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A Study on Compression of Wood.
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Load.

Load
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EFREE: 0.42
& &k E: 14.3%
I—3 &)
b ]
B s B

2800+

Load (kg)

2400
2000.]
1600.]
1200
800

400

0

Fig. 17. Load-strain diagram of
Sugi, standard point: Spring-
summer-spring.

20 40 &0 8o
Strain (1/1000 mm)

HERR~T#E : 2.98%2.98%5.96 cm
SEHAEHIE ¢ 1.12mm
KEMHE: 0.69
ZHEME: 0.60

& 7k XE: 13.8%

0 o 8 1%  ie0 240
Strain (1/1000 mm)
Fig. 18. Load-strain diagram of Shirabe,
standard point: No distinction of spring
and summer.

Thb DEBRFRERICRI R X i, HBKI/NS RETECR
THENCEBREH T A WE—ESMMAEL B, Fox ] ,
B R DAL B S X OB« L O TRB X 5 ThBo g0 -

DM RN THRE LT 5 B ARMIC O WCiZFi A &
RE69, vt W. J. KoMMmERSSE 23 S B e AT 5 i E— 400
BAR CZOPHEDH T OMRAHET5 X 5 K EkkiE
ZREC7® 5 PLTWABD, REFOTSTCERY S T,

F DIEFIIE 4 L il TV Tevo ZBBIGY 11 spruce HoE .

Strain (1/1000 mm)

TERBREIT, ZOIH—EBLRASBOBE L By, KE Fig. 19. Load-strain dia-

1000

g

Stress (kg/em?)
g

0 20 ' 4bo

Elongation (%5)
Fig. 200, Stress-strain diagram

of cellophane.

TRTW L.

gram of Tsuga, standard
TR TEDBNT: point: summer.

@ké(ﬁ%tﬁﬁ%%b,%@%@%%&@ﬁ%
, WIIRERIC L5 SDOTIERL, Kbk
DEFEC X 2 b0 L iee L, @i, bR
BRICRUT 2 FRRIE ORI & AR 58 X D SRR L
TWwbo

Z D AHESY IAM O BRI RT 5 HE—
ELHIICHRCZ OEHA L ERIED L THDLRS
IOMBEREH L TnB2, 2Dz Licidse L SiHE



13

DI OZE R S AR O R E— T A MBI ARET 5 L B S HEQRRH S et r - R ERSE
STHE L 0 s DR TH B EIC, EATHELS ¥ v — RO NEFRT R TF LR
KELT 5 2cEhisd L, HREIRTRHCELTES Z L bBX THRL Bbn oo 7
bl e — 2L VBRI TS Er 7 7 ICRTH, viscose rayon CHTHZ D
M, ElBZEgh % b o WE—MO B TW B (5520 ROP.U0), CDFRDEEDEH
HOBRBEHEL LTRKD L ez L3552 Twd. Bb S ¥ OFRASHEFA L —&
LW Frl & S EL R LIGn 5 & ¥ 560 S e AnHESRCRAE 24, TPL EHELD
H L CHE S & i MOnE bR, $ eARHEFRICKEREE>TT ILRENCRO IR
2R LTHD . MICHPRE & B ECECKIBE & TR AR S B 15 2
h, FONEHE DB THREIIEE RO TR B &0 2 LT —ikETHIRICRH 2
BEChBo L EDZ LIZBRRBFC OV T ¢ & B MRERIG OB ECR T TOERILE
ST h 2 A DRFIOLEC X D FHEES & IS A R RIS ACHIE T 5 BHROMIRSER>
THRDZ EDEURTL LN Do

Sunn—AP RO L 5 HEYEECHETAbE, TOMENTHS KEES JURE
FOLONFOL 5 HEECEL LLEEE AT LI BR-BRA L TH S,

R OIS D 2 v A fED RO & 5 KR ER Lo TEEL, X3 A HED D~
R, Pl E7 1 I ADE 5ich DOMENEILL, ToRKHI, BETIULS

I Summerwood I Springwood

Fig. 21. Sugi in air dry, load; 500 kg.
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L BOMEEFORMELRD, (E2THE—E2dHEIE L TALChH R LITHE

DR b DL ich, TOMREHAER 2 DLELLND,

WICFERRPEC RS 21 o X 5 I FEREIR & 0#7 Vs D55 ke/
eI TR SRR slip line 3RO G, FHER A & IR RK
MER I b P (buckling) 35 L OBk (crinkling) DL RD .
Z DIERFKEER O buckling 1% slip line OFFCRTEST WS,
EE 21 MU LuEHEHE L 0 M~ OBITE I R TRk s
oo EEwE0 buckling HEFERESED crinkling THITT
HBEEERLTWS. & LTI OFEIFIARKAE O IOEE B 5
Tk slip line 35 X O buckling HEGILLOM EICIE A ERHH
Vo ZDZ EREGILEOMEICRTHE 22 R0 X 5 icE_RIKD
72 7V A OHFINENBZ LB LTHIERTEHD,

AFENKE  Istud slip line 133 LL7chH, LOIRRER, 5
WHE, FUN FLHX F X F2FNDOL5ksd,
Bz 27 Iz R TITHENKRE WO CTHRFHEICE buckling
DA TWBH. B LEE 23 Mis X 0% 24 RUIHEA 1000 kg, % 25
Rt #Ess 1500 kg, %5 26 FULHEAS 2000 kg, % 27 MUIHFE
A 2500kg DFEDOLDTHD.

Fig. 22G1,
Orientation of fibrils
in the secondary wall
of coniferous tracheid.

Fig. 23. Sugi air dry, load; 1000 kg. Fig. 24. Sugi in air dry, load; 1000 kg.



fe @AW T W. RoBiNsON (3
RHoMlagENHEC 2T buckling ®
crinkling DB BLHCRT, BNLDE
fenssin s o & &b, I0% 4 5 Tk
crack Sk slip line UL slip plane H3H
WD EHRELTCV Do L OFEEERD LS

R LT\ 5o EIDIET B OfEfD T

ﬁ@%m%ﬁ%%ﬂba%m,:@ﬁ&m%
ORAHE FCED slip Lk slip OB X
DTH LWRREIET DD TH S0

AR DL 5 I EiE S A RERRIC X
DTEDLER, HLHE—ERBRERAN
Fehiied 2, HHLWLER S e HEERIT
I oC biEREa SRR R AR X D REEKIC
BN LR ERELRVLA TS, Ll

Fig. 25. Sugi in air dry, load; 1500 kg.

-ﬁﬁﬁﬁ?%k%ﬁ%ZSﬂ@l5Kﬁ?ﬁ@%%ﬂm1mﬁmh6lﬁﬁﬂﬁﬁbhéaﬁh
NTWBUDIME, MMGHEHEOLFICR T ATEMEED, TfaaFRALD, BRULE

gz bhbdo

Fig.“27. Sugi in air dry, load; 2500 kg.



16
e BHESBEHECEMNTEE 29 R L0 30 Ko X 5 K RBFECK hfi#isl
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Fig. 2999, Compressive rupture of Spruse.

...... Area of Rupture

Fig. 28¢®, Plan showing
process of rending result-
ing from sliding.

W XiROEGRERC L,
BINB LU 32 Ko X dIcic b,
SEBREOME LR T AR oWT Fig. 3049, Buckling and crinkling of Spruce.
OFEHERNIARRTRE 2RIV 31 N X0 32 Mk X 2 TR2 K E X ERBICEL
SRFEIL I eV OETE B L OMEAAREINIZET 55, LHIEKMETICR TIFRA £
ITHERZE(beT, ERAREILT S, Hib, fEEar &R CEECH UFRICEEE L TW5,
B RN R T2 D BB R slip line MELTWHDTHD 1D, ERELICI >
TRAREE E RS ER LARBE Y, ERRFEEE I 0L D ~ 7 v k5 TIZOT,
FOWELRIETHZ LR Ohd b Cthb. ‘

I U CRMERICR T TE R X zﬁﬁﬁ%}ﬁqz: 10kg/cm? BEOFHEAFEIC IO THE
6L, VATER I LSBA L, AL Ok % o LBHEERE DK Y2 OfEThH 5 166 kg/cm?
Z OFERC R CIRTESEINT 2 /6> CHITERBOEML, BAARX YV RELHERLYE
Tho BMICHIHHEIC L 2T eV OEFILELN, Lavd tOEMNAREML TGRS, XL DK
BRAMEC X OTX I eV OEFNIFE L {7 b, BIY Orientation 3R 72 b h, @RI
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FFTETREIND, RBCIHLBEIY crinkling BRDLNEDTHHND, HHIOENE

B L DB EED R LD TH b,

a1
| 88 83\ ' ax\ ;8 =
]
6 \ \\ : ! ,
%6 : \ ! k ll / 85 Su
\ ) 84 | 81 84 1 / o ey
\ A NN\ B N  THER ; ety
\ \ \ 85
R \ \ | ‘\\ ! 179,
\ ‘\ : k l ! - €1y,
1 (¢}
NN N TR ™
A \ 1 !
g \ 1 ! / S,
\\ \\‘ 1 \ “ I, %%I‘.W
\
\ X & R R e
\ ! 7
,\\ﬁ ! ! ! ] ? Sp—’“] ™~ .
\ “ ! ! II WOOG
Y I )
5 88 w ? 3 uoe 88 S
® . B E BEF 83 O Tom,
S 4 ®, S S
Y E 5 & & g e
5 g 8 g g
3 S © ~ 4
Fig. 31. Alteration of parallel of micell by single load.
32°\
, 36 37
. §] <
| ;138 S,
y
30 | 35 > Il 0]1)2 or
1 ~l’l/oo
/ 134 s <
| Dry,
! lng W
) /I Ooq
I
! ,/ u
[ ! mn?er w,
31 ; 33 55 ; Oy
! /I > Sprl};g
{ 1 ' Wo,
. oq
32 35 5] é
o s 020 Suy,
0.3. ~ 03 ) < er Wo‘
3 =, og
g g
oy

Fig. 32. Alteration of orientation angle of micell by sinéle load.
IREEZDE (FE2HC—Db) CRTHT S X 5 CEHIS LM L TRBYER DR
D TROINE S, WEHEC Lo TRRERLRTC EnbEL T, Bd THH
EKIOT%%H%,ﬂﬁ%ﬁm%ﬁﬁoh%méﬁﬁg%tk%g%ﬁ§§ﬂ5®?,%@%

SN E—T A S BB TS D T B o
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b) FHMEREE  BEMESREEAORD B BT RER A BRI BT B R E R )
HEH L, BHEFBCHRET L CEZBRETENTNERL, BDTELLBATEHEL 2T
HHERE L 720 TH225, FREBROMIICR T 10 kg/em? BEOED TN WHER X
DTHHRRBEAELRE AL, COBEERLLI~2 BTEER LV 2D LIXREAYW LS
TW52%, BRl~7c X 5 e XRIBF X > Ch IR ER & 5 8imHE o2 bl X o)
SHBBIC X BFWHER & 5 IEOZ LI DL T UM TH B o

BHOWER IO TRMIIBER R AT 50, LOWEZIRTEERIBAREET S, RLE
ERCRTERALEA P v v 2 —F — X, ZTOFHAO TR 5 ARG TIIRA Y
LR RBICET Do TR EORMARB L Ch b BE LRV, hBRTIE2HB
—aADHECRTRENS o fE>THRERCR CHRHERE S MHIBCR CBE LLEL2BEEL L
LTl Lo AER LTy 7 <RTOERRRALREIE 33 M L0% 3 Mo X5k
%o BLMN BN 11 HOoRHSHBNLLOER LD ThHD, X b DERSEMHT
KOBY Thb,

1000 10007
800 800
600+ ~ 600+
g g
T o T
200
=] / , w /)
yasans A i bgiy
) 20 40 60 8 10 13 20 40 60 &
Strain (1/1000 mm) Strain (1/1000 mm)
Fig. 33. Relation of residual strain Fig. 34. Relation of residual strain
and repeating load, Sugi. and repeating load, Shirabe.
TR— 4 %) (FF—5%)
AF : T
Bradeil: B BRRE . TRk FMR L R0
HBF<F#E : 3.00X3.00X6.00 cm : KRR :
SN Eipig . 5.45em HERRTEE:  2.99%2.99%6.11cm
KEHE: 0.3 SRR © 0.42mm
2EkE: 0.31 SKEIE: 0.48
& &k FE: 13.0% EEEE: 0.4

& sk E: 14.8%
Z OEBRRT LT, FEREOTEOEHECH LS ATHERCBILRHS - LXRBDH
, REEECH L BRI BRI BN D S,
e BHE—B XTI 5 dhig O EANIEIRA L 75 5 BRI B 5o
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B BEEH .
a) EROEE HHAEIOWELML TRIAE XOFELRY &Y LDLRICEOHE
BEOBRS L 3T, FOBMIRHORICAIES 5 HET b O TARSEET 525, et
EX O LTHRLACTORBIIRL T, LOREORNILOTHELO—MAVEE L TR
. Bo : ' _
HWEY 012 LTHbED TR AREZZEET 52, ThIHERICBRTLEDTHS,

RERERL X TSI BTN 2B RO EEREBIHEOKRD, FiRE, FHE, K
TWoR), R, BEINCHEOEKROANEC IO THEING,

—ie - OTEDOELOEBILE 35 Ko X 5 inhiffic X2 TRE R, BHK LTl—EEzT IR
D, RHEELUIRBIEET 5, = 0% LIoREBCEET 2 BT 2 RO ANI RO
X5 e A OARM B X CEBRABC Lo THEIRS S, KKO—EHERE LTRRO X 57
ZEBRNE S,

FIRFMENREVEZECET RS HEL L, 1000kg
AEETHERD
KEED, CO Bl cone
BIFRIIEE 36 MO ‘E L \
rorins. i L Qf\\
5 2 1SRN [
<o OB Time (Minute) t;iime (?/ﬁnuve) l
&b OIAEH Fig. 35. Relation of time and Fig. 36. Relation of time and
P TR residual strain. residual strain by parametes

I OTHAREILL, ROFELEDO X STins, B LEEIX
AXTHDT, TOVEEFEIL 1.00~1.50mm O3 DThHb,

HaE WELAEEZOREC WICAEHRHBIA <, MO ROKRE WS DR BD T,

R SRR OB HHED, BHEBOIIC X > CRER R L, B580 L 5

HE kg (efom®) BRCBETBHNCD 0705, BUEERXFTHOT, tOTFHERIEL,
1o 1) 0.5 4.00~6.00mm Db DTHS.

S = 5 31 4BE LEROBAK, F—HEOMELOL ¥

VR DERDHEMT B TRECE S B Rk 5% WELBNBAIOLRC

Ligho T DHBCIHRIEN S, RERONL LD BT HIH & OBIR
EHE, ORI L 5B SRIORE 5 B ke (glome) | FECET SHHGD
BRA RS ONS, BERSIOB T HOL3E o o5 T R DI
feho HUBEILAFTHOT, FOTELERIEIL, 500(55)~1000(111) | 2~3 |1 ~3
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1.00~2.00 mm, &% 500kg (55kg/cm?) DEBETHBo
H6E BELATERLEIEEXR

DIECET B L OBIR .
B LA SRR BT S (). E
1 0.5 v
30 2~2.5 [
60  2~3
R LCERERIC LT, Lasdikir® ‘ R T e
Number of Repeating Load
7 9 B> - . -
K758 % b O HDOTXHFHE, BHEOHIC X Fig. 37. Relation of repeating load and
DT ET HENRD, ETRBLOE time, at which strain is stable.

38 KDL 51l do BUBEL AKX TH DT, *OFHEMHIEL 4.00~6.00 mm, HEDKE
13500 kg (55 kg/cm?) TH B, :
B7E BELAHER L BEELRD

SRR B & ORR E

=

RRCET HEE(5)| EEZEE(1/1000mm) g

SR LA FTER =

I EMB | RME | FEET %)M

1 3 1 2 1 it

10 3 — 3 — w0 B

15 — 5 — 1 £8

20 2 — 3 — §S
30 2 5 3 2 2~ . —
40 2 5 3 2 20 - 40

Number of Repeating Load

b) EEEaDE§ - _I:iZE@J: BWCBF(Z)EEkCl D é_E Fig. 38. Relation of repeating', .

load and ‘time, at which

CRIEDCHO TR BLIHEL B R\ fefeh,  firain fs stable, at wood of
EDCELEZLCEE LR CRACEEY BT 50 =0 annual ring.
PHERINC BTN E BAOEEREIRBEHE < R TERL b 54, REBCR LA 5
BECRTIRRESSDUAL A v v 2 —F — I X U ED_E TR EARFRRBICEL,
ENLBIFR ST B LR LIS 5o BILHERES 5 SLEISHIICE>TA b 1Ay 2 — 5
~HBE L E R KB LIRS, = FvAy 2 — 7 — OBERDOBIWIID b s oo
BLZ SRBOLELIHD D permanent set Thb Z LIXEBEERT 5 & L 13 Hsk
¥, REBOWE 1/1000 mm OHFENICRT 550

BUCARERT R CTRIFHEL Y R\ T b 5 4 HHE L TR RRBCERE L L X DELY B,
DTREEALALFE L, O TEBEARECR TBRIELX LHTIEARIIDO L S KEES
b DETERT5 o ' |

(C) BELEFICE 2EHIRB S - o

2) WELEWCLIEROME 1 FORBKCH Uk & ORELE LEHS X 00
BHTAHACAE LD, BELLD, RRRELE )T 5EEOLEOREL AR LI HE
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RAEGCE LS T AERE “ATA” LHL, MCHEENG LAEECRET S ERY,
CREER LEv, EEEHER, HbeThrREERL %Y EHEER —EOTC
U IR T & EEEA DR b S8 B —— 2 LI,

DL 5 A DBER LR LATEK : OBRY ERINCRDIOTH 503, BLEOESED
5L THEUM BB LT, WELBACHD R Tob 5 HBE L CRHES L HE
U, AOEBECHELML CUHELRORE, & EbE Lo

b) B, KHBECHEOANCESIBE  AHOKE IHHRESE T B L K
M L TR0 BA T B EENES - L AMORRE D2 Td U 2 HB— aE T~ E
HDEEDBHED & B & DM, HF % TS BRI 5 25, REBICH TR AR
WEMBECKRL, FERATVAY 2~ ~%FEL, AUAEIOWELRE LA L
TERE LI L,

SR DI s b B~ O BATER IR 2 IR~ OBATR AR Tk <,
F OB DD HEHIEE O S OZREKC L 5 HB LTI TV A, M X ) RS
FZ0dbh, —TINCHETS C LEHEBER .

e

é .. Total Strain

2 \‘\»;;—_%Res‘idual -

ENE

~24 N P00 6 4 5 0000000

.S \ M—O—MH—MJ—OWO—WWW..
- op,

j: 0020 o 00y 0 -0 O @0 O r Dags e O OO 2 g M . ' )
SO % oo B . ¥

Number of Repeating Load

Fig. 39. Relation of repeating load and strain, at springwood of Sugi.

P

g

g

§ 2 Total Strain ’ : :

= 2 o------- Residual Strain ,

~ OO0 OO0
g1 q"ﬂ.

~ WO"O-.O O-g.. )

: 0 v - [N L L3 — A‘ . A = v A Y Y

w 10 20 .30 40 : 50

Number of Repeating Load

Fig. 40. Relation of repeating load and strain, at summerwood of Sugi.

SSHBE/INSWHE, BbEERIO 1/30~1/35 Th5 11 kg/cm? BEDOHEE ML 725
LChHH, HE LA EREOZLTEM L I L Tids SRR AR 2 Po s
Fo WICEBRF 21 Dt MFEIH T & D AR 39 Rk XU 40 Ko X 5. AL
2 39 M LOH 40 ROBEDORBRFHIRDHE) Thoo '
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H=6%) V —7 %)

i} A i) B =¥
BEARED: Y B AR B

by E: 100 kg- (11 kg/cm?) #r E: 100kg (11 kg/ecm?)
R LEREE : 60 [ R LEMEE . 50 [H

BB T H: 3.01%x3.02X5.98cm =By B <F ¥ 3.00X2.99X6.08 cm
S EEEIE: 1.87mm i E B 2.65mm

& WO E: o0.38 & & M E: 0.44

£ B K E: 031 4 & B O E: 0.39

& A E: 14.6% & ok E: 12.5%

= DBIIC X2 TRB I ARHHINC LA % Bk L THbE LTS 5 FHE AT 3 RIS A
AL, ThDBER LA B DT EBREA L, EELD, HC constant IiL
<o IEABEORYBERIFIDHLAE L, 2FXD 65% & 5dH, ¥ELAKHEROETE
IR L TAT D3 e 7 s T L e o

SRR U TRRMERIC B R R B L ORSE LA T 5 B A0 3305 1yl ) BB AT 503
BT LREHTOGE L AR THL A, #E LAFEHKOE T A TR VB LT,
BOEYCEML, ThIBHTEEL 7D, FC constant IiIFM< o & DERIZEL S FHED
BE LR LSO THS, '

ARAELIHDRDKE {, AERO 6574 BETHD, PE LAREMORMN L i
B LT 2, BHEOBEGLARTHS, FOBPEBEHE L b Erc B VR
%o

DX 5 EMC LD TRHEBH/N X WHEOHEGIX FOELEREHITET L, KHES
KRTIHER ERT2EREHET50THSH, TDETI LROEED S41IHx OREK
EFOUHERIVOHEDOARE IZ IOTESLMN, TOHTHIFLVHITE 50 KR+ X 5
BN S VLR LA ERIC XD T EIN ORI S LRI WHAEEE LB 5,

X L D ERFERLTREE 4l NBI0E 2 N0 X 5Kkb, ohb DR XDTHA
C A, Iz 11kg/em?, 10 EREE LA OB R TH45 X 51, BHE LML Tl «
| R OF4TEES & CEAHEOPE LERHC X 5 ZIEOBENED o FIG T CRREEBICR
TRBA L, ENATENL TRE2, BEEICR TR LB EE@ADbhicw. Xtk b
T R TR B/ WITEOH A1 11kg/cm?, 10 M CHB DT, EHOXbPr Ay
A — % — T X DR L EEE O EE A3, 10 Ee R CIIFFERR LT virgin Tk 544
R % & D FHIE S eV OFITEWNE 2T, AL e OEFIHEANT, Lirdk
HEOBIH K3 5@ E DML TRB DT, Sl b Licx7 ) v 7 OEFYERET S X
5 IRRBEC 752 C, @FEZIHRE LA EHR OO T constant K/ b, XBREEZR LR
DIEMTHER LISV DTh B,

TR U TRRHERIC R Tk £ 2 A OFITEIRFR A E2(be T, @BRANSIRLELOTWES
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Alteration of parallel of micell by repeating load.

Fig. 41.
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Alteration of orientation angle of micell by repeating load.

Fig. 42.
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kahém%,mmﬁKtOﬁéu,:n&a%mﬁ%ﬁmﬁ<mb,%OTééimﬁ@Lﬁ
%@#@%MK#OT%mL,mx@ﬁﬁ%m¢ﬂ&ﬁ§®ﬁ%$ﬁ~%f&é@ﬁ—ﬁ%ﬁb
TRIECTE Y, constant IGER O ThBo RBARBERL slip line, buckling dEic sz
TRRBC I D, BRI B DT B o |

KICHAIL D WE, HBERRE D 1/7~1/6 BED 55 kg/em? OHE &R LAT L5
KD 2 EX BRI HI O BN A E TS 5 11 kg/cm? DFEL L Ly Bz 5
23, FHHE L RAER & DEROMEBIEM RS RS,

%ﬁ%mﬁﬁ%ﬁﬁLt%%OM%&%ﬁ18m¢®£ﬂ%&%®miofﬁ%m%43%D
L5 %o HLE DFAEDEREMIRDOED Th 5,

(BF— 8 38 HER A~ ¥: 3.00x3.01%6.00cm
i B =¥ 3 4E B B 2.91mm
BEragesm: w4 S B O OE: 0.4
el E: 500kg (55kg/cm?) & B O E\E: 0.39
LA : 55 @ & &k =E: 12.3%

154 °
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Fig. 43. Strain-repeating load diagram at springwood of Sugi.

IR R 2 B U CHUE LA LB 8 DM R R8s 4 Mo X dIRisho D

BOERKMEIRDEY Th 5,

r—9%] ABHAF ¥ 2.98%3.02%5.97cm
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BREZ®: gobp S B OB OE: O0.46
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BOE L ERmER : 45 [ & sk =:o13.7%
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124

Strain (1/1000 mm)
©

3

o—————— Total Strain

....... o Residual Strain

w0

10 20 . 30 40 ¥
' Number of Repeating Load
Fig. 44.

Strain-repeating load diagram at summerwood of Sugi.
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45.  Strain-repeating load diagram at
summerwood of Sugi.
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L7h, W constant KEMN A, HBEH/INIWHEOHS AU L 5 wlidimTs - v
LEDERBISNSEZ Lidbbo COBEXETTIUIE 45 RO Sk b, DL ¥

DEBRIIROBED Th b,
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Fig. 47. Alteration of orientation angle of micell by single and repeating load.
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line BET DD, e OFFEREILET, @RANRSSRCEDIGEE Wb UREL
BRBBRARTHS,

Z DR LIRRBIC T 51 B4 5 R A s 8B AR Cd, RERIC:L LCEALE
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AX R L OHBECER LY ¥, v KBTI 54 TESTH 2T

(8) - OBEEAEEAICETEREDEL T B, LIAABLLLTOLDT
BB, BLFOWMENEELTED, F0O5DDEEIARD SO Th B2 ORETEHH
LEKBER L LRk B o BIBRIED X 5 CHMERICR TR AR RAVE BRI
cmmMgﬁ¢D1v5:aﬁ%b6h,Xﬁmmﬁnwskw@¥ﬁ§%;§@%ﬁﬁ@ﬁﬁ
DERD L BOTHKS 2 L bR T, MEEOBHIE LoBLd, Xrh k) vz ik
SC I B OB LD, AKIGCHMAL LT\ 525, slip line ZRMED X 5 CHD
B h, BEELDRCIIAAELROWED b OWXERHAL EDD THS 525, ik
BT D LD LELIHEET L ThHA o K L TREENC R TR gl
SER XTI slip line 2D BI, crinkling XBD LT, LXHEBC
IAuL S e OFATEEE bR, EAANRS LSBT AT ECBE RV, ¥ RLDF
F%ES & s A UFRICH UBEEC 0BT, failsohicksZbcdnl, 3k
EEEAR IO LD 7w BRESCRT B O BELTWBEDTHA o BIKZDHFEDORIE
AﬁﬁAE&O%EO%@f&ék%%%h%o

(5) #bE UITE DS A iEiE L AR O D REINC > TE A DEAbE 75 B SR
TR & 7 0, FOMRRIEHES &L BME & TN R R LT AL EMICR Tk
WEIC L o ThET 5 AERETICATE L3R L, Fh DB BN Ao CRIRIRD L
B L7 b, ¥ constant KEET 5o Z DHHEOERAELIFIORIAE L, £FEED 65%
i, BRI M, e Lisve ZHUCH LT, S ClIFic BRI
L, 2 B4 LU bBEEREML, I constant IWEFET 5, X O%%@%‘%’EA@
@@ﬁ%ﬁ%<,éﬁi®6&émé?éﬁ,ﬁﬁbﬁﬁ@ﬁ@%%m&of@ﬁﬁ&bf%ﬁ
LD E T Bo ’ '

R RAUT W E DB ST L/ IR ER X2 CEHTORBERIIE crinkling
DELTWD S EhbEL T, ¥ELWER XOTh crinkling &L TH5 Thh ) & LILE
BeEr bh, LXHICRIUTEE LA X2 CEHTO 3 v A FTHE R L OBRVEIE
CHLC virgin T 55 AOE R X DML T WA D, HEELEHIC X TRHREHS O
R IREN AT, R EOREMESE LAROEMKC Lo tE LIk, E2TLERNBEALT
S, B A EOEAIC X o TR A 7 ) ¥ 7 DR Lo X 5 IRk E R
AT HRED BTN EE Lo ChICH L THEBCR T —fE Lo TREE
BT slip line HVELU T3 E L bHELZ T, #EE URER Lo T Mk RSFEC slip line
BETTWETHS 5 & LIRSREL LI, LXHINCR TR LA X2 TS A OF4T
B g X OVEAMAN A D BIL LIS O Tl B 2 @IS OHAULE L T, TS LU LD
~ 7w KA TDZ Y BELTRE D Thbo HICHER/N S I HEDILE L OB IIaEA
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BTN H DT L OTHEML, HEIBIAT 5BEIE RS DD PHHBHEA T, £D
AMBF LMkt LTHZEL, 2B T 55, BYEZIHEIC U CEEL k50
Thbo

(8) FHHE L OKHEBOME, EIbMROAT SRBH TR TIRFEHE S X O E 4%
HEEFCHEPRS,

BRI B OBKFHBIC X 0T, JSAIE X D BAD &S 5 REIC RO BB 50 Xt
MR OFHITIC X 2T, BAC L Y BERDOET S REBCR B LI 5o HEoTE
HE 3 L OB EBOIEOIR & D13 % D FICR T EN S DFROME LR L, BHED MO
STIE S DR OB %21}, MFOMEIES LIk 5 TR %R

(7)) »2alkbkE SOHELIEELANE LoBar R ks x0b R BHEERT T
R LA LOIBEIIE, FHL D bR kE SOMELRUBACBLNE TS 5T
HHEBHR X 0 BCEDEFENEL kb,

(8) MERLEMDORET, HELROWE L OMIICES 0\ K% B, HECH LT
virgin Th 5B R ik THEET 2B ECBL N5 BELEREH OFIAOMER, bR L
RITEROPIDCLTER S X ORFELICE LS RST 5 LR 5 @RERTH, FORBLE
EIH LT virgin THARBHAOEEEZL L v,

(9) WEDOAFIEBIEEHBE, 2TACH T IBRYBLOEL TR NIBHER
3 minimum curve %%, FPHERC X > Tk, LHFEIAF ThUBEwkE,
COHRMTID LI Do BT 5 RICHLT B HEINT 200kg 35X 0 2000kg THOT, =D
BEORBAOFIL 3x3x6cm Thonb, HE 200ke 1 ERHE—E 2B DL RIC
HATIWE LB —KL T\ 5,
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RE & il
Résumé

this experiment, the authors studied on the compression of wood in air dry,

12~157% moisture content, chiefly of Sugi-wood (Chryptomeria japanica D. DON.)
by mechanical method with strainmeter, anatomy and X-ray. But they in-
tended to study its essential qualities qualitatively, not quantitatively by averag-
ing their experimental data. ) ‘
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The obtained results are as follows:

(1) There is a point of inﬂexion‘ in stress-strain diagram at ininial load
which is gained by conteneous increasing load as ordinary compressive testing
method. The diagram at larger load is nearly straight and at lager load it begins
to curve, for the ratio of strain per stress becomes larger (Fig. 17, 1’8, 19). They
explains this phenomena as follows: Crinklings appear in springwood tracheid of
Sugi (Fig. 21), parallel of micell evidently decreases and orientation angle
increases in X-ray photographes, even though with very small stress, for instance
10kg/cm? When the load increases the parallel and orientation angle of micell
much more increase with about one half of compressive strength, 166 kg/cm? (Fig.
31, 32).

On the other hand, slip lines (or slip planes) appear in summerwood tracheid
of Sugi (Fig. 21) and the parallel of micell does not change, but the orientation
angle slightly changes even though with small initial stress.

And the properties of springwood and summerwood are changed by small initial
stress with the changes in amorphous part or more macrostructure of wood.
Consequently, the property of wood differs from that of virgin wood and a point
of inflexion appears in stress-strain diagram.

(2) Any part of strain which is brought by stress, residual strain, remains
even when the load is taken off. The residual strain does not disappear in 1~2
days. As mention in (1), both springwood and summerwood change their properties
even with intial small stress in microstructure and much more macrostucture of
cellwall, admitting that their received effects are different with each other, so
residual strain may exist even with small stress.

After all, there is almost no limit of elsticity in wood as in steel.

(3) The residual strain reaches to stable stage in a few minutes and does:
not change within 15 hours with strainmeter which has 1/1000 mm accuracy.

The time at which residual strain becomes to be stable is affcted by 'load, width
of annual ring, springwood or summerwood and percentage of summerwood (Fig.
35, 36, 37, 38). When the load is larger, the time is longer. When the width
of annual ring is narrow and the percentage of summerwood is small, the time
hardly differs at springwood and summerwood with each other. But the width
and the percentage are larger, the time is longer in springwood. They are caused
by the facts as follows; under stress on springwood tracheid there appear crinkl-
ings, the parallel and the orientation of micell become poor and the micro- and
macrostructures of cellwall become complex. But in summerwood slip lines appear
and the parallel hardly changes and the orientation only becomes slightly larger.

The time enough in which the residual strain reaches to stable stage is always.
5 minutes on Sugi, Shirabe and Tsuga.

(4) Should the residual strain above mentioned belong to elastic after-effect
or to permanent strain and how are their percentages when they are compouding?
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These problemes change their conditions in springwood and summerwood. In
springwood micro- and macro- structures of tracheid change with stress as men-
tioned in (1) and (3), and become complex. So the residual strain in springwood
shall cosist chiefly of pefmanent strain and only partially of elastic after-effect.
On the other hand. crinklings do not appear and only slip lines appear in sum-
merwood. Then, the parallel of micell does not change and the orientation slightly
changes, so strain shall not be caused by éliding in crystalline part, but in
amorphous part and macrostructure as mentioned in (1. Conseguently, the
residual strain in summerwood shall consist of permanent strain.

(5) The relation of repeating stress times and strain is indicated by falling
curve (Fig. 39, 40). The curves have very evident contrasting properties in
springwood and summerwood. In the former tbe total strain decreases remarkab-
ly at initial number of repeating load times and the decrease continues with the
increase of the times. At last it reaches to constant. The residual strain is
lager at initial number of the times, taking 652 of total strain and decreases
the percentage with the repeating load times, but does not disappear easily.

In summerwood, on the other hand, the total strain decreases at initial number
of‘ repeating load times and increases again after gradual decrease. At last it
reaches to constant. In this cace the residual strain is the largest at initial
times, taking 65% of total strain, and decreases ‘the percentage with the repeat-
ing load times, then disappears at smaller times than in springwood.

From the anatomical standpoint, there should be slack crinklings in springwood
tracheid by repeating small load, for there are slack crinklings in it by small
single load. And from the X-ray studying standpoint, the parallel and the orien-
tation of micell differ from those of virgin wood by repeating load, and the
microstructure becomes complex. It becomes conspicious with the increase - of
repeating load times. As the result, property becomes as that of complex mass
of steel spring, so the residual strain hardly disappears.

On the other hand, there should be slip lines in summerwood tracheid by re-
peating load, as it occurs by single load, and the parallel and the oriention of
micell hardly change in X-ray study. So crystalline part remains in same
condition and sliding in amorphous part and macrostructure should occure.
When the repeating load is small the total strain increases by the sliding. When
the repeating load is larger, the sliding becomes conspicious and the wood gets.
new property, differing from virgin wood. As the result, the total strain decr-
eases gradually, but the residual strain disappears in a few times of repeating
load.

(6) When springwood and summerwood are wide, the properties of them
become evidenty in themselves, for the former is affected with neighbouring the
1;1tter and the latter is affected with neighbouring the former in their strain.
And their properties are natural at the middle point of them and their properties
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mix W@‘th each other at the point near other wood (Fig. 50, 51, 52).
(7) When any repeating load of b kg/cm? is exercised on wood after other
repeating load of a kg/cm?, less than that, the curve of repeating load times-

strain diagram is not evident as that which should be gained only by b repeating
load.

(8) When there is a long resting time while repeating loads, the curve of
repeating load times- strain diagram has same property as that which should be
gained at the virgin wood (Fig. 55).
‘ (9) When the load is changed, the relation of load and the percentage of
residual strain (the ratio of residual strain to total strain) is indicated by mini-
mum curve. The load at conspicious curving point of the curve coincides with
that of inflexion of stress-strain diagram (Fig. 57, 58, 59).
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(FEEF 0T 212 T 1/1000 mm BLAF)

B1E ¥, BHE—TAEER 2000 224.9 | 65.8 3.1
2100 236.1 69.0 3.2
~ 2200 247.3 72.2 3.2
W pg  E gjome| EFOBR |BEAOMM 2300 258.6 76.1 3.9
2400 269.8 79.8 3.7
0 0 0
, 2500 281.1 83.8 4.0
19 12 g’g oo 2600 292.3 87.8 4.0
300 33.6 13.7 55 2700 303.6 91.7 3.9
400 44.8 19.8 6.1 2800 314.8 96.4 4.7
: : : 2900 326.0 101.9 5.5
P -9 28 > 3000 337.3 107.0 5.1
700 78.4 423 33 3100 348.5 113.8 6.8
800 896 551 5 3200 359.8 122.8 9.0
900 100.8 38.6 3.2 3300 371.0 133.8 11.0
: : : 3400 382.3 148.0 14.2
1 . . .
1?88 i% 2 ié 3 g % 3500 393.5 167.0 19.0
1200 134:5 48:6 3:4 3600 404.7 194.8 27.8
1300 145.7 51.9 3.3
1400 156.9 55.3 3.4
3% v, HE—
1500 168.1 58.5 3.2 ®e® v, WE—EXMR
1600 179.3 61.8 3.3 - - o ——
1700 190.5 64.9 3.1 O o | EERTOFE DYEMN
1800 201.7 68.1 3.2 kg kg/em
1900 212.9 71.4 3.3 0 0 0
2000 224.1 74.6 3.2 100 11.3 3.2 3.2
2100 | 235.3 77.8 3.2 200 22.6 8.0 4.8
2200 | 246.5 8.1 3.3 300 33.8 12.0 9
2300 255.7 86.3 5.2 400 45.1 17.5 5.
2400 268.9 91.8 5.5 500 56.4 22.1 4.6
2500 280.1 98.1 6.3 600 67.7 25.8 3.7
2600 291.3 105.6 7.5 700 79.0 29.0 3.2
2700 302.5 114.7 9.1 800 90.2 82.4 2'4
2800 313.7 128.0 13.3 900 101.5 35.2 -8
- 1000 112.8 38.5 3.3
0 0 4.3 -34.2
FaF I, WE—ELHER
15 B 2| BE OB | BRI Bk A¥, BEAOBEMHR
kg kg/cm
0 0 0 ﬁﬁb = stz DL
100 1.2 3.0 o I % kg Bglomy EF O WK |E i
200 12.5 6.1 3.1 o o o
300 33.7 9.2 3.1
400 44.9 12.7 3.5 (1) 100 1.1 4.9
o, o 4.6 |
500 56.2 16.5 3.8 :
600 67.5 20.2 3.7 100 | 11.1 8.5 3.9 3.9
700 78.7 24.0 3.8 (2) 200 | 22.2 | 12.3 7.7 3.8
800 89.9 27.7 3.7 0, O 8.2 | 53.6 | —2.1
900 101.2 31.1 3.4
1000 2.4 506 - 100 | 11.1 | 10.8 2.6 2.6
.’ - - . . .4 4.8
1100 123.7 37.8 3.2 (3) é% §§ § %3 2 1{ 2 3'g
200 134.9 40.9 3.1 : . : :
1 0 0 10.7 2.5 | -8
1300 146.1 44.2 3.3 3 0
1400 157.4 47.2 3.0 100 | 11.1 | 13.9 3.2 3.2
1500 168.6 50.2 3.0 200 | 22.1 | 17.5 6.8 3.6
1600 179.9 53.6 3.4 (4)| 300 | 33.3 | 20.7 | 10.0 3.2
1700 191.1 56.6 3.0 400 44.5 23.9 13.2 3.2
1800 202.4 59.7 3.1 o, o© 12.8 | 5 2.1 |=11.1
1900 213.6 62.7 3.0
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BEL - -
@ # T‘ﬁ- kg Ekg/cmz E ﬁ‘l‘ D ﬁ ‘Z‘ E@fﬁﬂﬂ
100 11.1 15.9 3.1 3.1
200 22.2 19.3 6.5 3.4
(5) 300 33.5 22.5 9.7 3.2
400 44,5 25.9 13.1 3.4
500 55.6 28.8 16.0 2.9
04 O 14.7 | 5 1.9 14.1
100 11.1 17.8 3.1 3.1
200 22.2 21.2 6.5 3.4
300 33.3 24.0 9.3 2.8
(6) 400 | 44.5 | 27.1 12.4 3.1
500 55.6 30.0 15.3 2.9
600 66.8 32.8 18.1 2.8
0 © 16.6 | 4 1.9 16.2
100 11.1 19.6 3.0 3.0
200 22.2 23.2 6.6 3.6
300 33.3 25.9 9.3 2.7
) 400 44.5 28.9 12.3 3.0
500 55.6 31.8 15.2 2.9
600 66.8 34.4 17.8 2.6
700 77.9 36.8 20.2 2.4
0, © 18.4 | /1.8 18.4
100 11.1 21.3 2.9 2.9
200 22.2 24.8 6.3 3.4
300 33.3 27.6 9.2 2.9
400 | . 44.5 30.7 12.3 3.1
(8) 500 55.6 33.4 15.0 2.7
600 66.8 35.8 17.4 2.4
700 77.9 38.2 19.8 2.4
800 89.0 40.9 22.5 2.7
Og O 20.0 |4 1.6 |=20.9
100 11.1 22.7 2.7 2.7
200 22.3 26.1 6.1 3.4
300 33.3 28.9 8.9 2.8
400 44,5 31.9 11.9 3.0
(9) 500 55.6 34.7 14.7 2.8
600 66.8 37.1 17.1 2.4
700 77.9 39.4 19.4 2.3
800 89.0 42.0 22.0 2.6
900 | 101.1 44.9 24.9 2.9
04 O 20.7 | ,0.7 |-24.2
100 11.1 23.4 2.7 2.7
200 22.2 26.8 6.1 3.4
300 33.3 29.8 9.1 + 3.0
400 44.5 32.7 12.0 2.9
500 55.6 35.7 15.0 3.0
{10) 600 66.8 38.3 17.6 2.6
700 77.9 40.7 20.0 2.4
800 89.0 43.2 22.5 2.5
900 | 101.0 46.1 25.4 2.9
1000 | 112.2 49.1 28.4 3.0
00| © 219 |, 1.2 |=27.2
53 7, BOBRREER
BOEL = = EHRD
e ﬁkggkg/cmz ﬁﬁ‘@m&‘_}% n
0 0 0 I .
(1) 100 11.2 7.2 | 7.2
0 o} 0.7 ’ o ’ —6.5

(2)

(3>

(4D

(5)

(6)

(7)

(8)

(9

(10)

i 400

100
200
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200
300
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200
300
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200
300
400
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200
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400
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600
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400
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600
700
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200
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700
800

100
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400
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800
900

100
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HOR XXFEHME, BEFEC L ABEDHR

gl oh o[RS 2T EEEN
0 104.4
100(11) 100.4 4.0
04 101.8 2.6 1.4
100 98.7 3.1
Oz 100.0 1.8 1.3
100 97.7 2.3
0 99.2 0.8 | 1.5
100 96.9 2.3
Oy 98.5 0.7 1.6
100 96.3 2.2
Os 98.0 0.5 1.7
100 95.9 2.1
Os 97.5 0.5 1.6
100 95.5 2.0
oM 97.1 0.4 1.6
100 95.1 2.0
Os 96.8 0.3 1.7
100 94.8 2.0
Os 96.4 0.4 1.6
100 94.8 1.7
O1o 96.1 0.3 1.4
100 94.3 1.8
On 95.8 0.3 1.5
100 94.0 1.8
O12 95.6 0.2 1.6
100 93.8 1.8
O1s 95.3 0.3 1.5
s 100 93.4 1.9
O14 95.0 0.3 1.6
100 93.2 1.8
Oys 94.8 0.2 1.6
100 93.1 1.7
Or6 94.7 0.1 1.6
100 93.0 1.7
O17 94.6 0.1 1.6
100 92.9 1.7
O1g 94.5 0.1 1.6
100 92.8 1.7
O19 94.3 0.2 1.5
100 92.8 1.5
Ogo 94.3 0.0 1.5
100 92.7 1.6
02 94.2 0.1 1.5
100 92.7 1.5
O22 94.1 0.1 1.4
100 92.6 1.5
Ozs 94.0 0.1 1.4
100 92.5 1.5
Qg4 94.0 0.0 1.5
100 92.5 1.5
Ozs 93.9 0.1 1.4
100 92.4 1.5
Og¢ 93.8 0.1 1.4
100 92.3 1.5
Oz7 93.8 0.0 1.5
100 -« 92.3 1.5 '
Oz 93.8 0.0 1.5
100 92.2 | 1.6
O29 93.7 0.1 1.5
100 92.2. 1.5
Oso 93.7 0.0 1.5
100 92.2 1.5
Os 93.6 0.1 1.4
100 92.1 1.5
Osz 93.5 0.1 1.4
100 92.1 1.4
O3 93.5 0.0 1.4
100 92.0 1.5
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Oaq 93.4 : Oul~ 1.4
100 92.0 1.4

Oss 93.4 0.0 1.4
100 92.0 1.4

Osg 93.4 0.0 1.4
100 92.0 1.4

Oy 93.4 0.0 1.4
100 92.0 1.4

Oss 93.3 0.1 1.3
100 92.0 1.3

Ose 93.3 0.0 1.3
100 92.0 1.3

Os0 93.3 0.0 1.3
100 92.0 1.3

041 93.3 0.0 1.3
100 92.0 1.3

Os2 93.3 0.0 1.3
100 92.0 1.3

Ous 93.3 0.0 1.3
100 92.0 1.3

Out 93.2 0.1 1.2
100 91.9 1.3

Oss 93.2 0.0 1.3
100 91.9 1.3

Ous 93.1 0.1 1.2
100 91.8 1.3

Osr 93.0 0.1 1.2
100 91.7 1.3

Ous 92.7 0.1 1.2
100 91.7 1.2

Oso 92.8 0.1 1.1
100 91.7 1.1

Oso 92.8 0.0 1.1
100 91.6 1.2

Os1 92.7 0.1 1.1
100 91.6 1.1

Ose 92.7 0.0 1.1
100 91.5 1.2

Os3 92.6 0.1 1.1
100 91.5 1.1

Ose 92.5 0.1 1.0
100 91.4 1.1

Oss . 92.4 0.1 1.0
100 91.3 1.1

Oss 92.3 0.1 1.0
100 91.2 1.1

Oss 92.2 0.1 1.0
100 91.2 1.0

Oss 92.2 0.0 1.0
100 91.2 1.0

Oso 92.2 0.0 1.0
100 91.2 1.0

Oso 92.2 0.0 1.0
200 22) 87.2 5.0

o2} 91.1 1.1 3.9
200 86.3 4.8 .

O 90.5 0.6 4,2
200 86.2 4.3

03 90.1 0.4 3.9
200 86.0 4.1

Oy 89.8 0.3 3.8
200 85.7 4.1

0Os 89.5 0.3 3.8
200 85.3 4.2

Og 89.2 0.3 3:9
200 85.1 4.1

0O; 89.0 0.2 3.9
200 85.1 3.9

Og 88.8 0.2 3.7
200 84.8 4.0

O 88.6 0.2 3.8
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kg ER 0B £33 BEES HOGES

200 84.7 3.9

O10 88.4 0.2 3.7
200 84.5 3.9

Ou 88.2 0.2 3.7
200 84.2 4.0

O12 88.0 0.2 3.8
200 84.2 3.8

O13 87.9 0.1 3.7
200 L 84.1 3.8

0w , 87.8 0.1 3.7
200 I 84.0 3.8

O1s i 87.7 0.1 3.7
200 83.8 3.9°

O16 87.5 0.2 3.7
200 83.7 3.8

O17 87.4 0.1 3.7
200 83.6 3.8

O1s 87.3 0.1 3.7
200 83.4 3.9

O19 87.2 0.1 3.8
200 83.3 3.9

Oz0 87.1 0.1 3.
200 83.3 3.8

Oz21 87.0 0.1 3.7
200 . 83.2 3.8

02 | 86.9 0.1 3.7
200 . 83.1 3.8

Og3 86.8 0.1 3.7
200 83.0 3.8

O24 86.7 0.1 3.7
200 83.0 3.7

Ogs . 86.6 0.1 3.6
200 | 82.9 3.7

Oz¢ | 86.5 0.1 3.6
200 | 82.8 3.7

Oz7 } 86.4 0.1 3.6

F/THE XYM, BELAWC LS

EEDOHER
B Estons 2TE | BEE NETA
kg(kg/cm®) ™" ‘
o) 91.1

100(11)| 88.6 2.4

X 89.4 1.6 0.8
100 87.4 2.0

Oz 88.4 1.0 1.0
100 - 87.0 1.4

O3 88.0 0.4 1.0
100 86.6 1.4

Os 87.5 0.5 0.9
100 86.0 1.5

0s 87.0 0.5 1.0
100 85.6 1.4

Os 86.7 0.3 1.1
100 85.6 1.1

O 86.5 0.2 0.9
100 85.6 0.9

Os 86.5 0.0 0.9
100 85.4 1.1

Og 86.4 0.1 1.0
100 85.4 1.0

Oro 86.3 0.1 0.9
100 85.3 . 1.0 -

Ont 86.2 0.1 0.9
100 85.2 1.0

Oz 86.1 0.1 0.9

100
O13

- 100

O1s
100
Os5
100
O16
100
O17
100
O1s
100
O19
100
Osz0
100
Oz1
100
Oz2
100
Ozs
100
Ogy
100
Ozs
100
Oz
100
Oz
100
Oz
100
Oz9
100
O30
100
Os1
100
O3z
100
Oss
100
Oz
100
Oss
100
Ose
100
Oz
100
Osg
100,
Osg
100
Oso
100
O41
100
Oz
100
Oss
100
[om
100
Ogs
100
Osg
100
Osz
100
Oss
100

85.0
86.0
84.9
85.9
84.6
85.8
84.4
85.7
84.3
85.6
84.2
85.5
83.8
85.2
83.7
85.0
83.6
84.9
83.5
84.9
83.5
84.9
83.4
84.8
83.4
84.8
83.4
84.8
83.4
84.8
83.3
84.7
83.3
84.7
83.3
84.7
83.2
84.6
83.2
84.6
83.2
84.6
83.2
84.6
83.2
84.6
83.1
84.6
83.1
84.6
83.1
84.6
83.1
84.6
83.1
84.6
83.0
84.6
83.1
84.6
83.0
84.6
83.0
84.6
83.0
84.6
83.0
84.6
83.0
84.6
82.9
84.6
82.9

1.1
1.1
1.3
1.4
1.4
1.4
1.7
1.5

1.4

1.4
1.4
1.4

1.5

1.6
1.5
1.6
1.6
1.6
1.6
1.6
1.7
1.7

0.1
0.1
0.1
0.1
0.1
0.1
0.3
0.2
0.1
0.0
0.0
0.1
0.0
0.0
0.0
0.1
0.0
0.0
0.1
0.0
0.0
0.0
0.0

0.0

- 0.0

0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0

0.0

1.0
1.0
1.2
1.3
1.3
1.3
1.4
1.3
1.3
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.5

1.5

1.5
1.5
1.6
1.5
1.6
1.6
1.6
1.6
1.6

1.7




ke ER OB R AR REEAMEES
Oso 84.6 . 0.0 1.7
100 82.9 1.7 ¢ . L
Oso 84.6 | 0.0 | 1.7
500(56)| 74.7 - 9.9 |-
(N} 83.5 1.1 8.8
500 74.7 8.8 :
Oy 83.4 0.1 - 8.7
500 74.7 - 8.7
Os 83.3 0.1 8.6
500 - 74.7 ¢ 8.6
04 83.3 0.0 8.6
500 74.7 8.6
05 83.3 0.0 8.6
500 74.7 8.6
Os 83.2 0.1 8.5
500 74.7 8.5
o 83.1 0.1 8.4
500 74.7 8.4
Og 83.1 . 0.0 8.4
500 74.7 8.4
O 83.0 0.1 8.3
500 74.7 8.3
O10 83.0 . 0.0 8.3
500 74.7 - 8.3
Oy 83.0 0.0 8.3
500 74.7 8.3
Ogp 83.0 0.0 8.3
500 74.7 8.3
O3 83.0 ) 0.0 8.3
500 74.7 8.3
O14 82.9 0.1 8.2
500 74.7 8.2
O15 82.9 0.0 © 8.2
500 74.7 8.2
O16 82.9 0.0 8.2
500 74.7 8.2
Oy7 82.9 0.0 8.2
500 74.7 8.2
O1s 82.9 Q.0 8.2
BE < FEHIRELARC X
ZEOHR
W B mmtoms| axg Bussmasa
kg (kg/em?) [*=F =
0 82.7
500(55) 67.4 15.3
(o1} 77.7 5.0 10.3
500 64.5 13.2
0z 74.5 3.2 |.-10.0
500 60.4 14.4
0s 71.7 2.8 | 11.3
500 78.0 13.7 .|
04 70.0 . 1.7 12.0
500 56.9 13.1
05 69.0 1.0 | 12.1
500 56.0 13.0 . :
06 68.2 0.8 | 12.2
500 55.5 12.7
0 67.7 oL 0.5 12.2
500 55.2 12.5°
Og 67.2 . 0.5 12.0
500 55.0 12.2
Oq 66.9 0.3 | 11.9
500 55.0 11.9 .
O10 66.5 0.4 11.5

Oy

500
Ozs

54,7
66.0

54.6
65.7
54.4
65.6
54.3
65.3
54.3
65.0
55.7
64.6
55.9
64.4
56.0
64.1
56.0
63.9
56.3
63.8
57.0
63.7
57.7
63.7
57.9
63.7
58.2

63.6 :

58.7
63.5
58.9
63.4
59.0
63.4
59.0
63.0
59.1

63.3 -

59.2
63.3
59.3
63.3
59.3
63.2
59.3
63.1

- 59.4
63.0 -

59.5

63.0 -

59.5

63.0

59.6

63.0 .

59.6
62.9

59.7

62.9
59.8
62.9
59.9
62.9
60.0
62.9
60.0
62.9
60.0
62.9
60.0
62.9
60.1

| 62.9

60.3

11.8
11.4
11.3
11.3
11.0

9.3°

8.7
8.4
8.1

7.6
6.8
6.0
5.5

5.5
4.9
4.6
4.4

4.4

4.2
4.1

4.0

4.0

3.9 -
3.7 -

3.5
3.5

3.4
3.4,
3.2 |

3.1
3.0

2.9

2.9
2.9
2.9
2.8

2.6

0.5
0.3
0.1
0.3
0.3
0.4
0.2
0.3
0.2
0.1
0.1
0.0

0.0

0.1
0.1

0.1

0.0

0.1
0.0

0.0

0.0

0.1

0.1
0.1
0.0
0.0
0.0
0.1
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
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11.3
11.1
11.2
11.0
10.7
8.9
8.5
8.1
7.9
7.5
6.7
6.0
5.8
5.4
4.8
4.5

4.4

T 4.3

4.2
4.1
4.0

3.9
3.8
3.6
3.5
3.5
3.4
3.3
3.2

3.1
3.0
2.9
2.9
2.9
2.9
2.8
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ke (kgjonn) ER 03| 252 Ramalnaza

Og7 62.9 0.0 2.6
500 60.4 2.5

Ous 62.9 0.0 2.5
500 60.4 2.5

Oo 62.8 0.1 2.4
500 60.5 2.3

Oso 62.8 0.0 2.3
500 60.7 2.1

Os1 62.8 0.0 2.1
500 60.7 2.1

Os2 62.7 0.1 2.0
500 60.8 1.9

Oss 62.7 0.0 1.9
500 60.8 1.9

Os4 62.7 0.0 1.9
500 60.8 1.9

Os5 62.7 0.0 1.9
1000 111} 44 .4 18.3

(o}t 61.8 0.9 17.4
1000 45,7 16.1

Oz 60.7 1.1 15.0
10C0O 45.7 15.0

O3 90.3 0.4 14.6
1000 45.7 14.6

Oy 60.2 0.1 14.5
1000 45.8 14.4

Os 60,0 0.2 12.2
1000 45.9 14.1

Os 59.9 0.1 14.0
1000 46.0 13.9

0Oy 59.8 0.1 13.8
1000 46.6 13.2

Os 59.7 0.1 | 13.1
1000 47,0 12.7

Os 59.6 0.1 | 12.6
1000 48.2 11.4

010 59.5 0.1 11.3
1000 48,5 11.0

On 59.4 0.1 10.9
1000 48.8 10.6

O12 59.3 0.1 10.5
1000 48.8 10.5

O13 59.3 0.0 10.5
1000 48.8 10.5

O14 59.2 0.1 10.4
1000 49.5 9.7

Oss 59.2 0.0 9.7
1000 50.2 9.0

O1e 59.1 0.1 8.9
1000 50.2 8.9

O17 59.1 0.0 8.9
1000 50.2 8.9 -

O1s 59.1 0.0 8.9
1000 50.2 8.9 '

Oy 59.1 0.0 8.9
1000 50.2 8.9

Ozo 59.1 0.0 8.9
1000 50.2 8.9

Og 59.0 0.1 8.8
1000 50.2 8.8

Oz 59.0 0.0 8.8
1000 50.2 8.8

Ozs 59.0 0.0 8.8
1000 50.2 8.8

Ozq 59.0 0.0 8.8
1000 50.2 8.8

Ogs 59.0 0.0 8.8

HoF XFHME, ﬁiﬁ.béﬁm;%

FEEOHR
O o) BEOMS| 2B RS HEEA
kg (kg/cm®) =" -

0 88.7

500 74.2 14.5 ‘

o 85.0 3.7 10.8
500 72.2 12.8 ‘

Oq 84.7 0.3 | 12.5
500 71.8 12.9

Os 84.6 0.1 12.8
500 71.7 12.9

oA 84.6 0.0 12.9
500 71.3 13.3

0s 84.6 0.0 13.3
‘500 71.3 13.3

Os 84.6 0.0 13.3
500 71.2 13.4

Or 84.6 0.0 13.4
500 71.6 13.0

Os 84.6 0.0 13.0
500 71.9 12.7

Op 84.6 0.0 12.7
500 71.9 12.7

Oro 84.6 0.0 12.7
500 72.0 12.6

Out 84.6 0.0 12.6
500 72.0 12.6

Oz 84.6 0.0 12.6
500 72.3 12.3

O3 84.6 0.0 12.3
500 72.5 12.1

O14 84.6 - 0.0 12.1
500 72.9 11.7

Ors 84.6 0.0 1.7
500 72.9 11.7 7|

O16 84.6 0.0 1.7
500 73.6 11.0

Oz 84.6 0.0 11.0
500 73.9 10.7

O1s 84.6 0.0 10.7
500 74.3 10.3

O1e 84.6 0.0 10.3
500 74.6 10.0

0Ozo 84.6 0.0 |.10.0
- 500 75.0 9.6

0Os1 84.6 0.0 9.6
500 75.2 9.4

Ozz 84.6_ | . 0.0 9.4
500 75.4 9.2

Ozs 84.6 0.0 9.2
500 75.7 8.9

O2s 84.6 0.0 8.9
- 500 76.0 8.6

Ozs 84.6 0.0 8.6
500 76.2 8.4

0Oz6 84.6 0.0 8.4
500 76.5 8.1

Ogz 84.6 0.0 8.1
500 76.7 7.9

Ozs 84.6 0.0 7.9
500 76.7 7.9 ,
_ Og 84.6 0.0 7.9
500 76.9 7.7

Oso 84.6 0.0 7.7
500 77.1 7.5

Os; 84.6 0.0 7.5
500 77.2 7.4
. Osz 84.6 0.0 7.4
500 77.3 7.3

0Oss 84.6 0.0 7.3




500

©31.4
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BB espgin TR BEEsnEEs "0 | 439 0.6 | 12.5
kg(kg/ecm?) ‘
500 30.8 13.1
500 77.5 7.1 Os 43.1 0.8 | 12.3
Ose 84.6 0.0 7.1 500 30.1 13.0
500 77.6 7.0 - Op 42.7° ‘ 0.4 | 12.6
Oss 84.6 0.0 7.0 500 29.7 13.0
500 77.6 7.0 010 42.3 i 0.4 12,6
Ose 84.6 0.0 7.0 500 29.4 12.9
500 77.6 7.0 Ont 41.8 0.5 12.4
Osz 84.6 ~ 0.0 7.0 500 28.8 13.0
500 77.8 6.8 Oz 41,5 0.3 |- 12.7
Oss 84.6 0.0 6.8 500 28,5 13.0
500 78.1 6.5 Ors 41.2 0.3 | 12.7
Ose 84.6 0.0 6.5 500 28.0 13.2
500 78.4 6.2 O1s 40.9 ) 0.3 | 12.9 -
Oso 84.6 0.0 6.2 500 27.6 13.3
500 78.8 5.8 O15 40.7 _ 0.2 | 13.1
Oq 84.6 0.0 5.8 500 27.5 13,2
500 79.0 5.6 Ore 40.5 0.2 | 13.0
Os2 84.6 0.0 5.6 500 27.2 13.3 ‘
500 79.2 5.4 017 40.2 0.3 13.0
Ous 84.6 0.0 5.4 500 26.7 13,5 :
500 79.3 5.3 O1s 40.0 , Ca | 13.3
Ous 84.6 0.0 5.3 500 26.5 13.5
500 79.3 5.3 _ Orte 39.9 0.1 | 13.4
Oss 84.6 0.0 5.3 500 26.5 13.4 '
- Oz0 39.8 , 0.1 13.3
. 500 26.3 13.5
. . Oz1 39.6 0.2 13.3
H10 £ XFUPH, BELARFCL? 500 26.0 13.6
FEOHER Oz2 39.5 0.1 13.5
500 25.7 13.8 .
? - 5 o 39.4 0.1 13.7
o ERTOTA| B EEE RS s0 | 257 | 13.7
O2s 39.3 0.1 13.6
0 55.0 500 25.5 13.8
500(56) | 38.9 16.1 Ozs 39.1 0.2 13.6
o 50.8 4.2 | 11.9 500 25.2 13.9
500 35.9 14.9 Oss 39.0 , 0.1 13.8
Oz 48.8 2.0 12.9 500 25.1 13.9
500 35.2 13.6 Oz 38.9 0.1 13.8
Os 47.3 1.5 12.1 500 24.8 14.1
500 33.9 13.4 Ozs 38.9 0.0 14.1
o 46.3 1.0 12.4 500 24.6 14,3 .
500 32.9 13.4 Ozo 38.9 0.0 | 14.3
05 45.2 1.1 12.3 500 24.6 14.3
500 32.0 13.2 0Oso 38.9 : 0.0 14,3
Os 445 | 0.7 12.5 ,
%11 % A—RBREC X 52 FEHE, BMIcRT 2BE LR & 2 BB O
kg(kg/em®) |re o = p
Ftoms] & B # | BEEs | BEEL |FHOWA| 2 F & | BRES | OEES
0 104.5 96.5
1000(110) 73.3 31.2 66.6 29.9 i
o) 96.3 8.2 23.0 93.4 3.1 26.8
1000 72.6 23.7 , 65.7 27.7
Op 95.3 1.0 22.7 93.1 i 0.3 27.4
1000 72.9 22.4 66.0 27.1
Os 93.3 2.0 20.4 93.0 0.1 27.0
1000 71.7 21.6 66.3 26.7 o
04 92.4 0.9 20.7 93.0 0.0 26.7
1000 71.0 21.4 66.5 26.5
o 91.3 1.1 20.3 93.0 0.0 - 26.5
1000 70.1 21.2 66.7 26.3
Os 90.9 0.4 20.8 93.0 0.0 '26.3
1000 69.3 21.6 66.9 | 26.1
Oq 90.2 0.7 20.9 93.0 0.0 26.1
1000 68.8 21.4 | 67.0 26.0 :
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®/ B & 8 N #* R
kg(kg/em?) |FERtOHA| £ F & | BEES | AT |Zdtons £ % & | BEE% | WHEEA
© O 89.8 R 0.8 21.0 93.0 o .0.0 26.0

1000 68.4° 21,4 : 67.1 25.9 ,
Op 89.0 : 0.2 20.6 93.0 , 0.0 25.9
1000 67.8 21.2 67.2 25.8
< O 88.8 0.8 21.0 93.0 ‘ 0.0 25.8
1000 66.9 21.9 67.5 25.5
< Oy 88.0 0.3 21.1 93.0 : 0.0 25.5
. 1000 66.3 21.7 67.6 25.4 '
Or2 87.7 * 0.4 21.4 93.0 © 0.0 25.4
. 1000 66:3 21.4 67.8 25.2
o Oy 87.3 0.4 21.0 93.0 0.0 25.2
1000 66:0 21.3 : 67.9 25.1 _
Ors 87.1 0.2 21.1 93.0 0.0 25.1
1000 65.9 21.2 68.1 24.9
O3 86.8 0.3 20.9 93.0 0.0 24.9
1000 65.7 21.1 68.2 24.8
Ote . 86.5 0.3 20.8 93.0 } 0.0 24.8
1000 65.4 21:1 68.2 24.8
- Oy 86.3 0.2 20.9 93.0 0.0 24.8
1000 65.4 20.9 . 68.3 24.7
O1a 86.0 . 0.3 20.6 93.0 0.0 24.7
1000 64.8 21.2 ' 68.3 24.7
Otg 85.8 0.2 21.0 93.0 . 0.0 24.7
1000 || 64.9 20.9 ‘ 68.4 24.6
© O+ |  85.4 : 0.4 20.5 93.0 0.0 24.6.
1000 64.8 20.6 68.5 24.5
- Oy 85.3 . 0.1 20.5 93.0 .} . 0.0 24.5
1000 64.7 20.6 68.5 24.5 o
-7 O 84.9 L 0.4 20.2 93.0 ' 0.0 24.5
1000 64.1 20.8 } 68.7 24.3
© Oy 84.5 - 0.4 20.4 93.0 | .. . 0.0 |- 24.%
1000 64.0 20.5 6817 ©24.3 : ~
" Ou 84.2 0.3 20.2 93.0 0.0 24.3:
1000 63.9 20.3 C 168.7 24.3
Ozs 84.1 : 0.1 20.2 93.0 : . 0.0 24.3
1000 63.9 20.3 ’ 68.7 24.3 ~
-~ Qg 83.8 ' 0.3 19.9 93.0 ’ 0.0 24.3
1000 63.8 20.2 o : 68.8 24.2
-~ Oy 83.7 0.1 19.9 93.0 . 0.0 24.2
1000 63.7 20.2 68.8 24.2
7 O 83.5 0.2 19.8 93.0 . 0.0 24.2
1000 63.4 20.1 68.9 24.1 :
Ozo 83.2 0.3 19.8 93.0 B 0.0 24.1
1000 63.4 19.8 ‘ ~ 68.9 24.1
O3 ° 83.1 ‘ 0.1 19.7 93.0 0.0 24.1
TT1000 7T 632 7 1 19,9 ' 68.9 24.1
Os1 82.8 0.3 19.6 93.0 0.0 24.1
1000 63.3 “19.5 = e 69.1 23.9 I
Osz 82.7 0.1 19.4 93.0 0.0 23.9
1000 63.2 19.5 N 69.1 23.9
Os3 82.6 . 0.1 19.4 93.0 ‘ 0.0 23.9
T, 1000 63.1 19.5 , 69.1 23.9 :
T O 82.4 : 0.2 {™19.3 93.0° 0.0 23.9
1000 63.0 19.4 ‘ : 69.1 23.9
Oss 82.3 0.1 19.3 93.0 - 0.0 23.9
1000 62.8 19.5 ‘ 69.1 23.9
" Oge 82.1 0.2 19.3 93.0 0.0 23.9
1000 62.7 19.4 69.1 23.9 o
" Om 82.0 0.1 19.3 93.0 | 0.0 | '23.9
1000 62.6 19.4 69.1 23.9 . _3 s
Oss 81.9 ; 0.1 19.3 93.0 : 0.0 23.9
1000 62.4 19.5 69.2 23.8 :
. O 81.7 0.2 19.3 93.0 0.0 23.8
1000 62.3 19.4 69.2 23.8
" O 81.6 0.1 19.3 93.0 0.0 23.8
1000 62.2 19.4 69.2 23.8
" O 81.4 0.2 - 19.2 93.0 0.0 23.8
1000 62.0 - 19.4 69.2 23.8
- O 81.4 0.2 19.2 93.0 0.0 23.8
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103 < SEHDBELARNC I AEROME  HUBE A LEHE RELARC L 2 BROMR

ERRBOKEE, TE 500kg BOPHEC B2 L CRERERAE, T 500 ke (65 kelem®)
BELAHEN & R | BEEs | DEE3  RELAWDNR| 2 # & | BEEL | FEES
1 17.9 | 9.4 8.5 1 1 153 -7 4.9 10.4
2 8.5 0.3 8.2 2 13.9 -« 1.9 | 12.0
3 8.3 0.1 8.2 3 13.5 1.5 12.0
4 8.7 0.4 8.3 4 13.5 .1 1.0 12.5
5 8.8 0.3 8.5 5 13.4 1.1 12.3
6 8.9 1.5 7.4 6 13.2 0.8 12.4
7 9.1 - 0.7 8.4 7 13.0 0.6 12.4
8 9.1 0.4 8.7 8 13.0 0.9 12.1
9 8.9 0.4 8.5 9 12.5 0.4 12.1
10 8.5 0.3 8.2 10 12.7 0.5 12.2
11 8.4 0.3 8.1 11 12.9 0.5 12.4
12 8.3 0.1 8.2 12 13.0 0.6 12.4
13 8.4 - 0.2 . 8.2 13 12.8 0.4 12.4
14 8.4 0.1 8.3 14 12.8 0.4 12.4
15 8.4 0.2 8.2 15 12.8 0.4 12.4
16 8.3 0.3 8.0 16 12.8 0.3 12.5
17 8.1 - 0.9 7.2 17 13.1 0.6 | -12.5
18 8.1 1.0 7.1 18 12.8 0.1 12.7
19 7.8, 0.3 7.5 19 13.0 .| 0.2 12.8
20 7.8 0.5 7.3 20 13.1 0.2 12.9
21 8.2 0.2 8.0 21 13.2 - 0.2 13.0
22 7.1 0.1 7.0 22 13.2 - 0.2 13.0
23 6.0 . 0.2 5.8 23 13.3 0.3 13.0
24 6.0 . 0.0 6.0 24 13.2 0.1 13.1
25 13.2 0.1 13.1
R , .26 13.5 0.3 13.2
H13% R KD, BOE LERC L 2 EROHER gg {gg : g-f igé
. FRBORIEE, FE 500kg 29 13.3" 0.2 13.1
N _ 30 13.3 0.1 13.2
ﬁ:;iLﬁﬁﬂE& & B | BEEA | HEER 31 13.4° 0.1 13.3
T 82,2 2.2 30.0 32 18.7 - 0l 13.6
. 33 13.8 0.3 13.5
2 29.5 0.9 28.6 J
34 13.5 - 0.1 13.4
3 29.0 0.5 28.5 35 13.5 0.1 13.4
4 29.3 0.4 28.9 : :
5 30.0 0.5 29.5 36 13.5 0.2 13.3
6 29.8° 0.5 | 20.3 37 18.5 1 0.1 13.4
\ 38 13.7 0.1 13.6
7 29,9 0.6 29.3
39 13.7 . 0.1 13.6
8 29.5 0.3 29.2 a0 13,7 o1 156
9 . .29,7 0.2 | 29.5 o : :
10 29.9 - 0.4 29.5 41 13.7 ¢ 0.2 13.5
42 13.7 0. .6
1 2.8 0.3 29.5 43 13.9 02 127
12 29.9 | 0.2 29.7 44 13.9 ol 158
13 29.8 0.1 29.7 45 14.0 0’1 13.9
14 30.0 0.1 29.9 : : s, ]
15 30.1 - 0.5 29.6 46 14.4 0.1 | -14.3
47 14, 0. 4.4
16 30-2 B 002 30.0 48 14.2 N o.} 14.3
17 30.2", 0.1 30.1 49 14.6 0.1 < 14,5
18 30.2 0.1 30.1 50 V14' 6 0.1 i 1’4’ 5
19 30.3 0.1 30.2 ) . : )
20 30.3 0.0 | 30.3 E ‘ -
21 30.5 0.2 30.3 HI5H A¥XEHBERHE, BELAFHC LS
22 30.7 0.3 30.4 FEEOHR, HE 500
23- 31.1 0.2 30.9 S, WE M0k
24 31,1 . 0.1 | 31.0 . : .
2 sl.l.p ool a0 W LRI | & T & | REES | BEES
26 8.5 0.0 | . 317 o1 | 16| 48 11.8
27 31.9°] 0.0 | 31.9 2 13.4 . 1.6 11.8
28 32.1 0.0 | 32.1 3 13.7 . 0.9 12.8
29 32.7 . 0.0 | 32.7 4 12.9. .| 0.9 12.0
30 32.7. 0.0 | 327 5 12.7. 7 0.9 11.8
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22

4.5 0.1 4.4
WELAREE| & F R | BEELR | HEES 23 4.6 0.1 4.5
: 24 4.6 0.2 4.4
18 5.0 0.2 4.8- 25 4.5 0.1 4.4
19 4.8 0.2 4.6 2 4.5 0.2 4.3
20 4.8 2.1 4.7 27 4.4 0.1 4.3
; 28 4.2 0.1 4.1
5 REHE ‘i 29 4.3 0.2 4.1
30 4.2 0.1 4.1
21 | 5.2 0.4 | 4.8
218 £ HEAIEREE, BS—ENRcBEsRE (8 57 RBR)
#w B m OB F o B K ) BUEE
kg (kg/em?) & BB | BEEAL | OEEA (%)
No. | SEHE | SRHE | Sk,
11 0.40 0.35 13.3 4.1 2.3 1.8 56.1
12 0.40 0.35 13.0 3.0 1.9 1.1 63.3
13 0.41 0.36 14.0 3.3 2.0 1.3 60.6
100011 14 0.39 0.34 13.5 3.6 2.1 1.5 58.3
15 | 0.38 0.33 13.3 3.1 1.6 1.5 51.6
16 0.40 0.34 13.8 2.9 1.6 1.3 55.2
17 0.38 0.33 14.0 3.2 1.9 1.3 59.4
18 0.42 0.38 13.1 3.7 2.0 1.7 54.1
l o | 57.3
| 2 0.38 0.33 13.3 8.4 3.9 4.5 46.4
22 0.40 0.35 13.8 7.1 3.8 3.3 53.5
23 0.39 0.34 13.0 6.6 3.6 3.0 54.5
24 0.40 0.36 13.2 6.8 4.1 2.7 60.3
200(22) 25 0.41 0.36 13.2 7.3 3.7 3.6 50.7
26 0.40 0.35 13.2-. 1 8.1 - 3.8 4.3 46.9
27 0.38 0.33 13.7 5.9 2.9 3.0 49.2
28 0.42 0.38 14.0 7.4 3.9 3.5 52.7
‘ \ l T o ‘ 51.8
31 0.41 0.36 14.0 20.4 4.6 15.8 22.5
32 0.42 0.36 13.9 15.7 3.7 12.0 23.6
33 0.40 0.34 13.0 16.5 4.0 12.5 24.2
34 0.40 0.35 13.3 18.1 4.1 14.0 22.7
500(55) 35 0.39 0.33 13.4 19.8 4.3 15.5 21.7
36 0.38 0.33 13.7 18.4 4.2 14.2 22.8
37 0.39 0.34 13.6 25.9 5.4 20.5 20.8
38 0.39 0.33 14.0 20.1 4.4 15.7 21.9
} T o3 l 22.5
41 0.39 0.34 14.5 | 30.4 5.7 24.7 18.8
42 0.39 0.34 13.0 29.8 5.2 24.6 17.4
43 0.38 0.33 13.1 30.0 5.6 24.4 18.7
1000 44 0.41 0.36 13.3 41.1 7.7 33.4 18.7
45 0.41 0.36 14.0 39.6 7.9 31.7 19.9
46 0.38 0.33 14.2 36.2 6.5 29.7 18.0
47 0.42 0.37 14.2 33.7 6.0 27.7 | 17.8
48 0.42 0.36 13.9 31.9 5.4 26.5 | 16.9
S 18.8
51 0.42 0.38 13.9 51.3 7.7 43.6 15.0
52 0.42 0.37 13.6 46.6 7.9 38.7 - | - 16.9
53 0.40 0.34 13.0 59.2 10.1 49.1 17.1
1500 54 0.41 0.35 13.3 60.1 8.4 51.7 14.0
55 039 0.34 13.7 58.7 8.4 49.9 15.1
56 0.39 | 0.34 13.5° 49.9 7.9 -42.0 15.8
57 0.41 0.34 14.5 60.3 10.2 50.1 16.9
58 0.38 0.33 14.0 55.4 8.1 47.3 | 14.6
. ]
| | | | | EE IR




56

wom | B B K o & ® | U B e
kg (kg/cm?) - & EE | BIEELX | IEZA %)
No. | KHME | 2UUR | ks, I
61 0.38 0.33 13.5 85.1 11.0 74.1 12.9
62 0.38 0.33 13.9 67.1 8.6 58.5 12.8
63 0.38 0.34 13.6 70.9 9.9 61.0 13.9
2000 64 0.38 0.33 13.0 69.3 9.1 60.2 13.1
65 0.40 0.35 14.2 61.5 8.3 53.2 13.6
66 0.40 | " 0.36 13.2 77.4 10.9 66.5 14.1
67 0.42 0.36 14.0 74.8 9.9 64.9 13.2
68 0.39 0.33 13.1 59.9 9.1 50.8 15.2
RV ] 13.6
71 0.38 0.33 14.0 106.1 23.3 82.8 21.9
72 0.42 0.37 13.8 103.4 23.8 79.6 23.0
73 0.41 0.36 14.2 111.5 22.0 89.5 19.7
2500 74 0.42 0.38 13.3 96.9 23.5 73.4 24.3
75 0.39 0.34 13.1 98.7 18.7 80.0 18.9
76 0.39 0.34 13.9 100.3 25.1 75.2 25.0
77 0.40 0.35 14.1 114.4 24.6 89.8 21.5
78 0.40 0.34 13.0 117.4 22.3 | 95.1 19.0
‘ o | 2.7
1000 111 56.6 4.5
i ‘ 1100 122 60.9 4.3
HIOR A¥, WHE—DHE, B 1200 134 65.0 4.1
BB B —ER 1300 145 69.0 4.0
1400 156 73.1 4.1
w = ~ ' 1500 167 77.1 4.0
kg ke/em? | ERTOHSA é@iﬁ)ﬁu 1600 178 8l1.1 4.0
o o o 1700 189 85.0 3.9
100 1 £.g 5.0 1800 200 88.9 3.9
20 2 112 o 1900 213 92,9 4.0
300 33 17.8 6.6 2000 223 9.8 3.9
400 45 26.3 8.5 2100 234 100.7 3.9
500 56 2.1 5.8 2200 245 104.7 4.0
2300 256 108.7 4.0
600 67 37.1 5.0 2400 267 112.6 3.9
700 78 42.2 5.1 . .
800 89 47.2 5.0 2500 278 118.0 5.4
900 100 52,1 4.9 2600 289 126.2 8.2
20k Irwvitrox-0mEL
CEMEDOHEIE Lis\ b DINEE EBMCTRE L B bt 5 D)
HBRFOBEE | & B ’ 0 r 5 ] 10 | 20 .| 30 0 50 i{ﬁgogg
: + | 287 | 2210 | 2.01 | 1.68 | 1.62
. A { T 242 | 233 | 1.95 | 1.e7 28
A DH | L {+ 213 | 1.96 | 1.78 | 1.56 | 1.56 | : _
' - 2.15 1.99 1.68 1.60 | 1.56(35%)
% {+ 2.53 | 2.54 | 2.44 | 1.97 | 1.91
% - 2.3¢ | 2.14 | 1.8 | 1.75
A O | 4 {+ 3.22 | 242 | 2.47 | 1.86 | 1.80 28
- ‘ 2.03 | 1.95 | 1.85 | 1.76
- {'+ 1.98 | 1.78 | 1.72 | 1.52 | 1.40 13.2 | 1.31(45%)
E=3 - 2.02 1.93: 1.76 1.68 1.67 1.58(45°) 27
A; D %= {-1— 1.64 1.67 1.52 1.34 1.23 12.6
; ‘ - 1.55 | 1.38 | 1.27 | 1.14 1.22
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aﬁ%bﬁgl: s E | o 5 10 | 20 30 40 50 *{'ﬁtogﬁ?
- {+ 1.45 | 1.29 | 1.17 | 0.98 | 0.94 | 0.86 |0.84(45%)
E3 - 1.54 | 1.53 |~1.23 1.10 0.92 |0.96( 1) %
A, O E{J“ 1.65 | 1.51 | 1.39 | 1.24 | 1.15 1.07 1.08( ") _
- 1.61 1.54 1.32 1.14 1.07 1.07( ")
E {+ 2.31 2.05 1.92 1.82 1.84 1.85
% - 2.32 | 2.24 | 2.13 1.92 1.78 ‘
LY S {+ 2.24 | 227 | 2.24 | 2.08 | 1.87 | 1.78 28
- 2,14 2.02 2.08 1.75 1.80
& {+ 1.96 1.88 1.73 1.52 1.39 1.29 ) _
#® - 1.97 1.94 | -1.69 1.53 1.38 1.30 ,
A, oy = {+ 2.00 2.03 1.88 1.58 1.39 1.34 1.30 27
- 1.82 1.62 1.40 1.38 1.36 1.28
o {+ 2.42 2.33 2.16 1.86 1.70 . 1.60
F - 2.35 2.20 1.98 1.83 1.68 28
A, DA £ {+ 2.26 2.24 2.12 1.96 1.83 1.76 .
- 2.20 2.15 2.10 1.92 1.80
A {+ | 1.78 1.59 1.48 1.22 1.08 1.08
x5 - 1.72 1.56 1.32 1.22 1.22 1.18(45%) 27
A, D £ {+ 1.80 1.81 | 1.73 1.45 1.28 1.22 | 1.22
- 1.66 | .1.53 1.33 | 1.23 1.23
5 {+ - 2.02 1.83 | 1.70 1.48 1.33 1.33 30
=% - 2.08 | 1.93 | 1.62 | 1.52 1.48 1.50
Ay DI | {+ 1.95 1.98 1.88 1.61 | 1.46 |  1.52 1.44 -
- | 1.74 1.62 1.51 | 1.27 1.47
?Ef{ 1.57 1.51 1.28 0.95 0.82 0.87
% - 1.33 1.17 0.85 0.75 0.75 o
A; D E{ 1.47 1.36 1.12 0.70 0.75 0.70 .23
- 1.25 1.06 | 0.65 0.65 0.75 .
= {+ 1.75 1.70 1.57 1.28 1.12 1.08 29
E=3 - 1.67 1.52 1.27 1.12 1.02
A; D4 Sz {+
& {+ 1.70 1.60 1.52 1.32 1.17 1.10 -
E - 1.70 | 1.57 | 1.42 | 1.25 1.25
A DW | L {+ 1.74 | 1.68 | 1.58 | 1.37 | 1.24 | 1.21 29
- 1.61 1.52 1.30 1.17 1.22
= {+ 1.70 1.67 | 1.52 1.19 1.05 | 1.04 26
=® - 1.14 1.43 1.22 | 1.12 1.22 o
A, D4t = {—l- ) . :
#H {+ 2.22 2.03 | 1.76 1.44 1.38 1.32 1.34 .
&% - 2.05 1.78 1.53 1.40 1.36 1.33 ,
Ay DR %= {+ 2.02 1.85 | 1.63 1.35 1.22 1.23 |- . 25
, - 1.94 1.75 1.44 1.34 1.24
£{+ 1.65 | 1.51 | 1.40 1.08 1.02 0.94 . 0.93
& - 1.38 1.10 1.98 0.92 2%
A, D4 £ {+ 1.52 1 .48 1.20 04 1.04
- 1.40 1.26 1.05 .05
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n . pY7A =a
BBAOHE | # | 0 ' 5| 10 20 1 30 ! 40 50 :“fﬁégm
o {+ 2.30 | 2.05 1.85 1.61 1.53 1.52
=3 - 2.30 | 2.07 1.68 1.53 1.53
7
A, O - {+ 2.3 2.12 | 2.00 1.73 1.53 1.52 2
- 1.83 1.70 1.48 1.52 1.31
= {+ 2.24 | 2.21 2.04 1.76 1.56 1.53 ©1.50 -
10 kg/cm? . 2.14 | 2.08 1.77 1.56 1.53 1.83 |
iy g{t | 206 208 200 | L6 | Lst | 15l Z
4 - 1.92 1.76 1.58 1.53 1.53
% {+ 2.45 | 2.31 2.06 1.86 1.76 1.65
10 kg/cm? - 2.43 | 2.21 1.83 1.66 1.66 30
B % {+ 2.38 | 2.41 2.35 | 2.05 1.87 1.79 1.76
%] - 2.35 2.22 1.94 1.87 1.76
# {+ 2.09 2.10 2.04 2.02 1.91 - 1.85 1.78 _
10 kg/cm? - 2.07 2.07 2.02 1.90 1.84 1.92
#H E]{+ 2.21 2.14 2.02 1.78 ° 1.64 1.55 1.48 "37
A - 2.14 2.00 1.85 | 1.74 1.63 1.48
= {+ 1.97 | 1.72 1.52 1.25 1.22 1.12 1.2
10 kg/cm? - 2.01 1.81 1.44 1.37 1.24 1.22 1.22(60°%)
* £ {+; 1.94 1.94 1.95 1.88 1.71 1.62 1.48 37
A - 1.86 1.81 1.65 1.57 1.52
75{+ 2.23 | 2.07 | 1.88 | ‘1.64 | 1.57 1.50 | - 1.43
55 kgfem? |- - 42,27 | 2,20 | 1.82 1.65 1.61 1.63
% - {+ 2,20 | 2.25 | 2.07 | 1.85 | 1.67 | - 1.62 1.64 %
A - | 2,12 | -1.96 | 1.81 | 1.74 1.73 1.75
* {+ | 2.52 1 2.51 2.25 | -1.86 1.72 1.75
55 kg/cm? - | 2.48 4 -2.22 |--1.90 1.78 1.75
% £ {+ 2.54 | 2.46 | 2.18 | 1.96 | 1.90 | - 1.82 1.90 28
2] - 2.57 2.28 | +1.98 1.83 1.78 1.88 |
|
E{-l‘ S2.24 | 2,10 | 1.94 | 1.67 +| 1.54 1.52 1.50 |
55 kg/cm? - 2,13 | .2.01 1.70 1.54 | 1.52
& E{'l‘ | 1.86 | 1.74 | 1.58 | 1.39 | 1.22 | 1.10 0.86 38
# - 1.63 1.52 1.42 1.26 | 1.08 0.90
! ;E-{—l‘ - 2.48 2.47 2.47 ‘| -2.00 1.83 1.77 1.77
55 kg/cm? - 2.46 2.46 | -2.00 | 1.83 | 1.80
& £ {+ 2,40 | 2,23 | 2.23 | 1.87 | 1.82 1.82 35
2 - 1e2.48 | .2.48 | -2.12 1.86 1.78
= {+ 2.15 | 2.07 | -1.91 | -1.72  -1.68 | 1.68 |-
111 kg/cm? - 2.12 | 1.94 | -1.62 1.40 1.35
o - {+ 2.13 | 2.02 | 1.87 | 1.67 | 1.64 1.60 1.28 22
4 - 2.15 1.98 1.78 1.64 1.58 1.63
‘ o {+ 22417 | 2.14 i.12 1.60 1.50 1.45 -
111 kgfem? ! - 2.00 1.77 | -1.42 | -1.30 ~ 1.30 4 1.51
% - {+ 212015 2,07 | 1.90 | 1.59 | 1.44 40 25
H = 2.03 | 1.80 | 1.57 | 1.46 = 1.40 1.45
: 7E{+‘ 1.72 | -1.68 | 1.65 | 1.37 | 1.32 | 1.32 | 1.40 -
111 kg/cm? - 1.72 [-1.64 | 1.52 1.36  1.36
& M = {i‘ i
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-

ﬁ&}%@%ﬁ@‘ B E 0 ’ 5 ‘ 10 \ 20 30 40 s0 . | m&ogpg
| ~
" {+ 217 | 2.07 | 1.97 | 1.83 | 1.76 | 1.75 l
111 kg/cm? ~ 2.28 | 2.32 | 2.15 | 1.79 1.85 1.81 |
e . {+ 2.18 | 2.34 .35 | 2.18 | 1.90 1.81 .80 | %2
" - 2.00 | 1.00 | 1.78 | 1.75 1.74
*H {+ 2.02 1.87 1.71 1.46 1.42 1.40 2%
166 kg/cm? - 2.12 | 1.99 | 1.67  1.50 1.46 1.43 .
- b
& {+ 2.36 | 2.25 | 2.04 | 1.67 | 1.60 1.57 1.58
166 kg/cm? - 2.25 | 2.02 | 1.76 | 1.67 1.67
* £ {+ 2.23 + 2012 | 1.95 | 1.65 | 1.57 1.52 25
" - 2.20 | 1.97 | 1.63 | 1.64 1.66
* {+ 2.27 2.16 | 1.94 1.74 1.65 1.62 1.56 31
166 kg/cm? - 2.23 2.18 1.90 1.75 1.65 1.65
ol =L :
& {+ 2.42 | 2.26 | 2.15 | 1.95 | 1.92 1.92 | -
166 kg/cm? - 250 | 2.42 | 2.15 | 1.98 1.95 1.95
= I {+ 2.55 | 2.55 | 2.52 | 2.30 | 2.15 | 2.04 2.02 31
" - 2.35 | 2.32 | 2.07 | 2.00 | 2.00
g+ | 2% | 212 | 200 | 182 | 172 1.74
30 kg/cm? - 2.16 2.05 1.82 1.74 1.75
% . {+ 2.37 | 2.6 | 2.40 | 210 | 1.94 | 1.86 | 1.88 2
B -~ 2.27 | 2.10 | 1.94 | 1.94 1.96
# {+ 2.68 | 2.70 | 2.54 | 2.18 | 2.12 2.10 1
30 kefem? - 2.58 | 2.38 | 2.16 | 2.08 2.10 o
% ’ {+ 2.5 | 2.68 | 2.62 | 2.36 | 2.27 | 2.18 2.24 27
A - 2.58 | 2.50 | 2.24 2.20 2.20
" 2.06 | 2,04 | 2.02 | 1.89 | 1.84 1.80 1.80
30 keg/cm? - 2.12 | 2.04 | 1.97 | 1.90 1.84 | - 1.87. ”
#= S {+ 2.20 | 2.14 | 2.2 | 2.04 | 2.02 1.97 1.94
B - 2.12 | 2.06 | 2.00 | 1.95 1.95
= {+ 2.26 | 2.32 | 2.26 | 2.18 | 2.08 | 2.04 2.04
30 kg/cm? - 2.20 2.18 2.06 2.03 2.03 38
& 5 {+ 2.3 | 2.25  2.26 | 2.18 10 | 2.06 2.06
A - 2.37 2.35 2.25 2.16 2.06
= {+ 2.25 | 2.31 | 2.20 | 1.94 | 1.82 1.81 %
110 kg/cm? - 2.23 | 2.12 | 1.89 | 1.82 1.82 5
10 [ B
% {
® 4 -
" {+ 2.43 | 2.27 | 2.12 | 1.96 | 1.92 1.88 1.88
111 kg/em® - 2.45 | 2.39 | 2.12 | 1.94 .92 |-
10 [ = {+ 2.47 | 2.42 | 2.33 .10 | 2.03 1.98 1.97 27
% M - 2.35 | 2.21 2 1.97 1.95
£ {+ 2.45 2.35 2.26 2.03 1.92 1.85 1.86 3
110 kg/cm? - 2.31 | 2.24 | 1.95 | 1.9 1.80
10 |
% {
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ﬁ&}%oﬁg’ moE | o ‘ 5 | 10| 2 30 40 50 ‘J““’EOSE
- {+ 2.40 | "2:40 2.33 | 2:13 2.07 1.97
110 kg/cm? - 12.26 2.20 2.07 1.97 1.97 . .33 -
10 [H] = {+ 2.21 | 2,23 | 2.28 | 2.22 | 2:00 | 2.01
-3 | - 2.12 2.06 1.98 1.95 1.93 .
= {+ 2.08 1.97 1.88 1.71 1,60 1.64 29
55 kg/cm? - 2.13 2.07 1.85 1.72 1.64 .
10 [|] % {+
® 4 -
+ {+ 2.25 2.22 2.12 1.98 1.94 1.92
55 kg/cm? - | 2.25 2.14 2.02 | 1.92 1.92 .
10 = = {+ 221 | 227 | 2.20 | 2.07 | 1.98 1.97 1.92 28
® M - 2.5 | 2.05 | 1.94 | 1.02 1.92
A {+ 2.25 2.09 1.96 1.74 1.65 1.55 1.52 32
55 kg/cm? - | 2.27 | 2.10 | 1.83 | 1.68 1.64 .| 1.56
10 [=] +
z={t.
5= H -
= {+ 2.52 | 2.47 | 2.27 | 210 | 2.02 | 2.00 1.98
55 kg/cm? - 2.43 | 2.35 | 2.15 | 2.05 | 2.03 1.98 .
10 [ & {+ 2.43 | 2.52 | 2.41 | 2.31 | 2.18 | 2.03 2.03 32
= N - 2.45 | 2.32 | 2.24 | 2.12 | 2.08 -| 2.05
+ | 1.97 | 1.88 | 1.78 | 1.59 | 1.53 | .1.50
11.1kglem? | B {— 1.95 | 1.81 | 1.65 | 1.56 1.50 27
® 4 -
= {+ 2.36 | 2.32 | 2.24 | 2.06 | 1.98 | .1.95 | 1.95
11.1 kg/cm? - | 2.33 | 2.21 | 2.02 | 1.95 1.93 .. .
e (¥ | 252 | 28 | 230 | 208 | 200 | o7 1.98 2z
® B - 2.42 | 2.28 | 2.04 | 1.97 1.96 - :
, + | 90 | 220 | 2,12 | 2.02 | 1.97 1.92 1.94
11.1kgfem? | B {— 2235 | 230 | 217 | 207 1.98 1.95 34
R { .
= 4 -
; 2.31 | 2.30 | 2.22 a2 | 2.2 2.12
11kgleme | B {i’ 231 354 | 26 | 232 | 20 32
10 [9] = {+
# B -
2.23 | 2.08 | 1.82 | 1.78 1.78 .
55 kgom? ﬂ{f 2400 202 | 228 |17 | 1t | 1lss | o1s6 | B
20 o N
"
® 4 -
‘ + | 260 | 262 | 2,43 | 2.30 | 2.16 | 2.17
s5kglem? | B Qo | 2.60 | 2.60 | 2.33 | 2.23 | 2.17
20 | + | 262 | 264 | 2.5 | 234 | 2.24 | 2.2 28
% m | %= {_ : 2.63 | '2.60 | '2.30 | 2.22 2,22
. o {+ 2.37 2.99 2.15 1.98 1.84 1.85 1.88 34
55 kg/cm? - 2.36 2.28 2.08 1.98 1.92
20 N
"
H M -
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These photographsy belong to the lowest summer-wood and spring-wood, -



Fig, 1. Virgin, Fig, 2, Virgin, Fig. 3. Virgin,
springwood 2 springwood 3 springwood 4

Fig. 4. Virgin, Fig, 5. Virgin, Fig, 6. Virgin,

summerwood 2 summerwood 3 summerwood 4

Fig. 7. Stress: Fig, 8, Stress: Fig. 9. Stress:

10 kg/cm?®, springwood 10 kg/ecm?, summerwood 30 kg/em?® springwood




Fig. 10, Stress: Fig, 11, Stress: Fig. 12. Stress:
30 kg/em®, summerwood 55 kg/em*®, springwood 55 kg/em?, summerwood

Fig, 13. OSiress: Fig. 14, Stress: Fig. 15. Stress:

110 kg/em?, springwood 110 kg/cm*®, summerwocd 166 kg/cm*®. springwood

Fig. 16. Stress: Fig. 17. Stress: Fig. 18, Stress:

166 kg/em?, 11 kg/cm?, repeating load: 11 kg/em?, repeating load:

summerwood 10 times, springwood 10 times, springwood
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Fig. 19. Stress: Fig. 20. Stress: Fig. 21, Stress:

55 kg/em®, repeating lead: 55 kgfem?®, repeating load: 55 kg/cm-, repeating load:

10 times, summerwoad, 20 times, springwocd 20 times, summerwood

Fig. 22, Stress: Fig. 23. Stress: Fig. 24, OStress:

:g/cm?, repeating lcad: 110 kg/cm®, repeating load: 110 kz/em*®, repeating load:

30 times, springwocd 10 times, springwood 10 times, summerwood




