well-defined yield
point (=ultimate stress). Failure caused by buckling of fiber was recognized.

(N) The variation in mechanical properties as affected by the orientation
of annual rings («) and the slope of grain (#) to loading axis are shown in
Table 14 ,15, 16, 17 and Fig. 10. 11, 12, 13, respectively.

(V) Hysteresis curves at low stresses of specimens belonging to Group |
are shown in Fig. 14, 15, 16. Moreover, after the load had been removed,
the change of total length of specimens belonging to Group [ and [ was
measured by a venier calipers (1;20mm unit). The results are shown in
Table 18 and Fig. 17. The least recovery was recorded in specimens when
a=90°, =90°.
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pr *E Table 1. #xHFRBENERRRER (3x3x6cm?)

- - - Related ;«;;;;tie; - i Extensometerg;szcel}itilg: gt;% 3 cm central
e b | S ‘ a T } Ry . u !kg(;p & kg/E kg\-]gmkg(;y &y kgf/(:y
o mm | % | mm |g/cm3 Lg_/pm-’!' % | cm? % cm? /cm3 cm? % cm?
2.9 16 8.1 0.411 0.357 | 15.0 12.2 | 0.378| 3240 [0.0231| 36.7 ‘ 2.08 ' 1760
2 3.0 14 3.0 0.414 0.360 | 15.2  13.3 | 0.392| 3400 0.0261| 35.6 1.87 1910
3 3.0 16 2.8 0.403 0.355 | 14.9 13.3 | 0.408| 3270 0.0271) 35.6 1.86 1920
4 3.0 13 2.8 0.402 | 0.352 | 14.6 | 13.4 | 0.398| 3360 0.0267| 35.7 | 1.92 1860
5 3.0 13 3.9 0.406 0.352| 15.213.3 0.399| 3330 (0.0270; 35.5  1.83 1 1940
6 2.9 15 3.8 |0.409  0.355| 15.3 | 11.1 | 0.353 3140 10.0196/ 35.5 2.01 | 1770
7 2.8 16 3.1 0.404]0.350 | 15.3 | 11.1 | 0.330] 3360 (0.0183 35.5 | 1.85 1920
8 3.1 16 3.1 0.402 ! 0.351 14.8 1 11.1 | 0.327| 3400 [0.0181] 35.5  1.94 183
9 | 2.9 15 3.0 | 0.409  0.355 | 15.3 | 13.3 | 0.415 3240 0.0276/ 35.6 ~2.05 ' 1740
10 3.0 14 3.1 | 0.403  0.351 | 14.7 | 13.3 | 0.393| 3400 0.0261 36.7 1,93 1900
1180 13 3.0 0.408 0.352| 16.1,13.3 | 0.375] 3560 0.0250 — @ — —
12 2.9 13 3.2 0.403 | 0.351 | 14.7  14.5 | 0.414 3510 0.0300 — ' — —
13 3.8 11 3.0 0.387 ' 0.337 | 14.8 11.1]0.346| 3220 0.0192 35.6 1.87 1910
14 3.9 12 4.1 0.386 0.337 145 18.3 | 0.878 3570 (0.0248 36.7 1.68 2180
15 3.1 12 2.9 1 0.3910.338 | 15.5 11.1 | 0.424 2640 0.0235 28.9 i 2.04 1420
16 . 3.1 12 3.0 [0.380 0.328 | 16.0 10.00.355 2820 0.0178 — — —
17 3.1 12 2.9 1 0.382 ! 0.331 15.2 | 10.1 | 0.367| 2760 [0.0185] 29.2 1.75 1670
18+ 3.1 14 3.1 | 0.385 | 0.333 15.6I 10.1 | 0.407| 2490 o.ozoe]} 29.1| 2.16 1350
19 | 2. 9 - 5.1 | 0.391]0.337 | 16.01 9.0 |0.340| 2640 |0.0153 — | — = —
0 2 0 5.2 10.39]0.33% | 16.0110.1 | 0.373 2710 lo.oie8.  — —. —

Table 2. 45 EEHMIE{EREEEAREH (3 X3 X 6.cm3)
Related properties 3o central ganse et

No. b S @ Tu R) u 7y &p E ’kg}’(\:]r]ﬁ/
_mm % [|degree | g/cm®| gjem?| %  kegfem?*| % |kg/em® .  cm?

1 a3 ! 9 47 0.389 | 0.352 | 15.0 | 4.51 0.600 | 751 |0.0155
2 3.3 1 8 16 0.401 | 0.348 | 15.0 | 44.8 | 0.593 ‘ 756 |0.0133
3 3.2 ‘ 9 47 0.405 | 0.352 | 15.0 | 4.50 | 0.614 732 |o0.013
4 3.2 | 1 46 0.405 | 0.352 | 15.1 5.09 | 0.683 | 734 |0.0174
5 1 3.4 ’ 10 19 0.400 | 0.348 | 15.2 | 5.09 | 0.699 | 729 |0.0178
s 32! 9 47 0.407 | 0.355 | 14.7 | 3.40 | 0.427 , 797 |0.0073
7 3.2 | 0 47 0.395 | 0.345 | 14.8 | 3.95 | 0.527 | 750 |0.0104
8 3.4 | 12 48 0.402 | 0.351 | 14.6 | 4.52 | 0.605 747 |0.0137
9 31 12 49 0.398 | 0.345 | 15.5 | 3.91 0.495 | 790 |0.0097
10 3.3 1 47 0.401 | 0.349 | 15.0 | 3.95 | 0.541 730 |0.0107
1 3.2 ' 12 48 0.397 | 0.346 | 14.9 | 3.94 0.561 702 | 0.0111
12 3.2 | 12 49 0,400 | 0.349 | 14.7 | 3.96 | 0.530 ' 747 |0.0105
13 3.2 12| 50 0.397 | 0.346 | 14.7 | 3.96 | 0.527 " 752 | 0.0104
14 3| 14 | 0.399 | 0.347 | 14.9 | 3.37 | 0.457 | 772 |0.0074
15 3.2 i 1|49 0.381 | 0.340| 15.0 | 3.96 | 0.537 | 737 |0.0106
16 3.2 | 13 48 0.413 | 0.360 | 14.8 1.51 0.625 ( 721 |0.014]
17 3 | 2 ‘ 48 0.405 | 0.850 | 15.5 | 3.30 | 0.433 | 784 |0.0073
18 3.2 | 12 | 47 0.413] 0.359 | 15.0 | 4.51 | 0.593 | 760 |0.0134
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Results of Group I—1 («=0°, 8=907)
! Dial gauge readings to 6 cm total gauge length Conditions
| & | E :kgv_‘gn e | E, | o | ow | gI/‘é;lz Lo | T w
cm? % |kg/cm? cm3kg/cm? % |kg/cm? kg/cm? kg/cm?  /min|] kg °C %
113.3 | 0.456| 2930 | 0.0303 35.6 ’ 2.59| 1370 36.9 7.8 2.4 | 10 | 148] 88
1331 0,425 3140 1 0.0283 33.3  2.02 1650 | 35.0 36.9 | 5.2 1 20 l 14.8 | 88
‘ 15.6 | 0.502| 3100, 0.092 36.7 | 2.58 1420 | 38.0 38.5 5.6 ‘ 20 | 160 83
13.4 | 0.447 | 3000 | 0.0300 36.8 2.50 1470 | 38.4 39.0‘ 5.1 20 | 160 8
| 13.3 | 0.448 2970 1 0.0298 36.6, 2.78 | 1220 36.8 37.3 | 5.0 20 | 16.2 83
133 " 0.479| 2780 | 0.0319 35.4 | 2.87 1240 36.1 36.6 5.0 | 20 | 16.5 88
| 13.30.436 | 3060 0.02901 36.6 | 2.50| 1470 | 36.7  36.9 | 4.9 20 | 167 88
113.3]0.449 2970 | 0.02909 35.5| 2.73| 1300, 35.7  36.6 5.1 20 . 16.8| 83
8.3 0.475 | 2810 | 0.0316‘ 33.3| 2.26| 1480 | 35.8 | se.oj 4.9 20 ' 17.0 | 83
1 13.3 | 0.461| 2900 . o.osoz‘ 35.6 | 2.33| 1530 36.8 37.1. 5.2 20 1 17.2| 8
| 13.4 ; 0.419 | 3190 } 0.0281 — — — — — 2.8 10 | 14.4 87
i 14.5 | 0.490 | 2950 0.0235! — = = — } — ‘ 2.9 10 \ 15.0| 88
13.310.492| 2710 10.05627 35.6 | 2.88 | 1240 | 36.4 36.9 5.1 20 | 17.5 | 83
15,6 | 0.590 2640 | 0.0460 35.6 | 2.59 | 1370 | 36.6 1 36.7 5.1 20 | 1761 83
8.9 “ 0.382| 2340 0.0170 28.9 | 2.44 1190 | 31.2  31.2, 5.1 | 20 | 17.7| 88
| 8.9 0.349| 2550 | 0.0155  — — — — — | 3.7, 10 15.4 1 88
| 9.0 0.3881 2310 |0.0175 29.2 2.19| 1330 30.5, 30.9 1 3.5 ‘ 10 . 17.71 88
10,1 | 0.439| 2300 0.0222 29.1 | 2.53, 1150 | 80.3 305 3.5 10 ‘ 175 83
' 7.910.873] 2100 ] 0.01471  — — — — — ‘ 3.1 ‘ 10 ’ 16.1 1 83
9.0 10.404 2200 10.0182  — — - - —1 3.5 10 | 15.6] 88
Results of Group IT—2 (a=45", g=90°)
‘| Dial gauge readings to 6 cm total gauge length | Conditions
ap &p E ‘kg'\éllfl/ a5 ! o1 ‘kg/(l;rif"/ Lr T | H
kg/cm? % kg/cm? cm3l kg/cm? ‘ kg/cm? min.] kg | °C l %
i 5.63 | 0.706 798 0.0199 } 9.4 | 226 oz 10 16.0 88
| 5.60 | 0.771 727 0.0216 ©  19.5 23.1 ; 2.6 10 16.5 88
| 6.19 | 0.808 773 0.0250 | 19.4 \ 22.5 | 2.3 5 17.2 88
| 6.23 | 0.819 761, 0.0255 19.6 22.4 2.0 5 17.6 88
6.22 | 0.812 767 ) 0.0253 | 20.0 22.1 1.8 5 18.0 83
6.23 | 0.831 750 0.0259 19.8 ' 23.1 | 2.2 5 18.1 78
5.65 | 0.721 783 ‘ 0.0204 | 19.0 ’ 22.1 ‘ 2.2 5 18.5 83
5.65 | 0.720 785 | 0.0203| 18.2 22,0 | 2.1 5 19.0 74
s.58 | 0.73 | 759 | 0.0205 | 194 } 22.4 ‘ 2.1 5 19.5 | 79
6.22 | 0.825 ‘ 754 } 0.0257 19.2 } 22.3 1 2.4 5 19.6 79
5.61 0.728 770 0.0205 16.9 21.2 | 2.3 5 19.6 79
6.22 | 0.839 ) 742 0.0269 19,2 } 22.1 2.4 5 19.8 79
6.23 | 0.825 | 754 0.0257 ' 18.8 ) 21.5 ‘ 2.4 5 19.6 78
6.18 | 0.849 728 0.0262 19.2 | 232 | 2.5 5 19.5 79
6.22 | 0.794 l 783 0.0247 ' 19.1 21.9 \ 2.5 5 i5.6 88
ll 6.20 | 0.799 ) 776 0.0248 - ' — 23 5 | 162 | 88
| 5.65 0.716 789 0.0202 — — | 1.8 5 . 16.5 88
620 | 0.770 | 804 0.0239 - } — ‘ 2.6 5 17.0 88
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Table 3. T H 5 M EMRERIGE (3 X3X6cm?)
) o T ~ 7| Extensometer readings to 3 cm central i
Related properties gauge length
No. | ap E Wy oy E,
P s | a T R kg/ & g/ |kg-cmikg/ & g/
| mm % | mm | g/em? | g/lem3| % cm’| % cm? /cm3 cm? % cm?
vloas s 12 loswr 0342 161 17.9 | 0.220] 8120 o.o:97i 35.7 | 0.733 4870
2 ‘ 3.5 12 | 1.3 | 0.399 ‘ 0.344 ' 16.0 | 15.6 | 0.204| 7670 [0.0159 33.5 | 0.728 4600
3 3.4 13 1.3 10.39310.339 | 16.0| 15.6 | 0.209| 7460 [0.0163 33.3 | 0.633 5260
4 3.4 13 1.3 0.393 0.339  15.9 | 15.6 | 0.196 7940 0.0153 36.7 | 0.763 4810
5 ' 2 12 0.9 10.403 0.348 15.8 20.0 0.252 7940 0.0252 37.8 | 0.773 4890
‘ ‘ ‘
6 | 3.4 12 ‘ 1.0 10.400 , 0.344 , 16.2  15.6  0.189] 8250 ‘0.0147\ 35.7 ‘ 0.733 4870
7 | 3.4 11 1.2 ‘ 0.394 0.340} 16.1 ] 15.6 } 0.237| 6550 0.0185 31.3 | 0.687 4560
8 | 3.5 12 1.2 1 0.397 | 0.342 15.7 | 15.7 ' 0.221] 7120 0.0173! 31.4  0.608 5170
9 3.4 12 1.3, 0.411, 0.354 | 15.9 | 17.8 . 0.247| 7210 0.0220 33.3 ' 0.690 4830
10, 3.4 13 1.3 ’ 0.394 | 0.340 J‘ 15.9 | 17.8 ) 0.253| 7060 0.0225 31.2 | 0.583 5350
1 \ 3.5 11 1.4 1 0.398 | 0.343 | 16.0 | 15.6 | 0.197| 7950 [0.0154 29.0 | 0.473 6130
2 3.7, 10 1.1 10,390 0.336  16.0| 15.6 | 0.220 7090 (00172 31.2 0.660 4730
13 3.5 ] 13 1.1 [ 0.393  0.338  16.0 - 15.6 | 0.225/ 6900 0.0175 31.5 , 0.640 4890
14 | 3.5 Il | 1.3 | 0.395 | 0.541 | 15.9 | 15.6 | 0.220 7070 0.0172 31.3 |-0.635 4930
15 . 3.4 12 1.3 1 9.398 0.344 | 15.8 | 15.6 | 0.207| 7560 "0.0161 29.0 | 0.483 6000
16 3.6 12 1.4 0.390 ' 0.337 | 16.0 | 15.7 | 0.233 6720 0.0i83 3i.3 ' 0.70) 4470
17 3.5 10 1.1 0.390  2.337 . 15.9 17.9 ' 0.253 7060 0.0227‘ — - —
| ' .
18, 3.5 1 “ 1.2 ‘ 0.398 | 0.342 | 15.8  15.6  0.233| 6700 0.0182 — : —! —
19 3.5 | 12 ' 1.2 [0.398 | 0.344 | 15.7 | 13.4 | 0.184) 7280 0.0123 — = — —
20 3.5 1 1.4  0.397 0.343  15.7 | 15.6 0.218 7170 0.0170  — — —
Table 4. #H A FFERRERGAR (3X3X3 cm?)
Related properties i - Dial gauge
No. b
© ‘ b S ' a To Ry u ap &p E
| mm % mm g/cm? | g/cm3 % kg/cm? % kg/cm?
! |
! 3.5 10 | 1.3 0.3% | 0339 169  17.8 | 0.861 2060
2 | 3.2 13 ) 0.4 0.380 | 0.325 16.9 22.2 | 0.931 \‘ 2390
5 3.5 9 | 1.4 0.395 | 0.338 16.8 1+ 20.1 | 0.955 | 2110
4 3.0 | 10 0.9 0.400 | 0.342 17.0 20.0 | 0.821 2440
5o es 9 1.7 0.399 | 0.341 17.0 17.8 | 0.793 } 2240
6 3.5 oo 0.398 | 0.340 17.0 20.0 | 0.874 | 2250
7 3.2 2 1 0.5 0.393 | 0.336 16.8 20.0 | 0.833 } 2400
8 3.3 8 ’ 0.8 0.374 | 0.321 16.9 20.0 | 0.885 2260
|
9 3.4 8 1.2 L 0.389 | 0.333 17.0 20.0 | 0.897 = 2260
|
R 10 ¢ 0.8 0.399 | 0.341 17.0 22,3 | 0.921 | 2420
i _ i o - |
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Results of Group I —3 (a=90°, g=90°)

Dial gauge readings to 6 cm total gauge length ! Conditions
L UTWa R RS Sy I e T
_emf % 1kg/em®  cm¥kg/em? 9% | kg/cm®’|kg/em” kg/cm?  /min| kg °C ] %
20,1 0.29 6780 ' 0.0298 33.4 10.669 5000 | 6.6 | 37.9| 4.1 | 20 | 150 88
20,1 0.305 6650 © 0.0305 34.2 10,905 | 3780 | 35.0| 35.8 | 4.1 ‘ 20 1 15.2 E &8
17.8 10,258 6390 ' 0.0230 33.3 | 0.644 , 5170 | 34.7 | 35.0| 4.5 20 ! 15.5 1 88
17.8 | 0.257 ' 6910 © 0.0229 36.7 | 0.799 | 4600 | 32.2 | 34.0 | 4.0 l 20 1530 8
| i
22.210.301 7380 0.0834 35.5|0.632 5620 | 37.8| 37.8| 4.2 | 20 | 157, 68
17.9 0255 | €980 | 0.0228 35.7 | 0.742 | 4830 | 36.8 | 36.8 | 4.6 ‘ 20 | i5.8| 88
17.8 10,272 6550  0.0242 28.9 | 0.523 | 5530 | 33.4 | 33,9 4.4 ! 20 | 19.5] 89
| | H
17.9 1 0.278 | 6440 = 0.0249, 31.4 | 0.661 ' 4750 | 33.9 i 34.2 | 4.9 20 | 20.6| 89
17.8.0.270| 6580  0.0240 33.3 | 0.691 | 4820 | 33.3 | 33.3 | 4.9 20 | 200! 89
| { |
17.8 1 0.267 1 6690 0.0238 31.2 ! 0.614 | 5080 | 83.5| 33.8 | 5.: 20 | 20.5, 89
17.910.272 1 6560 0.0244 29.0 | 0.556 5220 | 31.8| 32.1]| 5.2 20 | 20.7 I‘ 89
15.6 1 0.235 6640  0.0183 29.0 | 0.575 5040 | 33.4| 33.4 | 5.0 20 | 2111 89
| ' ' | . ‘
15.6 1 02511 6210, 0.019 26.0 [ 0.573 5050 | 33.2| 33.9 | 4.6 20 | 21,41 89
: i | | ' |
15.6 [ 0.251" 6210 1 0.0196 28.9 | 0.556 5200 | 31.8| 32.7 | 5.1 20 | 216, 8
15.6 ] 0.253 | 6180 ' 0.0:97 29.0 | 0.564 5140 | 31.2] 31.5| 4.5 20 | 2.5 65
L17.9 i 0.296 | 6040 ' 0.0265 29.210.619 4720 | 33.3 \ 33.8| 4.5 20 | 22.6] 8
15.6 | 0.240 | 6510 ' 0.0187  — ’ — — — — | 5.8 20 | 23,21 85
15.6 ; 0.251 6250 0.0196 —  — — — — 538 20 | 23.2| 80
15.4 10,218 5500 0.0146 — | —1 @ — 1o 20 t 22,6 | 80
{ ) ) ! . {
17.910.29% | 6040 0.0265 — | — | —| |s0| 2|26l &
Results of Group I1—1 (a=0°, 8=90°)
readings to 3 cm total gauge length | Conditions
- et S
kg-\g'g/' ooy &y . E, a5 o1 kg/cﬁsl?'/ Lr T | H
. |
_om’| kgfem?® | % kegfem® | kg/em?® | kg/em? min _ kg °C ' %
\ ; | ‘ | | ‘
| 0.0766  B31.1 2,85 | 109 i 2.5 | 34.1 3.4 l 10 | 19.5 }. 94
( f \
| 01182 355 2,69 130 | 5.9 | 3.6 | 4.4 | 20 | 195, 9%
' | c
0.1083 1.2 . 2,59 | 1210 ? 32.4 | 34.0 4.4 20 19.6 | 94
0.0921 355  2.64 = 1350 | 36.0 i 37.0 ! 45 | 20 | 19.6 | 94
‘ | ‘ I
0.0706 311 -~ 2.66 170 | 317 | 8.2 | 44 | 20 | 197 | 9
| ! :
| ' | ! | i I
0.0874  35.6 2.82 1260 | 87.3°1 37.3 4.4 | 20 19.7 94
| i :
0.0833 . 35.5 8.22 | 1o | %1 | w72 1.4 20 19.9 94
| i |
! 0.0855  33.3 2.64 | 1260 | 34.0 l 34.0 4.2 | 20 19.5 94
| | . i |
10,0897  33.5  2.94 1 1130 8.7 341 45 I 20 19,4 94
| ‘ I ‘
| 0.1027 1357 1 2,75 1800 | 36.2 ! 8.7 | 44 | 20 9.5 9
' i |
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Table 5. 45 JEHHEEEMERSRGEHR (3X3Xx3cm?)

Related properties

|
Noo 1y s ! « oo R u
i mm_ | % | degree | glm® | glemt = 9%
1 | 3.0 4| 51 0.406 ‘ 0.3499 | 16.3
2 3.8 14 | 36 0.406 | 0.349 16.2
3 | 3.4 1 37 0.390 " 0.337 16.0
4 | 36 | 51 0.383 |  0.33 15.6
5 I W 2 38 0.387 | 0.335° 15.6
6 ; 3.6 1 ’ 51 0.387 | 0.334 15.9
7 | as 1 50 0.385 | 0.332 16.1
8 i 2.9 13 l 46 0.399 ! 0.344 15.8
9 \ 3.5 1 38 0.387 0.334 15.9
S L S I A oo b 49 1 0.384 l S 0330 I 1.8
Table 6. #EFH 75 FBERERBRAR (3X3X3 cm?)
{ Related properties { Dial gauge
No. "7 ‘ s | a | tn Ry u ! o» | & | E
. i mm | % | omm | glemr glom’ | % | kglem2| %  kefem
1 3.5 | 9 ! 1.5 0.391 | 0.334 17.0 | 26.7 | 0.508 @ 5240
2 3.4 0 | 1 | 0395 | 0.3 169 | 245 | 0.500 4910
3 35 | 10 ! 1.5 0.397 | 0.340 = 16.8 i 24.5 | 0.477 = 5130
4 3.2 | n | 1.0 0.402 | 0.344 « 16.8 | 24.4 | 0.465 . 5250
5 3.4 10 | 0.9 0.397 | 0.339 | 17.0 = 26.7 | 0.499 | 5350
6 3.0 11 1.0 | 0.39% | 0.339 ; 16.8 | 26.7 | 0.480 5560
7 3.4 1| o 0.405 | 0.346 ' 17.0 | 28.9 | 0.559 ' 5170
8 3.1 2 | 1.0 0.599 | 0.341 ' 16.9 | 28.9 | 0.551 = 5240
9 3.2 14 0.9 0.391 | 0.335 | 16.7 | 28.9 | 0.567 5100
__wo | 3s 11 0.8 | 0408 | 0.349 | 7.0 | 245 | 0.497 4920
Table 7. #RETE 45 PFH BIEHERREE (3X3X6 cm?)
i Related properties Esx(t;;lsg;ﬁ;
No. b S @ a i T Ry } u | oy &p
mm % degree mm | g/cmd g/cm3 A kg/cm? %
! 3.0 no| s | | ogss | 038 | 156 | 24.0 | 0.34
2 83 + 13 ! o 1| 0.390 | 0.341 15.6 30.3 | 0.350
3 | 3.0 i o 1 2.1 0.386 | 0.334 15.6 0.2 | 0.563
4 3.3 | 9 | 4 1.7 0.383 ‘ 0.331 15.6 30.2 | 0.367
5 3.0 | u 5 1.6 0.384 1 0.332 15.7 26.8 | 0.340
6 3.2 i 8 3 1.0 0.388 | 0.336 15.6 26.8 | 0.301
7 2.9 1 0 1.6 0.385 | 0.333 15.3 27.2 | 0.340
8 | 3.1 11 4 1.2 0.391 | 0.340 15 30.3 | 0.355
9 3.4 ’ 17 2 1.5 0.387 | 0.336 15. 30.3 | 0.337
10 3.3 10 5 1.8 | 0.393 | 0.340 15 23.5 . 0.430
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Results of Group II—2 (a=45°, g=90°)

Dial gauge readings to 3 cm total gauge length ’ Conditions
|
o [ e, { e }kg_‘(’:"g/ ’ o5 k o1 kg/éﬁz/.{ Ly T H
| kgfem? | % _ kegfem? | cm® kg/em? | kg/cm? mini kg | °C | %
6.60 | 1.05 629 | 0.0347 | 17.8 | 22.1 ” 1.7 5 21.9 90
777 1.08 721 | 0.0420 | 18.2 21.1 3.3 10 22.0 50
6.66 | 1.0l 661 . 0.0337 17.2 20.1 [ 3.3 10 22.0 90
IR 658 0.0458i 19.8 | 23.5 ' 3.3 10 22.0 | 90
| 555 0.84 663 | 0.0233 16.2 19.2 | 3.4 10 22.7 90
6.66 | 1.02 €57 | 0.0841 | 18.5 22.4 | 3.3 10 23.0 90
7.77  1.17 666 0.0455 | 18.1 21.8 | 3.3 | 10 18.6 94
6.66 | 0.97 688 l 0.0322 | 18.6 204 | 33 | 10 19.2 94
Co7e oy 670 | 0.0438‘ 17.5 20.2 ] 3.3 10 19.3 94
|8 | 104 | 643 | oosas| 7.7 | 207 | 3.3 | w0 | 194 | 9
Results of Group II—3 (=90, 8=90°)
readings to 3 cm total gauge length i Conditions
“kg-zvn]{/ Ty &y Ey a5 ow ;ﬂkg/g'ﬁig/. LI T | m
o omd kglem? | 9% | kg/em? |kg/em? | kg/em? | minl kg “EJ* %
 0.0678 | 33.4 | 0.821 | 4070 | 35.7 3.5 | 4.5 20 19.5 ‘ 94
| 0.0613| 33.5 | 0.8 | 3740 ; 34.9 | 34.6 | 45 20 19.5 | o4
0.0584 | 31.1 | 0.730 4270 | 33.5 35.0 4.5 20 19.5 94
| 0.0568 | 31.0 | 0.764 | 4050 | 34.5 35.0 4.4 20 19.5 94
| 0.0666 | 33.3 | 0.949 | 3510 | 35.6 35.8 4.5 20 19.5 94
| 0.0641 33.3 | 0.734 § 4540 : 35.0 35.0 4.4 20 19.5 94
0.0808 | 33.3 | 0.803 = 4150 | 36.2 34.5 4.4 20 19.6 94
0.079 | 31.1 | 0.695 | 4480 | 33.0 | 34.1 | 4.4 20 19.5 | 94
0.0820 | 33.3 | 0.717 | 4650 | 34.0 34.1 4.4 20 19.6 | 94
| 0.0608 | 311 | o787 | 3950 | 35.2 | 85.6 | 44 | 20 | 197 | o4
Results of Group M—1 (a=0°, g=45")
E ‘kg-Y:Vrg/ ‘\ P ~ &p E kg-‘z:vri;/ ‘\kg/cLlArS‘lZ/ { Ls T H
kg/cm? cm3 kg/cm? % kg/cm? cm3P min kg I reC %
7800 | 0.0417 | 29.2 | 0.417 ; 7000 0.06091 5.5 20 [ 19.5 89
8670 | 0.0531 | 30.3 | 0.3€8 8230 0.0558& 7.5 30 | 19.2 89
8310 | 0.0548 | 33.5 | 0.422 7950 | 0.0707 8.7 195 89
8240 | 0.0554 | 33.6  0.447 7510 | 0.0751 | 8.7 0 9.5 89
7880 | 0.0462 | 33.5 . 0.456 7340 | 0.0764, 8.5 0 197 | 89
8920 | 0.0403 | 33.5 | 0.424 7900 | 0.0710, 8.5 0 197 89
8000 | 0.0462 | 20.2 | 0.424 7130 | 0.0641 | 8.6 30 | 197 89
8550 | 0.0538 | 33.7 . 0.439 7670 | 0.0740 | 9.3 %0 | 200 89
9000 | 0.0511| 3.7 | 0.430 7840 | 0.0725 | 9.2 30 200 | 89
5480 | 0.0506 | 20.2 | 0.353 5730 | 0.0357 | 8.6 30 20.0 | 89
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Table 8. 4 EUIFEfFERERER (3X3%x6cmd)
Related properties l‘ Egk zi;lsgggzﬁ
No. b S @ B Tu Ry i u ‘ o &)
mm % degree | degree | g/cmd | gfem?® | % | kg/em? | %
| @9 | ’ 2 0 | 0.3% | 031 | 154 | 13.6 | 0.450
2 : 42 29 0.393 | 0.341 | 15.4 ) 1.3 0.361
3 | 40 32 0.397 | 0.344 | 15.4 | 1.3 | 0.361
4 | 41 29 0.398 | 0.343 | 16.2 | 11.3 | 0.307
5 | 40 29 0.397 | 0.342 | 16.0 } 13.5 | 0.384
6 | 44 30 0.397 « 0.342 | 16.2 11.3 | 0.413
7 I 44 30 0.397 | 0.342 | 16. ' 11.3 | 0.420
8 | L 43 a1 | 0398 | 0.343 | 162 | 11.3 | 0.368
9 40 1 30 | 0397 | 0341 | 162 [ 13.7 | 0.401
o 0 @2 0 s | ows | 03a | 162 | 13.6 | 0.5
Table 9. FEH 45 EHBIERHRSRER GX3X6cm?)
; Related properties )r Extensometer readings to 3 cm central
No. b | S ¢ | a ' Ro u { ap &p kg‘ﬁyn / ( Ty
| mm | % degreel mm |g/cm3d |g/em? | % ag/em:| % |kg/cm? cmd kg/cm?
1 J (3.7) " (10) | 44 ' (1.5) | 0.368 | 0.319 | 15.5| 37.2| 0.241 | 15400 | 0.0441! 64.2
2 ‘ | 44 | 0.369 | 0.318 15.9 | 33.6 | 0.237 | 14200-| 0.0398| 50.4
3 | ( 44 ‘ 0.370 | 0.319 16.1 | 40.5 | 0.262 | 15500 0.0531{ 60.7
4 | ' 44 } 0.379 | 0.327 16.1 } 33.7 | 0.276 | 12200 | 0.0465| 50.6
5 ‘ ‘ 43 } 0.372 | 0.321 16.3 | 37.3 | 0.234 | 16000 | 0.0437| 71.2
6 | i 43 ‘\ 0.374 | 0.322 16.1 33.9 | 0.245 | 13800 | 0.0415 57.6
7 r 44 | 0.371 | 0.320 15.9 | 33.7 | 0.341 9900 | 0.0574! 50.6
8 | | 47 | 0.380 | 0.328 15.9] 37.2 | 0.233 | 16000 | 0.0434' 64.3
9 46 ‘ 0.386 | 0.334 10.6 43.9 | 0.317 | 13800 | 0.0696| 64.2
w0 || 4 | lo.382]0.3%0 | 15.8| 30.5]0.261 | 11700 | 0.0398 50.8
Table 10. fEEREHBRGR G Xx3X6cm?)
| Related properties Extensometer readings to 3 cm central gauge length
No. b s | | B u o | e B Jl(g\-,‘c::;ﬁ e | e L E,
mm % | gfemd| g/lemd| % kglem| % | kg/cm? cmdlkg/em? %  kg/cm?
1 3.6 ; 10 0.394 0.339 16.2 200 0.195 | 105000, 0.195 289 0.360 80300
2 3.6 10 0.086 0.332 16.2 222 0.217 102000, 0.248 , 289 0.342 84500
3 3.1 ; 10 0.386 . 0.332 16.0 221 0.213 104000 0.235 287 0.312 91600
4 3.9 ‘\ 10 0.081 0.3525 16.9 223 0.210 106020, 0.234 & 288 0.820 90000
5 3.8 10 0.285 0.330 16.7 225 0.200 112000 0.223 « 299 0.310 96500
6 3.5 ‘! 8 0.470 0.345 16.1 . 222 O 194 1150200 0.215 298 0.374 79700
7 3.8 1 9 0.083 0.327 16.9 228 0.211 102000 0.225 285 0.320 89000
8 3.8 | 9 0.7%83  0.328 16.9 222 0.215 1042000 0.226 284 0.319 89000
9 3.4 “ 9 0.403 0.346 : 16.4 ' 222 1 0.Z00 111000 0.222 e8] 0.594 76200
10 1 3.6 | 9 0.381 0.325 17.1 223 | 0.213 105000 0.738 | 290 ' 0.34) 85300

I
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Results of Group M—2 (a=30", g=45")

———— e e —— S —
;iit?gferf&gv | 1 ‘af’g‘};ﬁg???égiﬁ o | ;’:l N Conditions
l E kg-cm/ | P ‘ ép , E 'kg cm/ ?kg/cnil/ ‘ Ls T : H
! kg/em? | m3‘ kgfem® | % U{g‘/cm3 L cm\ min_ kg °c | %

3010 | 0.0306 17.0 | o.60r | 2820 | 0.0511 68 | 20 18.0 | 83

3130 0.0204 ° 15.8 | 0.500 ’ 3160 | 0.0395 | 4. | 20 18.3 33
| 3150 | 0.0204 15.8 i 0.511 | 3090 t 0.0404 \’ 6.2 | 20 18.2 | 83
[ 3690 0.0173 | 15.9 | 0.516 | 3080 ‘ 0.0410 | 6.6 20 15.0 88
| 3530 | 0.0259 SN | 0-451 | 3510 | 0.0357 L 5.3 20 16.0 88

2740 | 0.0233 | 15.8 | 0.576 ; 2750 : 0.0455 | 5.7 ; 20 16.2 88
L2700 0.0237 | 13.6 | 0.515 | 2640 | 0.0350 | 5.4 20 16.6 83
. 3070 | 0.0208 | 18.1 | 0.670 : 2700 : 0.0607 t 6.4 20 16.8 | 88
': 3410 0.0275 18.2 | 0.605 } 3010 | 0.0550 i 5.8 20 17.4 88
00 | 0.0303" 15,8 | 0.550 | 2870 | 0.0426 | 5.8 20 | 17.6 | 8

Results of Group nr—3 (a-—‘)O’, B=45°)
gauge length Dla gauge readmgs to 6 cm total gauge lenfrth I Conditions

Ey ’ E, \ 7y : & E kg-vgr];tl/! Ty €y Ey ‘kg/Ié;na Lz T H
% |kg/cm¥kg/em® % |kg/cm®| cmd kg/cm® % {kg/em’ /min] kg °C . %
0525 12.3| 47.3 ! 0.435 | 10900 | 0.103 | 66.4 ' 0.769 8640 | 7.3 30 | 2000 89
0.440 | 11.5 40.3 ,' 0.406 | 9900 | 0.082 | 50.4 " 0.635 7940 7.6 30 | 20.0] 89
0.440 | 13.7 50.6 ! } 0.473 | 10700 |-0.120 ' 60.7 | 0.651 « 9330, 7.5 | 30 15.2 88
0.462 i 11.0 45.0 | 0.457 9900 | 0.103 l 50.6 ; 0.602 ‘ 8410 ' 7.4 : 50 15.2 88
0.587 | 12.1 54.2 } 0.461 | 11800 | 0.125 | 71.2 | 0.693 . 10300 . 6.4 30 15.2 88
0.492 | 11.7 | 47.5 : 0.545 | 8700 ’ 0.129 | 57.6 ! 0.686 8400 7.5 | 30 | 15.3 | 88
0.895 [ 5.6 37.1 \ 0.429 8700 | 0.080 l‘ 50.6 | 0.682 : 7430 ‘ 6.4 : 30 15.3 88
0.627 i 10.2 54.1 ’ 0.560 9700 | 0.152 | 64.3] 0.853 + 7540, 6.2 | 30 | 15.2 88
0.560 1 1.5 | 54.0 1 0.553 | 10100 | 0.144 ‘ 64.2 \I 0.769 ' 8340 ' 7.1 : 30 ! 15,11 88
l0.600 | 8.5| 7.3 0.452| 8300 |0.084 50.8,0.708 7230 7.4 30 | 145 | &7

Results of Group i—4 (w=0"‘, or 90°, B=0°)

] Dlal gauge readmgs to 6 cm total gauge length Condltlons

| . ‘ — RN [
e i & E g o ) o, &, E, ikg/ﬁgﬁ/ P T
l,kg/ﬁlzl??, % \kg/em? | emfkg/em® | % |kg/em? |~ min| kg | °C 1 9%
[ 178 0.442 = 40200 0.393 289 0.95 30400 67 200 19.0 94

: 200 0.467 42800 0. 467 289 1.27 22800 67 200 20.0 95

| 199 0.452 44000 0.450 287 1.15 24500 67 200 9.5 94

i 223 0.602 36900 0.671 288 1.17 24700 o7 200 25.3 85

l 179 0.421 42400 0.377 299 1.55 19300 60 200 24.0 85

| 175 0.422 41500 0.369 298 1.18 25200 62 200 24.0 35

; 223 0.599 57500 0.668 285 1.05 27100 65 200 24.0 85

i 178 0.436 40800 0.388 284 1.14 24900 58 200 24.0 65

1 222 0.566 39200 0.629 300 1.14 26400 56 200 24.0 85

! 223 0.564 U900  0.629 290 1.2 22600 683 200 24.0 85
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BT

Properties

Width of annual rings

| Summer wood

Slope of grain to loading axis

Specific gravity, at test

Moisture content

Stress at proportional limit
Strain at proportional limit
Modulus of elasticity

Work to proportional limit
Stress at yield point

Strain at yield point

Stress at 5% strain
Stress at 10% strain
Average loading speed
Load increment
Temperature at test

Relative humidity at test

Original sagitta of annual rings

Angle of annual rings to loading axis

Specific gravity, when oven dry*



