HOKKAIDO UNIVERSITY

Title A DT & L THRY HRE
Author (s) NR, BEXR; KOIZUMI, Akio; EH, 187 s
Citation LEBERBREN REMRIERE, 44(1), 355-380
Issue Date 1987-02
Doc URL https://hdl. handle.net/2115/21207
Type departmental bulletin paper
File Information 44(1) P355-380. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




B EAEREIRBRTRRE SME F15 355-380 (1987) 355

RO I LR Y e
AR EERT b E A

Bending and Torsional Propérties of Logs
By

Akio Koizumr* and Koji UEDA*

] x

N BROFEMEAROEERE LTHWESEOBTRAIY, ®HkIORY BT
LHMRYBLENTHRRT Ao, BEEROHRECEFBARD T — < —FEBLRFT L1
R, BHREBEEROCIARLARSHERLKE L TRV LD, ERRILALEE
B OFHER b ROV TIT ey, BRI X 3l R JCR Y EEOE(L, BRAUNARR O
HEL DL, 8IOAKRMLEY LIHEORROELEH N,

F—0—F: K, KRHE WE BTRR RORR

1. # x

HE, BRI ED/D - PEHEZARKO E EHWEN L LTEIRABRIR TS, #-
NBYRLTIY avRe AT ABDCIBNERBRFCLOALRL LARTED, X
Py LM E L0 ER0BE LTHATAC LRBERSHEE VBRWE WS T TS,
HUHRFCERE LTRTOhIRBEOBVWHBEENES 2 &, TMEO BYhiiinC
Lk, BrliFHE LTAENRFIREEZEZOhS, ¥, SAROIAMCRBBHROE
ADBBRETHAZLEBHEDO—2THSD, RE, BWRATERILDEAMOBEHE L1z
FHREHERWEVSTRELDY, ZODEA4 2L LELTHATHHALRALASY,

AKRMOMTRBRMAL LTUIUEDLY OREXRD D, MicIsBTFBRIOERIERZDLH
TN LR ERBICBEBEBEN R IhTWw5, ¥, FLLTAFORMRHENRE LICRE
HE - AMEH € v 5 —O@|ED T, AKOFE®ELHBTHE O HBEEK, AK-24=
Mt L IEREM LIcBE ol v v 7 RBOE(LE X ORI X 5 liTEEo B LB+
ZHMERERELDOLRTE Y, AKOREXSOFERCOWTIIERE L BRBE 2 H

1986 4£ 8 H 19 {3 ® Received August 19, 1986.

* dEEE K F R AN T AN
Laboratory of Wood Engineering, Faculty of Agriculture, Hokkaido University.



356 LEEALRERRDHIASE B4% $18

BigEL LTET T 5,

ARREIFABEER T — < —RE LTOAKOHIT I X OO FM A ELRE Lic
YDTHS, ERTIEEEOHEM S BELXN S L LTV, MBS IVSERBTOM
Hold, AKXTZEM LBEoMT, BokEOTI oW T R,

2. MHEERAE

21 ## B K
ERRTHRBE LEDIZHAS=Y, P FRY, =V=Y, 7hz/=Y, Z—ny by
eDHK, FF1E GIREKI6AK) Ths, HAKOEEL Table 1 wRT, AKOEIR
RKEEDOLOMN36m, BHC2OWTL18m THDH, KNnFEOHHZ 10~20cm TH b, JAS
TEIPBICFROEMTHS, Tk, KOBTHEREL BPTH5=vyD 14 ThHD,
BB B ELEM EELD. ThEPhOAKIL Table 1 HMCR L 74 — 7 ERi
Lz,
22 KRFRORE
ERIIUTERTIOSCAKROE EAM B ITCKERBOREL AR LD (A 71— )
EHRDD 2 4 2tk, A ELIBEAEM LEBEoHRMEOEE R D B /A —F)wk
MEhs,

A v—>7
EEIMEER | 1.8m o1 | g BIMEsER e
B > | o mias [ | B RARR
A -7
" T IFr— o AR BN
mOBIERE | || R0 miae || ETRERR I e s
B7rwv—=7
MTRHERR | 7T | L |80 HNTRIVERER | S8R | 3R 0 BitERER

WOBIMERER | 350 L BROMEIMERER | 7 | BB




ARHOMT S LR i (DR L) 357

Table 1. Outline of tested materials

Number Diameter at Cambial age  Group
Location of Species* Age of samples midlength (cm) at top end  of
sampling tree log Min. Av. Max. Min. Av. Max. setjisés
Fia s B Karamatsu 28 10 20 13.2-14.0-17.4 15—18--22 A
Teshio Todomatsu 52 10 20 15.0-16.5-18.0 19—25—36 A
(Col. Exp. Forest) Akaezomatsu 47 1 2 15.0-15.9-16.9 20—23—25 A
Norway spruce 53 8 16 15.8-18.1-21.0 18—26—32 A
NSO EE R Karamatsu 34 3 5 12.2-13.9-16.1 24—27--29 A’
Tomakomai Todomatsu 46 3 7 11.5-13.9-17.8 23—29—35 A, B
(Col. Exp. Forest) Ezomatsu 45 3 3 12.0-12.8-13.8 30—32—34 A’
Akaezomatsu 43 3 4 13.1-14.2-15.9 24—26—31 A
HRTHERT (BA4#) Karamatsu 28 3 10 12.8-14.7-18.0 14—20—23 B
Sapporo Todomatsu 42 2 4 10.6-13.9-16.6 18—23—30 B

* Karamatsu: Larix kaempferi, Todomatsu: Abies sachalinensis, Ezomatsu: Picea jezoensis,
Akaezomatsu: Picea glehnii, Norway spruce: Picea abies.

A7Zn—70BNTOMTRIESEBREIOCA, B 74—~ 704 REO TR XU A
HRABRIFERCIDHKRE, Bbcifiitol. ZT0O#%, AZA~7OAKI18m D24
CHET L, 1 ARAMRE CRIERERR O O b FRERBHE L, b5 1AZRERBR OO
ERLTESERBTCOBBEY R, ThboRIIEMREBTCORBRBR LT 5 ¥ TO
M, BAK U TEKENREANEAZTES WX 5B L), MECEHhIMELLLD LD
212,

ARBIVDA 7V —7ORKOEBRIBINCIHHTE A LT 2~3 7 A RATE L, A
WRE T > CAAR 1Y BECH R,

A DR HITEMBCH S ecm EOFIREHKIL, Thi DB THME ToMEE
AR LY - CTERB L AREERYNE L,

2.3 H@IFRIERR

231 R B F &

AAMCHBOBED LS~y — v /v —F 4 V7R EHTS - LXB i, HE
FRICEO—DDRREMKE LT, BACOMELMITAIMRBRO HEEE L Thitc, BT
BELTHMECLLDb0EELH L, AAMLLEEY B I TFAHELE TAMNEYEL T
HULRPELD, ELEEIH O0kg 2E LRERVWIEBATEHS, £ZTCFglrernt ks
i, AKOMEDOMEC 2 ADORBRENFEY, MEAMOMTFREEZHE LTY v 7/ E LR
HEIO L, MESRBCBEWILEE 1m ORBHERIIARETFRRY cTbHVWS
LDTHB, AXVIIHEEEZDLONBD, HARIZN3.6m OB, FEH 320 cm, FHE &M
120cm BEOMH 2 SAEARIEYLYTH B, COL5 B IitB B ko



358 5t 2

EEECE TR RS S AdeE 1l

Fig. 1. Bending test in field.

L

Fig. 2. Bending test in laboratory.
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Fig. 4. Normal and shear stresses in a bent log.
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Fig. 7. Sawing scheme for specimens of group B.
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Table 2. Taper rate of green logs 20

Karamatsu

Taper rate
Number __¢ (mm/m)

Species
of logs Av.  S.D.

Karamatsu 25 3.90 .88
Todomatsu 21 305  1.02 4
Ezomatsu 3 4.02 .61 |

|

knot size (2)

|
Akaezomatsu 5 451 28 " I
Norway spruce 8 4.35 1.34

20 10

Table 2 B ErEEN R L, 7 — Todomatsu
A —RITFEH T 3~5 mm/m & ERE G fe
ETH -1,
32 MICTDODNWT

FAOHEIC BB 8% 3 AR OB
DEERRE FOEERETSLDTE . W Lnoon
5. BHEC X b8 A0 RE Y i Li”ﬁ\ “H% ﬁ
OHKREOWT Fig. 8 w73, = ik
AKD 10cm K EoEH 2 10 mm L Akaezomatsu
FOBOKEHERYELLLOT, & | 0 NiNIEE
BERK Lol E R L5, §
BREZYUBREOHROBFY & » TR
KEBBCAT AL THE L, »F <Y
LSk 3 B TR OMAE I BICEE Th
%, WEBIIRADERE D A THRE
MEARFEEL bhb, 7ok, b FwY
OERENI0Z BEE /NI VWO, £ .
TS TERBMSNT DT LT\t Yorvay spruce N N
BTH 5,

3.3 EREEERTEY

HAD SRR LEAERABC X 5
FRE L ARBEROBGRYERIIC
Fig. 9 wRT, HARERPRVCED
B> CHERIE L FREEROBIRINS Mo ,Hm o
HTRIRVH, F—FiREC 8T 55K Distance from the bottom end (cu)
BEKTCALEN SR [EL] P F Fig. 8. Typical distribution of knots.
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Average basic density (kg/m3)

Average basic density (kg/n3)

Average basic density (kg/m3)
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0 1 1 1 | I [ 1 1
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A L i s
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Average ring width (mm)

Fig. 9. Relationship between ring width and basic density.
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Table 3. Mechanical properties of green logs

Plot Species ﬁ:zraﬁi‘ath dBSS;city MOE G E ﬁlr.r(:ig:ortlonal MOR
(mm)  (kg/m?) (t/cm?) (t/cm?) (kg/cm?) _ (kg/cm?)

Teshio  Karamatsu Av. 41 382 109.4 5.6 19.6 95 473
S.D. .3 30 18.3 6 3.1 20 49

Todomatsu Av. 35 316 101.1 44 234 109 396

SD. 5 35 11.7 7 29 21 49

Akaezomatsu Av. 35 393 1025 6.4 16.0 115 419

Norway spruce Av. 3.5 335 94.1 44 22.0 71 350

SD. 5 15 12.7 7 4.3 18 45

Tomakomai Karamatsu Av. 24 391 91.2 5.6 16.0 — —
S.D. .2 27 10.6 5 29 — —

Todomatsu Av. 21 341 106.7 5.4 20.4 — —

S.D. 4 32 14.9 7 54 — —

Ezomatsu Av. 18 361 98.2 5.0 19.5 — —

SD. 1 13 11.5 .3 14 -— —

Akaezomatsu Av. 24 363 82.7 5.5 155 — —

S.D. 3 20 10.3 8 29 — —

Sapporo Karamatsu Av. 34 421 133.7 6.6 20.2 — —
SD. 6 28 115 6 37 — —

Todomatsu ~ Av. 27 337 1018 54 189 — —

SD. 5 18 31 2 4 — —

= TBW] &5 — iR %R L'Ctxéo o RIEED b P~ Y 3ERE 4mm D Eo
b OO FHABREERL 300 kg/m* % E T h, BHOTEWEE X5,
3.4 HEHAKOETHICRO M

HHRIB T e » 7B 36 X O4R D RR OB % Table 3 1R T,

Table 3 o v v 7R EABBT X 2 ERERTH 553, Eﬂf@%%ﬁﬁ& D Hlg
% Fig. 10 wii4, MOE (RE#)/MOE (B o iz F#HT 1.062, BB 97% & K
B, 2oL >RMELRRICL Ty 7EEE EROHE CHETE 5 & LR
bbb hic, KIRBEIC X DY Y /EIITER 2 HATRR LS RO FHIE TH 5 A,
2 B 2WTokk B o i MOE (/N/MOE (R) i335F#T 0906 (BEHFEK 8%) ThHb, 1%
BEOENRE LR, EELHRTR-RIADBMTFRRCK W CHER 2 HHORKED T
fH120.909 TH » 729, = RIEBEHRREA TR C ERERS THEEOHBIC X 5 L &
2 bh%, 46, BACOMFRBIL I FHORDOARE Lk, Z0BEHER 2 HHCD
Wiz XS5 BEORVWHIER G TE S,

vy I RER E S LOBEAC RS L, LRED S 7 < Y OlEMKE L, ENKED N
SV ET A=Y YRPNR T EXFEBTH B,
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(t/cmz)
)
=)

MOE-1lab.
T

"% Karamatsu =7
0 Todomatsu
# Akaezomatsu

4 Norway spruce

i H H i i i 13 i H i 113

50 100 150

MOE-field (t/cm?)
Fig. 10. Comparison of MOEs obtained at field test and laboratory test.

Fig. 11. Typical bending failure of green logs.
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MOR (kg/cm?)

8 Karamatsu
' 0 Todomatsu

& Norway spruce

300 }-oooeee A ...........

1 i s

0 10

Fig. 12.

20 30

615 (%)
Relationship between knot size and MOR.

BB o AR HREY Fig 11 RT, RAWEME CTRHESROD VAR L 5HR
WiE OB BEE TH -l BEIBIMTHE L L HEBRCCIIREETH - o, FIEMTIEX
BOHE D 1R TOHMT 5 X5 AIRE Rbh, Hieh 7= 723 IR0 D MWK

BEREY R LK,

HAM TR TEI X 58RI 0 BEhoidk Uk, Epiiii s S RIS+ 8 8y

DHE L VNIV EELLNhB, BEBED
BRECSWTLHoPEY v 5IRMREIHED
Fa—v/ —REORIBZENE ST LT
o> THRENE LIRS Rbhic, Ltk
STV v 7 = h =itk »CHE LR
KTiR, BFEIZ LV DNIL BT ENT
BIh3, Fig. 12 3#ERE CEDO £
FHRELELMTFBEOBERERCLOTH
%, SIBREMNI0Z LUTLhZnz bbby,
hiFEE L oBRIRED LR - T,

T RERBRO KBS 10 AL EB -
JTehs=V &P F=YRont, AKOERE
RMEE & BB O HBSR ¥ % Table4 1@
~T,

HAROAKR A THE S5 PHERIBILR
L ERMERETH DA, HIFHEE DM

Table 4. Correlation coefficients

Karamatsu 7n: 24 for MOE and G; 10 for
MOR

MOE G MOR

Average ring width 197 —275 —.226
Quter ring width* 264 —.258 .034
Basic density 659 .340 .399
MOE 1 .306 .585

Todomatsu n: 21 for MOE and G; 10 for
MOR

MOE G MOR

Average ring width —.427 —.430 —.250
Outer ring width* —.391 —.020 —.602
Basic density 746 .480 .959
MOE 1 222 954

*  Average ring width for outer 40% of
radius.
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CHBNIRS b e o fe, AD X 5 P OLBICREEH & &
&, FRAERBREBCREIEREYE ML Y PLETHE
DABEY LD 0TI, FRIBCHESOERC X 2ELY M
GlehRBRWEEZbNhD, £ CHBELRELFMTEE LTRR ‘
THRIBH 40% DEy D P HERBELIEEL LA, 0L
LoD ToRB X5,

AKBE Ieh v v 7 REERTRAUOHBE v v 7FH E,
BBMUOEBHI LD & B, 2HE0RIFOMFY v 7Y  Fe 13 A simplified

assumption of

% ELT35& (Fig. 13), EI=YX EIl kb MOE distribu-
tion in a cross
E=(E;~E)o*+E, (43) section of a

log.

I, wo=ryr,
LicoC, ESERDBEDCHE, NoOHBO Y v 7 HEH (E,) o2tk v v 7% (E)
T AHEER ) RUTORTER Tz ENTES,

E—E;
(=g —p =1-o* (44)

EREINEL=090D L 2 0=056 L7c5, DF DAKEEDHNHMNS 0% OHED Y v 7
REZL2EOY v 7 REC IZUEFE LTV B EBETELD T, 20RO EHERKIES
BEE LTAHRIDOTH S,

O XD BRHEEHERNRE S RHLLFRBIER LD L 57 5~ Y DBATES
UCIRED ETFRSNORE, HRRMTFHEE L OMCHBEIRRD ST (Table 4), E#HIE
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Fig. 14. Relationship between cambial age and MOE.
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RERERCKT S X5 CARASLRRT 2 EOFHA»2 50T, LB UTRTEN
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B oW TRD T v v 7REE T B OBRY Fig 16 &R,

HAREOBIFHI T sz 20% Rédk h/PEhote, ThIXHET R Y 708
DABIC X b ERERIOBENERIE BT Lickb L Ex bh b,

BN B R O MEII R { , MEHOTHT4~6t/em? TH oo, LT, ROFEA
5T s BIE EG TR Y v /RO PCEREShHDTHHA, BECIDEZX
2, PHTI6~2BOERRLE,

3.5 ERICKIAKORE

SEHADEKRELRIERS X OMEE R L Table 5 wmid, FEH H O RHERIL
15% BETH -1, HEARIRAERFCLTOARCE L, T, AKPROMA
E0iE 1 mm LU EDEREORTY & v, BERCAHT2EIRERD TENIER (check size)
L LTReEF ., ShiERiERA G TERKREEBFRAOMERD 7 v ALK
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Table 5. Description of air-dry logs

) Number Taper rate  Radius at Shrinkage Check*  Moisture
Species of logs ¢ midlength  of radius size contents
* (mm/m) (cm) (%) (%) (%)
Karamatsu 15 Av, 3.98 713 1.55 3.8 15.0
S.D. 1.24 .55 .96 9 8
Todomatsu 41 Av, 3.52 7.46 1.59 3.7 15.2
S.D. 1.10 84 .89 7 1.8
Ezomatsu 3 Av. 444 6.42 143 2.6 149
S.D. .30 .36 1.01 3 4
Akaezomatsu 5 Av. 481 7.20° 1.35 2.7 14.5
S.D. .80 50 74 5 6
Norway spruce 8 Av. 5.29 8.57 1.60 4.7 14.9
S.D. 2.04 .62 .37 7 1.2

Note: *Ratio of the sum of check width to the circumference.

BIEHENELE L TW5EELONEY, BRI 2IBCADLRT, FHT3I~5% T
BT,
3.6 KEAXOMIF, RO
KEARKCOVTORBRERE A —AKROEMBEOMHRE LI LA 5 Table 6 iR L
foo TR LHMITFBRIS oW LR —H#EARO R R o5 & g L,

Table 6. Mechanical proparties of air-dry logs

MOE _Elry _ Eq G Glp—d_g‘iE/G ssp MOR MORg
(t/cm?) Elgreen  Eq (t/cm?) Glp-g Go (kg/cm?) MORy

Teshio  Karamatsu  Av. 111.1 1.020 1.081 5.0 927 670 228 259 621 1.319
S.D. 163 .077 .096 9 066 .180 5.0 25 71 139

Todomatsu  Av. 111.2 1.059 1128 3.2 13 760 355 224 509 1.279

S.D. 108 .058 .050 .5 071 079 5.6 44 59 124

Akaezomatsu Av. 122.0 1101 1178 5.7 847 904 214 228 576 1375

i‘l‘)‘;fl"cvgy Av. 1169 1127 1202 35 .806 .844 341 192 480 1.392
S.D. 105 141 153 .3 .087 .098 48 23 36 .134

Plot Species

Tomakomai
Karamatsu Av. 1101 1032 1216 6.0 999 1.076 204 233 628 —

S.D. 122 244 076 16 326 347 74 46 105 —
Todomatsu  Av. 123.8 1.112 1154 3.2 648 673 406 226 571 —
S.D. 107 .018 .021 a 080 .076 10.6 5 22 —
Ezomatsu Av, 1116 1072 1135 46 867 914 249 270 685 —
S.D. 165 .080 110 4 086 122 53 5 38 —
Akaezomatsu Av. 917 1.058 1114 5.0 888 922 186 199 529 —
S.D. 154 071 104 3 107 136 41 22 67 —

Total (n=45) Av. 1117 1067 1141 4.3 832 877 28.7 228 562 1.327
S.D. 150 116 107 1.3 185 201 95 40 90 .138

Notes; EI: Bending stiffness; GIpy: Torsional rigidity; ¢sp: Proportional limit in bending.
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HITHEIRBC L - THIETT7Y%, YT v 7HRET 4y BEHNL, @IFEIIN33%
DEMER LI, E|BREMEOVTUIEKE 1Y OB LTy v 76K 2%, HFHRS
124% HMTAHEELhTH52, ARR T, ThboREEFHUTIRREL K-
K[EAKRDO TR OMT v v 7REEHT I FHTEIXI0 TH 5 e,

R E BT X OB MR L ARERED bk 5 o (Fig. 16),

HAREOMFE T AR FEHT 04 LEBRMCENTRLNIBEOETH
Y (o

HF RV O fB % Fig 17 RT., AHRFCESTHELDOD hRAKIPIRA,
BRIARYREATHHBEE L0 b -7, 454d, TEREMIICL > THBEL, 6423
FEUMOEERHOBETH s, AKERE LTUERTAHA, HEAMT X > TixELRS
T ohrEMECR A VI SBRELLEARRVWEELSD, DOV IAEMOMTRES NS
IO FHARDEEEBCEH I EZARTEL DS —2D0HETH %,

Table 6 [ZgVF /- BUMT M ARBI BN L HMER 2R E— 2 v P OB{LZEH LB
R X% RO OETH 5%, EMRCHETES TR Y BIM 17%, ST RERE 12%
FRERFA LI, ZOBAEEIMEC Y F=YREBWTHEETH 1V, ShoREEAcia
Wit s o te s kB2 D L, AREOHH S ST BERR O HME S BEC X
ST RIEAZEXTRETHLOTH DY, BRELT, P IF<YRKD E/Gi236~41

Table 7. Mechanical properties of small clear specimens

s eSSy, Spedfic MOE E_ oy MOR MOR o, Moour:
(mm) {t/cm?) (kg/cm?) (kg/cm?) (%)

Karamatsu Av. 2.8 476 106.1 952 354 840 1.388 400 13.7
S.D. 6 .037 125 075 76 110 153 43 4

Todomatsu Av. 24 401 111.7 983 392 766 1477 371 13.3
S.D. 6 .043 12.7 .045 61 90 124 41 4

Ezomatsu Av. 1.6 404 89.4 808 320 726 1.062 332 14.2
S.D. 3 .018 9.4 057 33 23 .025 23 2

Akaezomatsu  Av. 29 402 88.2 907 342 714 1.334 326 13.7
S.D. 8 .038 15.9 072 76 99 150 47 A4

Norway spruce Av. 3.0 409 106.56 924 378 709 1.497 366 13.6
S.D. .8 .027 12.3 .050 62 84 127 21 4

Total Av. 2.7 427 104.3 940 366 770 1.402 370 13.6
S.D. 8 .050 15.3 077 70 108 175 46 4

* 3 5<=vAERKTE (FEHPREL22cm) TOoOWTEEOEITCHEH v AL LI AR ARETD
55% (BBIRE 11%) B L i,
R EKED 1% B e wT 5 EREPBRRF OBEREABOMMEL 2 7 =~ VIZ2WT 31%,
FF=YROVLTIEL2% E8EL T B,
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BAENIHFEHBOEEROBEHRBE TR LALLONLEED SEEL ooz dndb rd L
Eirbhd, ThTh, #7=VDOLREAMTORRE, B~57%0 %k LB DT
otz ‘

Bk, WAL IHEBLTWD L5, AXM TREHEERTREADHEBINIWEE
2bhd, FCTHTFAECE L TIERAMIIN LTRIE100% ORELE2EOLIE L 5,

3.8 Y1 AMBRVAHOHIT, ROMEE

BV, PFVOEMAKRE XA 2, LDEANEEKES L 20T E LU
DIC &5 BEREOE(LE Table 8 ITRd, # 4 afZFEVC Lics: XoliF v v 7FHT
L SAKOBELENRD RV, Thicw LEFEWRT5E, + Moy TiRENRLL
B, HI=YTREHTIS OBPHRELhD, FTLAHCHC BRI IS <Y T2 B
EP3RI LD, ChiZB? 7Y RV TREM, RERBHOMEENKE L, *
e —RRENC UM B TRERBLAR DI BERERAZ VWS, A TR oMEIBRI RS
Tl EBEELZLRE, ZTOL RIS VOH - PNBRREIKOEFEFE TS LILHE
REBA»D IR AENEFEESE 25,

Table 8. Mechanical properties of the sawn lumber

Sawn by two sides* Boxed heart squares
. Number of : : s
Species specimens edgewise flatwise green air-dry
E E E G E G

E Ewoa T Eros E Eroc G Grog G E EGREEN G GGREEN EG

Karamatsu 10 Av. 1334 .996 1103 .825 98.4 .735 6.77 1.002 14.8 106.9 1.086 9.15 1.342 12.6
SD. 168 .062 144 073 128 059 .76 .059 3.2 163 .067 1.99 .201 4.6

Todomatsu 7 Av. 982 1.002 97.8 1.000 93.9 .960 5.53 1.012 17.4 101.1 1.077 5.97 1.069 17.9
S.D. 6.0 .088 69 .103 6.7 .101 .74 .,143 29 76 .049 141 .099 4.0

Notes *: Cutting schemes are shown in Fig. 7.
E: Modulus of elasticity (t/cm?); G: Torsional modulus (t/cm?).

B oA X MRS RBIIA R L AR TERRO R T,

DEAMO Y v FRBEIRBRCH - T8~ BEMM LI, —7F, RhToIM s
BImBEEH S <Y T34%, PPV TTHBEHM LI, 20X 5 CAMOEYEENHILK
DHE L TBCHMT HEAMEZ R Lok, ShoRER X 5R A ORLREEE R
LoTRREDEZD, #7=YEBVWTEHEEW D Rr ez titd X EELBRS (10
b 3 I LB E Ul ols), ZORE, KEAMD EGIizh 5=y h18, F Fev
K18 EREHKDOFE X H/IEL, 7 5= VROV 105 cm LEEIF Ak o BEEER i fE 1219
ERERLTH T,
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Summary

The bending and torsional properties of softwood logs were studied. The species of the
test materials were Karamatsu (Larixz kaempferi), Todomatsu (Abies sachalinensis), Ezomatsu
(Picea jezoensis), Akaezomatsu (Picea glehnii) and Norway spruce (Picea abies). Details of the
logs are shown in Table 1.

Two series of experiments were conducted on the logs. The logs of Group A were tested
for modulus of elasticity (MOE), torsional modulus (G: apparent modulus of rigidity) and
modulus of rupture (MOR) in both green and air-dry conditions. After bending fracture test
of air-dry logs, a small clear specimen was cut out from the outer part of undamaged section
of each log and tested for MOE, MOR and compressive strength.

The logs of Group B were once sawn by two sides and then sawn into squares (Fig. 7).
The bending stiffness and torsional rigidity were non-destructively determined at each stage in
green condition. The test run was repeated once again after seasoning of the squares.

The obtained results are summarized as follows:

1) The errors involved in the calculation of MOE and torsional modulus ignoring the
tapering of logs are negligible as for ordinary test conditions.

2) The negative effect of knots on the MOR of logs was not evident (Figs. 12, 16).

3) MOE was found to be the best index to estimate MOR of logs (Fig. 15). No cor-
relation was found between the average ring width and the mechanical properties of logs
even when weighting on the outer rings (Table 4).
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4) The increase of MOE and MOR of logs during seasoning were 14% and 33% on the
average, respectively. Meanwhile, the torsional modulus decreased due to the checks induced by
the shrinkage. The amount of the decrease was different between species, possibly because
the change of modulus of rigidity during drying differs with species. Consequently, the ratios
of the MOE to the torsional modulus (E/G) for air-dry logs showed about 20 for Karamatsu
and about 40 for Todomatsu, while the ratios showed around 20 for all species in green
condition (Tables 6, 3).

5) Shear failures were observed to develop linking the seasoning checks at the bending
fracture tests for air-dry logs. It is recommended to make a vertical kerf on a log in advance,
when using a log as a beam.

6) No substantial difference was found between the MOE of air-dry logs and those of
small clear specimens cut from the outer part of the logs. The bending strength of logs was
on the average 71% that of small clear specimens (Table 7).

7) The MOE of the sawn lumber was smaller than that of the original log, especially
for Karamatsu (Table 8. The decrease in bending properties may be mainly attributed to the
difference of properties between juvenile and mature wood.



