3. AT v = ¥ —REW DR R

Strength Properties of Sulawesi Woods

CHIT Y

Takashi OKUYAMA and Atsuko ITOH

3-1 3 L & [
LT T, z'?f?l/——J»H”MJJfI"’”‘V{ODT 6”5:‘3\% WHD JTSHUKICI X HERLS 5

uxb?:t “C/J\%itl% ﬁ"&‘f'ﬂwﬁ:f:&b W (EEAELTO) fMEEEboLEbhs, L
L, BEDETAH, FEEMERBSEARERME L THY LD S, KH, &), BIEMELEL
THOONB L ENEZNT EMOHEA S EEMBO/NRE TOF — & DILEEERER>EHEZ S
N5, £, MHOME & O CHERESAEERAGEALE L, TLTEEREELT, ThiTkhE
R~ 9 &85 &gz,

HEHEMORT, HAMEOSOBRICHOAIEN ALV H T ELZTTIREC, RED MRy,
e mind HIREHEE TE B & H 1K, REAOPIBEKOTHEMA . Fio, RAMEELRT,
R ORI X ZHWEOEWY, ZORMOFIAHHICKE  hipb & & BN OBTEMREAM
DR NET) % RES L .

WFERICE L, 5AONAMBALKEBRONIRTHY, FOhh HaEHELA OHMENE b
Fi15 5 720, KEROBHC L QAR E 715 - fe, TDRW), T lT— 5 REBRORE
MThsEFEZONLEY, —HEF—5 EBEXDNETHD, £, MEEMICEVZRARED
fodh, HHICHEG RSB A1 TR AR & SE— OB EEA L Sicd SREA b H
Bo LipL, &7 — 2, MhOMHEEEEOBELAEZ 50O — 5 & LT EskzE
Frotcdd, 1B~ B A (TS » e iSO F— 9 2% Hiff,

3.2 R B A &
321 #HEEIERHER
SBROFME, J1S Z 2112 CRMO515RER A 3D WBENE Ut BRI A v X bo 3
TCM— 10,000 GFELBERAED 2 FEELTHO A, WEE R — KT, OFARERFOREH
MO A L e == b b g v = (T E 16m) L& - TRIIL, X-Yidsit L
WADER L oo fiEE 1348 500kg/min T L7,



3-2-2 MR
RBOFMUL, JIS Z 2113 CRHOEFEERA ) KIAU . RBHEA Y2 ro Yo TOM
10,000 8.8., TCM~10,000 (IH & & ELEEM AR AV, HERIAR ]l tonD o —F
), febdidsaz~y FOBERE L, MHEDOHIEX - YVEREHEK LI, 20V ER
28emic &, BB OWMIZ 2X 2em & Ui, BB o 2~y FOME T 3m/min & L1z,

323 HMEBHR
HEROFENEE, JIS Z 2111 CRMOEMGERAE) KIAU, S, flos 2 oy
RORPWETE UTHOY, —BicT 42 7 —RIGHESEE (7)1 BUBRIED ZHv i,
2 10ton o — FeNT, OFTH == b4 vy =Y (16m) TR L. BB O-TH:E
2.5 x25%x75em& L, HBGHEEIMEE THIAEEST 2R - FE LT,

3+ 24 HEIRAR
RBOFNUL, IS 2 2112 WREIALAH, BB OTEROIREE 1IOR L bo %
Wice BB TCM 500 GHrELEEREED A My, REE 500kg o— Feb, OB AR

FEIE 2mm/min tC Lo
75k, WBERERE I, T-0° T—45°% R—-0° R—45°imEOENFNn, S, o4&
£t~3§2%ffi e f:o

3.2 5 $5IBIEMEER
FMEE JIS Z 2121 CRMo§T5 BRIKBTEER 5 0 133N Uree SURBE b A v — R R aBR
Gk, MTSHB, &5 ton) ZHV, HRBIETTHHEREZIND D0 TIT » o, STRHIRO
FLET N 45 ZHIW, §THTBIABIBREAN T, ITABESH30micms L2 ic Uic, TiALE, 1
0EN Y2 —~TH o ZREO 30m IC I ABE DM S Tlofov o, $TRIGEE I, 0.6m/min &L,
EH, BH, ROZNZNICOWTI0 FITOsHIKIL &k e, 88, T TICHV /g1 k%
BRROEHITHIAHBEERM 2R L T,

b
I | | || |
T
| |
6
! |
T
End Surface 2
b
IRR‘I.S
17
Unit ; cm

Fig. 1. Testspecimen for tension perpendicular to grain,

“_QS.u



Tensile

Chuck — || ¢

U ”L
1_': Fig. 2. Attachments for nailwithdrawal
\l, T testing and the guide for driving
the nail.

To Moving
Crosshead

Unit ;em

3+2+6 HREOAWMOBIUH

EFRAP S, BLOZEMN S EAEEROREEDE LI, OHT, 185X EMITE WS A 6 IR
B 140k, BRI > TSR A0, BEH3~4.5cem, M20mBll, BX3~4mD K& XD
AU Ui, DENSOEVSORUHIBEDREDH 2 bDTRIGHBH S DI TFiE LTLE
LORHE, WHEOERAERSIKS S-S >HE L.

CNOOREEN, WEEAEFNFNESHAIIC2 1 1 ORI JITBIHATUML, ZOEHML
5 A OFERICAE L, MFDOEV DI DWTRAMRE ST T W B0 E 5O AL
AITIS VKRR L7,

Sl L iEAE R S, HESINE, Mhi, SUERRIRN %, #hOo SR THMRI, 55
A~ HUINAEE U D IOKID, BBAOMEMA MG ohb Lo Lic, ZORY KU
iV FA S U 7o AE B S8R I HERIR . WG BRI (R—0° R—45°) &AM -7,

LU0 LR B & B R Y (T-0°% T—45°) ZKIN- 72,

M D TEAE B A 513, #ES R L5 R (R—-0° R—456%) ZARIN- 7o,

He iAo TEAR B & 5 BREER - (T—0° T—45°) ZKIN- 72,

BERERIT, THRINCHE LU ORISR IC L » TR B0, KOt OHAESH TS5 LEHEFD
£ TH B, HEIERRERA 10K, g HBRAH 104, RUEMRBRA G 6 A, MislBRERAEE
i, M, SEMEBIRERTA, TSHIRRBR I, WA, AEE, KOE G oK
3~4MHTHBM, FIOITAHEFEI0ARL L,



3.3 H B & R

3.3-1 HELOHBHE

BERIEMHORBEER A1, (@), (), (NIRRT, #1, @)L, HE1EE 1y, BERICET 5
— T~ 5 T D, Frh, CVRETREKTSH Y, RS / B < 100 (%) %5R7,

BT — 51, EAEMEBEEN MR ABEB DN AR OF — 8 ZRVATEMTHY,
() HNOKFRREE bSO BT TH 5,

#1, b, TaRIREE R, LB, SKBEERGEOLOTHS, £ 3HE, KEBMHBIT
AOHTOZENENOMAGMEE 1 % v~V OREER TR L 7o

K1, (QEMEIERBREERTH B, T—0, R—0, TL—45, RL— 451, ZhEnssin,
MR FE &, FNENASEHEERT, HETNTHMEETHD, VEBEZEIRETHS, $ik,
FNEFNOHEORBFE RO FRBLREMOTEREEMOF -5 Thb, T—0MUR-0 DR
oDt w, =B, S EEMEOBOEBREMREOKRTHY, #0EN6%, 1BV
NVTEND B E B NI EERT,

BEAEOF— 7B HEE SWHBIAR L. B2, FAPhONFGERNZRT, I3
¥, [;, oy XENFNG T, 2B ELART, BRKOFHERWT, i3, oM
K> T RIAC I RS S 5 & BT LW,

Fig. 3(a), b, HEMAMO ¥ v /R EBSIDOTOLTEOMMAERT, WA &bl L
GBI AR, K THIED &V @, Koodersiodendron sp. (1), Madhuca sp. /8 ETHHN,
TBIE, ¥ rEREPHRIEO T BEGEEREE & O & Ol AR U A, $5IC Madhuca sp. T, @is
BEMO T WG & D IEF IO AR Ulce COTEMD, EILEM T, HIRIC K » THIlLEE
DIBEHEC T bDEFEL SN B,

i

3-8 .2 {LEMHEDLE

25« v— i AL MITIC DV T SN Y v SR, MRS, HUERS S, H81RR
R OSTR RIS H O &, B W T O EN S OREM A, Wl & DM 7 5 7 Ricz OfElH
AL L0nR 4, ([a~THh 5,

B D% 7 — 5 E, AMTEAY F 7y 2 KBRS T b bOEMO, §T0S REE
BicowT, M omss” Hetd” 280U, Sheh oM ORFTEIE 5 ~ 28R TH 5.,
Rehc, il EOMITEF -5 270y b L, ZOMIROAMIAE 2 NE OB TR AL, 8]
BIHERNE, X599 o V—BEMOF -y D0TE7ay FOAETRLTS,

SHREEIE, FEHIASTAL - C b7\ il S AN A B D, 2 OO bRV LS
3B B AP - Fo

. A97 —



"Z 91qe], ui o1 suonenbs uorssarSer oy, ‘a10N

‘f1aerd ogwads pue
uonoerp Tenusduel uwr yiSuons ofisus) usomisq diysuoneey (Q)¢ Sig

“7 91qe ], uf a1e suonenbo uoissargar sy Y foj0N
"A1AeI3 oyroads pue UONOLIIP
fenjuadue) Ul uoksus] Jo snnpowr s SunoA usamiaq drysuonepy (8)¢ "8y

( £xg usap ) Aztaran oSrjyioedg { Kag usag ) A3t1ARIH OIFIOSdS

(zWo/uo)) HOTYO9ITd TerjuaBuey, ut sninpoy $,8unoj

2T 0°1 8°0 90 v o S0 2°1 0" 870 g0 ¥'0 270 0
i 1 ] i I 1 I I 1 i ) | ° f | i 1 i | i | 1 i ] |
\ ®©
-~ 01 o] —
9 ° ’
e
usaxn O \\ ]
o o% = s 9
7 — 02 g ° v
=1
o
Lag a1V @ o bt ]
lo) ¢
o
—Joe @ —9
*
[
=}
3 —
o+
-
0V 1 -8
joe
=3 —t
8
[
— 05§ 0T
o
o
»
g, ]
o
—t 09 M et
i
(23
ot
& ]
o
3
— 0L -t
=
& -]
~
O
- 08 3, usexn O —191
° — 06 Kig a1ty @ —81
VW -4 00T fo) -4 0Z
o)




220 -

200

130 -

ot

[=3}

o
!

140 -

120

100

Modulus of Elasticity (ton/cm?)

80

60

Fig, 4(a). The comparison of modulus of elasticity in bending of species from sulawesi
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Fig. 4(b). The comparison of bending strength of sulawesi woods with the ones from
other places.
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Fig. 4(¢). The comparison of compressive strength of sulawesi woods with the ones
from other places.
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Fig. 4(d). The comparison of tensile strength of sulawesi woods with the ones from
other places.
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Fig. 4(e). The comparison of nailwithdrawal force of sulawesi woods with the ones
from other places.
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Fig. 5. Principal types of normalized patterns of anisotropy in young'’s modulus calcu-
lated by eq(1) and Kollmann’s data.
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Fig. 6. The patterns showing the anisotropy of each species.
Notes; L, R and T show the longitudinal, radial and tangential directions

respectively.

. Air-dried condition.
— — - -: Green condition.
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Fig. 7. Distributions of the bending properties in each log.

Notes; ~o-o~ MOE Modulus of elasticity,
-~e-e~ S8.G. : Specific gravity.
-g-m— MOR Modulus of rapture.
~a~&- MOP : Proportional limit in bending.
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336 BEEOREMLHER

Sk, dhf, HEMOmS, v/ RISEDKEHEIIE (hih SHK E ), dhid i i o4,
BB OBHER AR OB ERINCH T 2HE L EICo0 T, BHMEOBRESNISMEEToR R4+ &
WEELUTOLSTHS

1) Anacardiaceae  Dracontomelon sp.

PER, R & BICRhL SR O TR 185088 — VAR, MBI, EOEERIcoOLTS,
EODDINSOlZRY, T, BHEON S BAKE V), BUMOEESH I bD &%
A oD, MIFHIRDRIIS & o BMEIICHE M IS O0hid 5 h 5,

2) Anacardiaceae  Koordersiodendron sp. (1)

HESHEETHD, O oBEICH~THEEMICKEE S, 2 LT, SBORS DA LLTE

ST I SIS L e D271 T COBRIROEIINAOE C, MOELTOR IR 2E5 C &8
T&Uh ot TEDEITERIRMIT S & 2 Hh onicds, WEMOSHM G I N 2138
DOEODEA SN0, ¥ ¥ VRORHER BB TH O, BERARICE, RIZOHOEVLD,

3) Anacardiaceae Spondias sp.

HEAHTGELT, SREMIEB OSBRI >TARE S, FOLORBMIEA ST,

4) Burseraceae Canarium sp. (1)

HE BB OP ORI ETRE—E ThEH, v rfRid, i, sike b - TP L, M
BB TRARLE T3, 718b5, BHETE, ¥ v /RSOl S0 &S F 0
S, GIREEF OB O BT, BHEREOLEET 5 B 0N 5,

COFRIC DT, Photo 1, 2h 5 S Th b, $Hb D5, Photol & Sonneratinaceae
Duabanga sp. (3) OILH 18O D RKOE TH 5. A, EEME, BEEOLHETSH S
M, TEOHIBEEOE S B SHICIRD, FOLMETIRY v 7#H, sha & Higlo o &
B Eh, Lhd, OIRTEHIBE-ED LhkEA bHEET S, COJJ:T'}T;J@*'K,\,DM 1, M,
WX, ¥roRE %LCJJ" HWHED B, KEBD DR O FOOHMIIC IR O & S5 HAs S 5
hitb,

—7J3, Photo 2 1%, Canarium sp. (1) THO /D LM, §1bb, AOFEBEHEEB
EOOHMEBOMIABEDE X I, - &0 Lk, RIRMEE 2 @b&stbf;m Lf»L,
CRSGONBRIEAHEICR ) » 774 v D EMILHOND, COTEMD, EHEMEEEO0L
METE, ¥y 7REZ I DS, BERAMICHLTR, CORY v 794 v HEio 4 =
Ve Ty 28— L0, BOAMNTHEEIT 56D EEL SN 5,

5) Burseraceae Canarium sp. (2)

WESH, WEMSMESICATHY, WHERIHMET %, LT, Canarium sp. (1) ICHS
NIZE DTS, BHLHLTDY v RO LS A HOA—FUI A SNV, MF SO, S, &
BRI E L EEL SN D, ¥ v SREHIINE O,

6) Burseraceae Santiria sp. (1)

PO ORI E TRR—EOMS, v /R ER)L, EHIKBETSEL EVR 5, LlKwd s
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MEDKESHHBETH 5, BWLDTRONIIMA TEVLOREERT

7) Burseraceae Santiria sp. (2)

WiE, & s bie, BOEBEOPMTRARELZHHERT . ¥ v VRBEFTHITHTO,

8) Celastraceae Lophopetalum sp.

WSS ST, BODOREIH > TKEL B 5, SRMEME, HESMFICE HE%E
FL, FORHEHHECETH S, MIRRATE, B SBITERD VL E TAI iﬁ%’(;{’w
ERBEADBAD, WHARECOERT, ¥ v/ RBRAMEGIEF L, BRAHOFERRS b
K&, BHOFAHSREV, RITDEVWEER S,

9) Combretaceae Terminalia sp. (1)

LBEOLDICH XE R &G, BHLLLEEICHEMOEE A ILEIC L B L, BMEE & S
> T ERT 5, 5RBSONHERIEA S &, BB TOMRESHMIOETRALNSEL bIT,
BT LR E- D47 5 10D T SRR TR DS E DRI A R LTz, ¥ v 2SR,

10) Combretaceae Terminalia sp. (2)

ST - oI L, Terminalia DIEO O 4FHEE N T, T 4AHHEOP TR
B IMEL, HEOL DI SBEMIEY, 2R, Terminalia (1) LELUTH -, gob
oW Th, LEFLTH S,

11) Combretaceae Terminalia sp. (3)

EIRD Terminalia sp. (1D, (2) & JHEY, LESEHL, MSRMOEMEOPEB TR LN
BOEHERT, TOMIE, WHowd besaoh, JISOBHEEERFO/NSEETHKEObDT
W, BENSKE (L, JERRI DR D/NSHHEEZRL T S, 0D ORMIZE L, 25
PEb/NE O, BERAFOSIRRS BAEON, RROFABNIN, T8b5, bAVHERELD
EEAB, ’

12) Combretaceae Terminalia sp. (4)

HES, WEMAAEDICATHY, HH2FbREV, FVLREALNITVHBHIED > 1D
DK E L, HIEIERSOESDEMNKEI0DE, Terminalia (3) LEAFETHS, THOHOGDSK
B, BRI Z hobNi ey k- EEELTH 300 LBbN 5, ¥ v 7 BEAMEHRL,
PR BRI En L VA B,

13) Datiscaceae Octomeles sp.

HERNSL, $REBELSRY, FROTAPHID K, ARRKOHNSSH D, BHERBRAE

DR E ST TEONR, TOANEOFNETHESEHICE B3 00H 0, BETHhICHE
Lf:JJ:EJuOJ’Vth» oMb, M, FEM TR OE S 2 3D E0, FO0EHT 5,
SAMEETH O, BRAMEEER S EI0A, RROFARREV, BHRICELEWZ 2,

14) Euphorbiaceae Sapium sp. (1)

EBEAEICE T 2 S OaHEEE, e, SERTHEELTh 3, #OREBILEO L DITH XK
X, NHERBIESHTHD, BHMIKFHIRO L EShHH D & v h— i 508, 0L OREHIE S
5ALIE W,
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CA) (B8)

froed
Q. limm

Normal Wood Brittle Heart

i
0.01lmm
Compression Failure

Photo. 1. Brittle heart and normal wood in Sonneratinaceae Duabanga sp. (3).
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O.1lmm
Normal Wood Brittle Heart

C)

0.01lmm

Compression Failure

Photo. 2. Brittle heart and normal wood in Burseraceae Canarium sp. 1.
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15) Gonystylaceae Gonystylus sp.

DENHOEL, BIICE RN P LORBE T, @A HICEHNAEL bOLMHEEERT
%@tbk%ﬂﬁﬁ%ﬁ%@ﬁm@@%ﬁ%@@%O%ﬁﬁ%<mct§@&%16m%oﬂhm
3R,

16) Guttiferae Calophyllum sp. (1D

WEANFREAT, ZHhICE U CREMAH b A0, WIRIMITE X FH o080, M:u.’%‘t
B S IEL E A SN AHITTEEAER Ui, BAMEEEC, B ROMS 3RV AMEEICE
LEVR D,

17) Lauraceae Litsea sp. (1)

W 3L SR BT O R & (8- TH B, ‘%ﬁﬁffﬁé i, FhEELLLEEYL, Gy vy /#
BIEO DD IEV#EERT, EVLOREIEAONITR,

18) Lauraceae Litsea sp. (2)

BIEEE R, BLOMBIC B L TEY LWMETFARTH, s oo fEd 4 onisiv,
Lauraceae ® 8 FICHLN LT 208, MRS &I LT85 WRRTIASRE IR St IE O E
BEZLND, BRI, BAEGIRRSIRETH S,

19) Lauraceae Litsea sp. (3)

Wi, WEEE b, Z2ONMEEANTH %, LRARAMRICEA DA LN, EDIHDOHMEHO
F oo, {ho 2 IO Litsea £ D bR XV, BAERHEH, ERAMAMSLEATHS

20 Meliaceae Aglaia sp. (1)

P, SR &SI, B ODDBEALE LB A, ZORBDEL, HOETE, M Em i‘?ﬁk*.
<, B EE0OBEENS SN,

21) Meliaceae Dysoxylum sp.

ST, WM & SIIERICATH D, RO K S TREZ (DEADL NI, It
F:biin,

22) Meliaceae Sandoricum sp. (1)

He R AL S B R A T [ > D L CO B RIS A0 % 7Rk T e L L, BTy v 7 3358
R HENCH - T LAY B, fFICDNTOH, S, PR R ILEICHE Lt ZbErd, g0
DOEHIE A SNV, HEEARESERE S, EHICEDEWA S,

23) Moraceae Artocarpus sp.

T & UM IC KT X, B STEEIN, LHOBITRKR L B0MHER T, RFRITIS
TEONHIITHETH 5 L FADHMEMONHEETH S, WHATEE A 29 5 IR
WOLAEET B, RTOMSIIEL, FHEGIE, HEEAMEIRRS AHVA R TS

24) Moraceae Ficus sp. (1)

WS AR I LS, WA A T H B, MR CHREMAME T 5, DED Ficus
sp. (2) & & ABRRAHUTH S

25) Moraceae Ficus sp. (2)
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Ficus sp. (1) LR U A TH Do SR, WELAMEVR 5,
26) Myristicaceae (1)

B3 AR 1872 S B O S REBNIC AL T B M0 S, FERENR S D0 I LRI
THB, 51 SAMER LB T/NS VAR, B <, RO I I B & hiE
WEWA B,

27) Mpyrtaceae Eugenia sp.

HESARSEAT, e, EMOMEMS 20N HIE R TH S, L LsRmSid, ks

OM%RT, S <, SRS RIS &7 D i,
28) Podocarpaceae Podocarpus sp. (1)

AREERAM CTHE—DHIERITH D, WLHE, MEMODHILHIERGE THRETH S, LbL, Bl
PORIEMET, OEWEM 7T MPFIRICAA L, Cof, i, iR by v 7R, shaoid
LoEBELNSL, UL, 20RO DEORER, EEHHC TNV, RO 380
T, BT IERE S350,

29) Sapindaceae Pometia sp. (1)

HEEEC, HERELEV, AMMTHEIET T %, $HLTERIRINCE 2 255 512555
RV TRIFET LAV, UL USRS S BIEHICEL 155, Cofimid, Canarium sp. (1) T
HonfcbDLERETHD, COEBLEILIA VOFNLMELEEZLLNS, ¥ v SR
Fa,

30) Sapotaceae Madhuca sp.
HWEE, SEOHEBRMEOHRTRATHD, ThIThP L TR SRKRTH S, LENH bR

ZOTHICRHCE IR TREVNOEENKE L, TBEMOESSEOFREN - &
Bbh s, BHRAROBIEREOBIEEILEAVEER 5,
31) Sapotaceae Palaguium sp. (1)

R R LEAHICHIE LT %, BB OMEEI HEOLD /NS BLOT RS

NI TEOVILDRER T, BTV,
32) Sapotaceae Palaquium sp. (2)

HEE, #OmoHRICHE->THEREOBS ETEY, TITHIE LT, ZTO8ES TRIREMIZEL
Vo PIIRAYICIZE 2 XA SN - Fods, B BRI S OO ORI A TR U, SRHHEES
(R

33) Simarubaceae Ailanthus sp. (1)

B BZICTE] » TLHE AT G LTS RS (15505, LWEDMIMDES NP 5P
DDV, EOBEMDANOETH D, WML v h— vk, Thicfias BREMA LN,
LDEYHE—WCLZLHMOBSIETRA SN, BEHRARNIIER ICE O, BAERHEY,

34) Simarubaceae Ailanthus sp. (2)
HHEDH D ICEEEE LR @V, BN, WS4 & I, Ailanthus sp. (1) &2 <



BRISDBTH B0 ML U Tuieds, sl i 38 U Tuw sy, Mo 4 i3RI
MTHO, FOLOHHENS N BHEBRIEASR Uic, BAMEM, BERF M S @50,

35) Sonneratiaceae Duabanga sp. (1)

YR, SEELEOECHIE L TET 5, UMK TEORN TS IIE T4 5, 5
TS <, BERARIOME bV, |

36) Sonneratiaceae Duabanga sp. (2)

WM ONERTHIE LS DRHDENHD SN B0, FNLIADBETCHE, B S G LT,
LA LT 5, MR BBUREL, oo bbb,

37) Sonneratiaceae Duabanga sp. (3)

HBPOITA G, THTH D RIEMHO S b FHTH D, HEODDICHS BAS L, Db
ICEOLHMESY T A DiB 64, Hl, MBS LKz BTET LTV 5,

38) Sterculiaceae Heritiera sp. (1)

HEBEODDICIMS SR EV, LEDME, BEMSHEOICEATH S, RAEESERETHD
PRI 5 RS S 158 RV BV, OIS i A 5 B,

39) Sterculiaceae Heritiera sp. (2)

RO ORI ETRIE—EDRE, ¥ vV RODAZRT BhIMC & GEOALEE TE VO
B HN T, BGHEGEE T, HHETENEE < d v,

40) Sterculiaceae  Sterculia sp. (1)

H#EE, SEOEBMEDTROENODICA DY, 20bbICHE, ¥/ Boskxiafiss
$o HENT, MEHONE BICRTH S, UL K FB L TH Y, 5 1RIMTIC (3 U
MASDHII D, BIMFIRC, AL IRRSIEEO, MTHMEORET» S, ZOEOLDENH
5N b,

41) Sterculiaceae Sterculia sp. (2)

S I LT &S L Ae i AR08, DI Sterculia sp. (1D B EB TR O, AMEI
B#MA N, MEMET LTS, #OBIcECLOBRNA SRS,

5l B X ®
(1) MEEREBR : AMIEA Y 7y o, W3, 1973
(2) FEEEFOITEREE © RO R EH B4 2 AT HE Y, 1 6342 A
(3) NI - MRaliTR 24845, 1972

” 2914, 1977
” s 297, 1977

(4) CTHER OIS 30080, EARRMM THEN S, 1975

(5) BB ARBER, PREEACSEE - MRBAWIR 277, 87, 1975

(6)  Kollmaun F.F.P., W.A. Coté, Jr : Principles of Wood Science and Technology, 294,
1968
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3.4 Summary

Strength Properties

In this chapter, the strength properties are summarized. Testing items were tensile tests in
parallel and perpendicular to grain, bending, compression parallel to grain and nailwithdrawal
tests.

All of the data were not only listed up but were classified and analyzed experimentally for the
purpose of good understanding of the species.

The procedure of preparation of testing pieces is as follows. Quarter sawn boards of 3-4.5 cm
in thickness and over 20 cm in width were cut from diametral direction of the each green log
and the flat sawn boards in the same dimension as the quarter sawn board were cut from the
boundary between heart wood and sap wood of each green log.

Green boards were crosscut into two longitudinal parts. The one of them was prepared for
tests in green condition and the other one was dried by mean of low temperature condition.

Test specimens of tension parallel to grain, bending and compression test were cut out at
regular intervals from pith to bark side of the quarter sawn board to be able to know the dis-
tribution of each strength in a log. The remaining parts of the quarter sawn boards were used
for the nailwithdrawal test.

The tensile test specimens were prepared from the all conditions of the boards of each species.
Namely, the tensile test specimens in radial and in 45 degree directions were cut from green and
air dried quarter sawn boards. The other ones in tangential and in 45 degree directions were cut
from flat sawn boards in green and dried conditions. Longitudinal tensile test specimens were
also cut from the green and dried boards.

The number of the specimen of each test varies with the species. The round numbers of the
specimens are ten for longitudinal tension, ten for bending, six for compression and seven for
tension in perpendicular to grain under each condition. For the nailwithdrawal testing, ten nails
were used for flatsawn, quartersawn and cross sections respectively.

Testing Method

All tests were carried out in conformity with the Japan Industrial Standard.

The outline of the testing methods are as follows.

Tension parallel to grain; Instron type universal testing machine (Shinko TCM-10000) was
used. Load was detected by a load cell and strain was measured by using the wire strain gage
(16 mm in gage length). Testing speed was 500 kg/min,

Bending; The central loaded simple bending was carried out by the same machine mentioned
above. The length of span was 28 cm. The cross section of the specimen was 2 x 2 cm. Load was
measured by load cell and the movement of cross head of the machine was used for measuring
the deflection. The crosshead speed was selected in 3 mm/min.

Compression parallel to grain; The dimension of the specimen was 2.5 x 2.5 x 7.5 (length) cm.
Load and strain were measured by mean of the load cell and the strain gage respectively. Testing
speed was about 1000 kg/min.

Tension perpendicular to grain; The dimension of the specimen is shown in Fig. 1. Testing
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Table 1 (a).

Strength Properties in Tension, Bending and Compression

X Specific { Moisture Tensile Bending Compressive
Species Gravity at | Conient at
Testing | Testing (%) Ig, (tonfem®)  CV (%) |op(kgfem®y  CV (%) €4 (%) CV (%) By (onjem?) CV (%) |oppikglom®) CV (%) |op tkgfom?®)  CV (%) |EcGonfem?)  CV (%) locp (kg/em®)  CV (%) |o¢ (kgfem?) CV (%) € (%) CV (%)
Anacardiaceae  Dracontomelon sp. 0.58 14.0 146 11.6 741 44,0 0.52 32.9 106 10.2 472 (433) 212 Q29.0) 771 14.8 168 (152) 8.81(16.2) | 403 (314) 203 (44.3)| 547 (519) 6.95(9.69)| 0.483 13.6
Koordersiodendron sp. (1) 0.71 10.5 221 4,88 2410 115 1.05 3.91 120 (110)  7.03 (19.0) | 632 (556) 8.37(28.2) {1180 (1040) 14.6 (28.8)| 197 (181) 6.08 (11.6)| $96(528) 9.13(174) 759 (681)  6.67 (16.0)[0.555 (0.523) 104 (17.0)
" Spondias sp. 0.45 15.0 123 (119)  5.27(15.2) | 1110(980) 14.1(23.6)]0.902 (0.834) 6.23 (13.9) 92.3 8.00 354 16.5 568 17.5 109 9.13 289 11.6 295 12.1 0.287 4.10
Burseraceae Canarium sp. (1) 0.57 11.0 160 13.1 884 24.0 0.608 31.7 110 4.26 577(554) 11.0 (16.6) 828 16.8 168 6.25 349 21.7 548 6.02 0.476 10.9
" Canarium sp. (2) 0.60 12.5 147 (135)  4.54 (15.3) | 1110 (880) 19.2 (45.6){0.802 (0.675) 17.4 (34.3) | 88.7 (85.4) 8.57 (10.6) | 473 (430) 13.4 (24.1) | 789(688) 12.5(Q27.3)] 113 (110) 693 (10.5) | 380 (375) 11.3(11.2) ] 493 (475) 7.83 (13.1){0.626 (0.599) 25.8 27.9)
Santiria sp. (1) 0.54 15.5 123 .71 998 7.89 0.859 12.6 95.9 11.6 470 12.3 793 9.51 132 10.4 306 12.7 460 9.85 0.457 7.13
“ Santiria sp. (2) 0.58 14.0 134 13.4 1030 25.1 0.851 213 112 (109) 6,51 (7.37) | 537(496) 14.9(22.8) | 983 (916) 5.60(16.8) 170 20.2 357 22.0 561 5.97 0.462 17.1
Celastraceae Lophopetalum sp. 0.48 10.5 150 (147)  5.87(8.61) | 936 (874) 28.9(36.2)(0.654 (0.613) 21.4 28.7) 98.2 (89.7) 7.86(20.2) | 445 (398) 13.6 (25.8) | 753(669) 6.58(24.2)| 123 (104) 9.6 (16.7) | 443 (379) 111 (18.1) | SO1(439) 11.6(15.2)0.453 (0.463) 12.0(9.78)
Combretaceae  Terminalia sp. (1) 0.47 12.5 147 (143)  1.52 (6.42) (1430 (1200) 11.7(34.2)10.956 (0.814) 12,6 30.7) | 109 (104)  7.50(8.81) | 522(473) 12.5(19.3) | 922(847) 7.40(15.7) 144 6.67 450 21.7 488 10.7 0.398 15.5
" (€3] 0.49 16.5 116 (109) 4.70 (11.7) {1100 (897) 12.1(37.5){0.984 (0.826) 9.60 (32.0) | 74.2 (66.4) 4.30 (15.6) | 440 (369) 7.80(27.6) | 440 (369) 7.80 (27.6) 110 8.18 350 4.16 387 6.59 0.360 5.99
3 0.69 13.0 158 12.7 945 20.7 0.620 16.9 135§ 6.70 637 5.04 1130 12.1 186 10.4 511 13.8 650 8.62 0.454 11.2
" (4) 0.64 10.0 169 (158)  14.7 (18.4) | 1190 (926) 25.9 (51.9)]0.734 (0.586) 15.9 (42.6) | 100(93.2) 8.09 (16.0) | 564 (515) 103 (20.5) | 954(855) 15.1(26.2)| 177(153) 5.69(21.8) | 575(507) 11.5(25.6) | 730(639) 14.2(25.0)]0.627 (0.599) 34.9 (29.7
Datiscaceae Octomeles sp. 0.39 10.0 88.3 (86.3) 14.5(15.0) | 581 (504) 24.5 (40.0)|0.717 (0.620) 214 (38.2) | 47.5 (47.1) 14.0 (13.7) | 231(226) 169 (17.8) 380 (373) 12.2(13.2) 75.1 13.3 204 25.7 312 8.05 0477 13.4
Euphorbiaceae  Sapium sp. (1) 0.43 15.0 123 8.38 872 9.72 0.751 9.85 65.6 6.60 306 5.60 499 4.40 96.8 17.1 265 9.13 284 8.12 0.342 17.0
Gonystylaceae  Gonystylus sp. 0.56 9.0 169 (169)  4.87 (4.65) |1360 (1300) 16.3(21.5)]0.826 (0.789) 12.5(18.6) 106 6.39 528 15.3 884 (755) 12.4(36.7)| 151(148) 4.54 (7.19)| 589 (545) 8.28(21.6) | 667(633) 5.10(13.9)]0.534 (0.535) 7.06 (6.50)
Guttiferae Catophyllum sp. (1) 0.46 10.0 140 (135)  5.81 (12.0) | 975 (901) 123 (25.1){0.711 (0.677) 8.88 (15.8) | 88.7 (80.1) 9.63 (22.7) | 463 (398) 143 (34.1) | 714 (612) 13.9 34.0)| 150(132) 9.97 (18.2) | 481 (389) 13.6(33.6) | S93(S14) 8.57(20.0)0.454 (0.452) 8.10 (8.81}
Lauraceae Litsea sp. (1) 0.46 15.0 107 12.9 713 1.6 0.720 13.5 71.9 8.40 346 7.82 563 1.1 114 9.04 320 9.98 331 7.59 0.312 13.2
" 2) 0.49 12.5 133(128)  8.27 (10.8) {1350 (1090) 7.70 (42.0)] 1.06 (0.865) 11.7 (40.0) 103 10.6 444 6.84 829 4,76 127 8.90 384 16.1 465 5.38 0.451 9.89
" " 3) 0.47 10.0 116 (109)  12.2(17.3) | 639 (571)  23.6 (39.4)]0.600 (0.533) 25.1 (35.7) | 91.7(80.7) 11.8(24.2) | 453 (383) 11.4(32.5) | 732 (607) 12,0 34.0)| 121 (114) 8.3 (14.3) | 393(375) 8.6(13.2) | 514 (480) 9.10(15.9)10.618 (0.582) 22.7 (24.4)
Meliaceae Aglaia sp. (1) 0.65 16.0 156 8.59 1630 6.26 113 8.36 119 8.67 614 5.16 1060 1.90 162 14.4 402 (372)  16.4 (26.6) 510 18.8 0.405 8.89
i Dysoxylum sp. 0.54 10.0 166 (150)  5.25 (16.4) | 1080 (623) 28.3 (69.3){0.677 (0.445) 33.2(55.5) | 105 (95.7) 13.4 (18.5) | 526 (394) 14.5 (42.8) | 827 (599) 16.5 (50.0) | 150 (144) 5.80 (11.3) | 460 (434) 6.89 (16.1) | $53(523) 6.04 (15.0)|0.487 (0.466) 21.0(23.2)
" Sandorictnt sp. (1) 0.43 12,5 108 14.1 684 25.3 0.651 26.6 80.6 8.56 311 211 692 7.94 114 7.88 299 18.8 410 6.73 0.442 8.57
Moraceae Artocarpus sp. 0.27 10.5 901 (81.8) 10.1(18.2) | 563 (472) 23.0(38.3)10.655 (0.591) 17.7(25.1) | 56.3(51.1) 9.15(17.7) | 286 (257) 10.6 (20.8) 429 (386) $.29 (18.5) | 76.9 (68.9) 6.53(19.9) | 258 (214) 12,5 (34.9) | 298 (265) 7.04(20.7)|0.414 (0.422) 6.23 (6.96)
" Ficus sp. (1) 0.56 15.0 144 10.1 952 18.9 0.672 14.8 §8.1 8.10 488 11.9 733 9.00 150 6.38 453 10.2 460 6.72 0.329 9.31
" " ) 0.47 9.5 141 9.14 891 14,0 0.655 6.83 950.8 8.63 459 5.86 713 6.06 148 6.10 480 9.48 512 7.90 0.361 6.60
Mpyristicaceae (1) 0.50 9.5 139 (136)  7.43 (9.55) | 965 (899) 15.0 (20.6)[0.731 (0.702) 10.7 (13.2) | 69.6 (67.3) 6.72(11.2)} 332 (311} 11.8 (18.9) | 577 (548) 1743 (13.7) 130 8.04 404 142 500 6.75 0423 14.7
Myrtaceae Eugenia sp. 0.78 10.0 206 (204)  9.95 (10.1) 11790 (1680) 22.6 (29.9){0.946 (0.892) 18.9 (26.2) 119 6.50 558 17.4 1030 9.40 167 9.38 481 8.06 641 199 0.624 14.0
Podocarpaceae  Podocarpus sp. (1) 0.53 10.0 148 (147) 12,7 (13.3) 1370 (1320) 12.7(17.0){0.982 (0.941) 4.86 (13.9) | 974 (96.0) 11.7 (12.1) | 520 (512) 7.19 (8.87) | 941 (910) 551 (12.3)| 153 (144)* 2.40 402 46.0 606 3.50 0.443 13.3
Sapindaceae Pometia sp. (1) 0.67 10.0 221 (220)  6.03 (6.84) 1880 (1620) 15.0 (34.8)}0.887 (0.765) 12.2 (32.6) 149 (132)  8.05 (16.9) | 685 (557) 8.89(28.7) | 1170 (943) 8.56(29.8) | 203 (192) 6.77(10.5) 543 (454) 8.49 (28.8) | 688 (630) 9.98(15.6)[0.399 (0.417) 10.6 (12.9)
Sapotaceae Madhuca sp. 1.06 115 271 (268)  9.69 (11.5) {2550 (2160) 17.2(32.8)]0.960 (0.822) 13.9(29.3) 219 (211)  20.0 (20.1) | 1030 (946) 16.0(23.9) [1870 (1730) 18.1(23.5) 272 13.9 700 15.3 975 6.32 0.719 19.1
o Palaquiw (7> (19 0.51 12.5 119 11.4 882 27.0 0.769 22.1 91.6 8.93 400 21.9 799 11.2 124 16.0 283 19.2 479 9.92 0.522 13.3
" 2) 0.56 10.0 139 (140)  9.25 (10.6) | 1020 (890) 11.3 (32.4){0.778 (0.688) 11.1 (31.3) | 96.0 (87.8) 9.42(20.4) 429 (385) 15.7(26.2) | 786 (693) 15.2(29.4)| 146(132) $5.33(13.3)| 431(374) 281 (18.5) | 391 (544 3.08 (10.8) 10.747 (0.726) 18.5 (16.6)
Simarubaceae  Ailanthus sp. (1) 0.42 11.5 149 (136)  8.12(16.9) | 1120 (946) 8.34 (30.3)]0.758 (0.687) 5.25 (17.8) | 96.6 (92.3) 104 (14.2 339 (323) 12.2(16.0) | 687 (652) 9.67 (15.1)] 131(123) 847(13.3)| 345(316) 16.5(21.5) | 444 (412)  10.3(16.3) 0.348 10.5
" " 2) 0.39 10.0 153 (149) 108 (12.0) | 1020 (926) 29.1 (38.3)]0.679 (0.628) 19.5 (27.9) | 101 (81.4)  7.75(25.9) 343 (262) 19.3 (38.3) | 743 (539) 134 (44.4)| 114 (103) 13.2(17.7)| 304(242) 27.6 (41.4) | 380(337) 14.5 (20.4) [0.352 (0.375) 2.78 (7.70)
Sonneratiaceae Duabanga sp. (1) 0.41 12.5 117 (99.0)  3.69 (20.1) 758 36.1 0,907 (0.783) 9.60 (20.6) | 78.3 (74:3) 12.1(15.4) | 378 (363) 14.7(15.6) | 634 (588) 12.020.2) 108 20.7 339 20.8 406 118 0.441 24.7
" (2) 0.48 15.5 121 (117) 123 (16.1) | 769 (736)  20.6 (24.3)|0.829 (0.876) 12.2 (13.1) 72.8 12.3 367 14.0 575 13.3 137 12.6 356 9.55 3717 5.70 0.299 16.1
" . )] 0.48 17.0 154 (144) 2,98 (14.3) [1210 (1020) 13.2 (39.7)]0.801 (0.702) 12.4 (32.2) | 86.2(84.5) 2.08(8.87) | 391 (386) 7.13(9.30) 627 (620) 822 (9.11) 135 10.9 305 24.6 348 11.8 0.271 13.6
Sterculigceae  Heritiera sp. (1) 0.53 12.5 152 (143)  6.20 (14.1) | 1110 (889) 23.1 (46.9){0.773 (0.635) 23.3 (42.4) | 113(104) 10.8(15.9) | 542(465) 16.2(3L.3) 982 (867) 10.5(24.1)| 163 (144) 164 (25.5) | 392(341) 8.32(25.6) | 560 (482) 10.5(26.8) 0.458 33.4
" ©2) 0.56 10.0 168 (165)  8.04 (9.05) [1250 (1190) 12,3 (19.3){0.748 (0.715) 5.55 (13.3) | 93.3(90.5) 5.19(10.7) | 524 (464) 15.6 (30.2) | 811 (739) 12.4 (23.4) 162 3.71 508 16.9 679 6.52 0.559 17.0
" Sterculia sp. (1) 0.29 12.0 124 (96.1) 14.0 (42.1) | 708 (499) 135 (56.1)]0.648 (0.537) 16.7 (32.2) | 729 (34.9) 10.3(36.9) | 213 (154) 7.40(41.0) | 520 (376) 897 (417 | 123(108) 12.9(26.9)] 292(263) 21.6(28.4) | 334 (301) 11.8Q23.1) 0.294 10.1
" " 43} 0.32 13.5 127 (118)  12.8 (14.3) | 843 (719) 16.1 (32.0)|0.689 (0.617) 16.4 (24.7) 59.4 9.44 245 9.20 460 15.0 104 (97.6) 18.0(23.4) | 260 (241) 18.0(23.3) | 274 (260) 15.7(20.3)[0.271 (0.274) 7.02 (6.97)

Notes;

E. : Young’s modulus or Modulus of elasticity
o. @ Strength, o.p: Proportional limit, € : Maximum strain
CV : Coefficient of variance (Standard'deviation/Mean x 100)

All numbers are mean of data from defect free specimens, bracketed ones are simple means value.
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Table 1.

{b) Nailwithdrawal data

- Moisture (kg/cm)
Seoie | Coment |1k v om
(%)
Anacardiaceae  Dracontomelon sp. 0.55 14.0 23.4 £ 3.07 20.0 £3.07 164 +3.07
’ Koordersiodendron sp. (1) 0.76 11.0 259+17.0 233+17.0 19.1%17.0
" Spondias sp. 049 15.0 27.9+1.70 28.8+1.70 17.7:1.70
Burseraceae Canarium sp. (1) 0.62 11.0 125097 11.2=x1.12 10.8:1.06
2 Canarium sp. (2) 0.57 10.5 19.0+6.20 29.7x6.20 16.7£6.20
" Santiria sp. (1) 0.53 15.5 30,2412 26.1+4.12 18.0+3.91
” Santiria sp. (2) 048 . 12.5 27.8+2.78 295278 2251278
Celastraceae Lophopetalum sp. 0.51 10.0 213317 244317 16.8=z3.17
Combretaceae  Terminalia sp. (1) 0.48 12.5 27.8+2.78 29.5+2.78 22.5z278
iz iz @ 0.47 16.5 32.9+£3.10 31.9%3.10 19.7%3.10
" " 3) 0.71 13.0 58.0£547 51.3+547 33.7+547
" ” 4y 0.61 10.5 324£13.6 345136 284136
Datiscaceae Octomeles sp. 0.39 10.5 777+ 233 7.65+234 6.35%2.34
Euphorbiacene  Sapium sp. (1) 0.42 15.0 19.7£1.74 221174 12.0%1.74
Gonystylaceae  Gonystylus sp. 0.57 9.50 26,7+ 2.58 26.6+2.58 21.5«2.58
Guttiferae Calophyllum sp. (1) 0.48 10.0 24.0+5.52 23.8+5.52 18.0%5.52
Lauraceae Litsea sp. (1) 0.46 15.0 7.64 080 7.53+0.80 5.37+0.80
" v (2) 0.47 12.5 9.21 x2.08 8.14=x1.98 10.8%2,08
o v (3) 0.50 10.0 19.3+2.88 17.1 #2.88 15.5+2.88
Meliaceae Aglaia sp. (1) 0.51 16.0 248+ 261 22.7+261 157248
" Dysoxylum sp. 0.53 10.5 21.5+5.55 22,0555 18.0+5.55
" Sandoricum sp. (1) 0.42 12.5 149+ 1.14 17.2+1.14 12.1:1.14
Moraceae Artocarpus sp. 0.29 9.00 7.21 149 835+1.49 505+1.49
" Ficus sp. (1) 0.59 15.0 3512243 293% 243 247+ 243
" v (D) 0.48 10.0 18.2£3.34 205334 11.7%3.34
Myristicaceae (1) 0.48 10.5 10.5£2.84 13.2:2.84 9.25+2.84
Myrtaceae Eugenta sp. 0.77 12.5 48.8+6.62 47.826.62 34.7+6.62
Podocarpaceae  Podocarpus sp. (1) 0.53 10.0 26.0 +4.55 26.7+4.55 20.21:4.55
Sapindaceae Pometia sp. (1) 0.68 11.5 33.2+9.28 40.8+9,28 31.1+9.28
Sapotaceae Madhuca sp. # 1.08 125 |63.7£6.25 5832559 413510
o Palagquium sp. (1) 0.57 12.5 350%4.25 351x4.24 19312424
o % 2) 0.56 9.50 34.7+4.92 343:492 229:4.92
Simarubaceae  Ailanthus sp. (1) 0.44 11.5 19.5£2.67 25.5%2.67 13.2x2.67
& " ) 0.43 10.5 17.1£3.76 17.0:4.12 9.81 = 3.26
Sonneratiacene Duabanga sp. (1) 0.43 12.5 19.5+2.55 18.1 %255 13.22x2.55
" " (2) 0.48 15.5 21.9+1.78 26.1+1.78 13.721.78
" " 3) 0.46 17.0 29.1+3.35 27.8+3.35 14.9+3.35
Sterculiaceae  Heritiera sp. (1) 0.52 12.5 34.1 £ 3.00 384 x3.00 24.6+3.00
" " (2) 0.54 10.0 19.8+7.70 21.8+6.67 16.9=7.70
" Sterculia sp. (1) 0.37 12.0 11.1 £ 241 13.8x241 10.2x241
" " (2) 0.33 13.5 235233 152233 104 +2.33

Note: Mean * estimated value in 1% level.
#Drilled 2 mm diameter and 10 mm in depth before nail driving.
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machine was Instron type one (Shinko TCM-500). The load and the strain were measured by load
cell and extensometer respectively. Testing speed was 2 mm/min.

Nailwithdrawal test; Testing machine was the electroservo hydraulic testing machine (MTS
810). The attachments shown in Fig. 2 were used for the test. The iron nail (N 45) was drived into
the specimen until 3 ¢m in thickness by a hummer and the withdrawal speed was 0.6 mm/min.

Result

1. List up of the data

All of the data are listed up in Table 1(a), (b), (¢). The numbers in Table 1(a) are the data
which were given from the clear specimens which didn’t contain the defects, like brittle heart
and sloping grain. The bracketed data are the simple mean values of the all data,

Table 1(b) shows the nail withdrawal data in respective sections. The numbers represented
the estimated values in 1% level of the mean value.

Table 1(c) shows the tensile data in perpendicular to grain. The marks T, R and L represent
the tangential, radial and longitudinal directions respectively. Subscriptions TL-45 and RL-45
indicate the 45 degree directions to the tangential and radial directions.

The numbers written in the upper column of each direction show the data in air dried condi-
tion and the lower ones are the data in green condition.

2. Correlation between strength properties and specific gravity.

Almost all of the data shows good correlation with specific gravity. Table 2 shows the regres-
sion equations in the relation between strength properties and specific gravity. Almost all of the
equations excepting the maximum strain show the significance in 1% level.

3. The comparison of the data of Sulawesi woods to the ones from other place of production.

Some mechanical properties were compared with the other tropical or domestic woods in
Fig 4(a)-(e).

4. Classification of the strength properties.

Table 4 shows the classification of some strength properties of the all species.

The numbers IV are based on the criteria predicted in Table 3. The principal cmterm were
determined in confirmity to the method of Japan Government Forest Experimental Station.

5. Anisotropy of Young's modulus.

The young’s moduli at arbitrary grain angle can be estimated from the equation (1) and the
measured young’s moduli Ey, Eq, Eg, Eyp.gs and Epg.45. The value Eg/Ey, can be drawn on the
polar co-ordinate as shown in Fig. 5. The pattern in Fig. 5 shows the example showing the degree
of anisotropy of young’s modulus, Those were used for the decision of the criteria in the aniso-
tropic degree of the species.

Fig. 6 shows the patterns of individual species. In the figure, the pattern shown by broken line
is the anisotropy under green condition.

6. Radial distribution of strength properties.

Fig. 7 shows the distribution of the bending properties from pith to bark, while Fig. 8 shows
the one for tensile properties.
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Table 2. Regression Equations in relation between strength properties and specific gravity.

o Paraliel to Grain

Young's Modulus in Tension (tonfem?) Iy=215p + 334 1=0.84%%
Tension Strength (kg/cm?) o= 2460p — 180 r=(,78%*
Maximum Strain in Tension (%)  eeeeeemmeeneees e
Modulus of Elasticity in Bending (tonfem?) Ep=179p + 3.00 r=0,87%%
Bending Strength (kg/em?) op= 1740p — 120 r=0,90%#
Proportional Limit in Bending (kg/cm?) opp=983p — 54.2  1=0.92%%
Young’s Modulus in Compression (tonfem?) E=230p +20.9 r=0.88%*
Compressive Sirength (kgfem?) 0= 931p +14.5 r=0.85%%
Proportional Limit in Compression tkgfem?) - oep™ 607p + 80.8 r=0,77%*
Maximum Strain in Compression (%) €= 0.5'27; + 0,174 1=0.62%

o Tension Perpendicular to Grain (1) Tangential Direction

Air Dry Green
Young’s Modulus  (ton/em?) Er=  18.4p9 - 341 1=0.96%* ‘Ep=  21.0py - 5.88 1=0,92%#
Epas= 27.2p9 — 145 1=0),89%* Ergs= 25.1pg ~ 3.30 r=(,86%*
Strength (kgfem?) o= 165pg — 33.5 1=0,90%* o= 130pg ~ 20.2 r=0,92%%*
ata5= 199pp +2.79 1=0,82%% o145 181pg —13.3 r=(0.83%#*
Proportional Limit (kg/em?) ORp= 60.2pg ~ 2.51 1=0,78%* Gszy 63.6pg ~ 11.1 1=(0.85%*
oRpas= 93800 +8.23 1=0.64%* oTpas= 124pg ~ 20.8 r=0.85%*
Maximum Strain (%) P T pep—— - €p= ~1.30pg +2.48 =), 378
ain at Propor-
BT @ cmmemmemome e
o Tension Perpendicular to Grain (2) Radial Direction : .
Alr Dry ) Green
Young’s Modulus  (ton/em?) Er= 29.8p¢ — 3.10 r=0.86%* Er=  20.9pg - 3.08 r=0.86%*
Epgs™ 35.4pg + 2.36 r=0.80%* Erqs= 34.0pg ~ 349 1=0.82%*
Strength (kg/em?) op= 142p0+204  r=0.65** oR= = 16lpg — 13.7 r=0.87%*
oRas™ 3l6pg — 1.03 r=0,74%* aras® 262pg ~ 12.3 r=(0.83%*
Proportional Limit (kg/cm?) orp= 50.2p9 + 19.6 r=0.46%* oRp™ 107pg — 14.7 r=0.7§**

oTpas= 13300 +20.8°  r=0.55% oRrpas=148p0 — 425 r=0.78%*

Maximum Strain = (%) 00 e e e
e .
ﬁgs::;,ﬁ,,‘gfpm ) erp= —0.262p0 + 0534 1=—0.40*

o Nail Withdrawal Stress (kg/cm)
LR Surface N=69.3p+11.5 r=0.76%*
LT Surface N =63.6p+8.24 r=0.75**
RT Surface N =48.8p+798 r=0.82**

Note; p : Specific gravity at testing.
po : Specific gravity at oven dry.
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Table 4, Classification of the Strength Properties
{Based on the Criteria in Table 3)

Parailel to Grain

Tension perpendicular to Grain

Specics Bending | Compression Tension N Tangential Radial cv A | Remarks
Ep op|Ec oo e | B o o By er ey | ER ep  er jop oc o
Anacardiaeeae  Dracontomelon sp. mon|momowvia o ot v oW
" Koordersiodendronsp. (1) HE IV IV V. V|V V V[ [V IVAED VO TIAD VA vy i 1 i 3
P Spondias sp. ottt o1 1 |unon W nounom
Burseraceae Canarium sp. (1) w onym o w1 |1 2 T o
" Canerium sp. (2) non|n oH VI NP I Ian man BEaviinam vy mam e g vl o
" Santiria sp. {1} noojg m v i onmm | B T | A
" Santiria sp. (2) HE BB MOV H PR LA van vampvanp ivan o man i1 e o
Celastraceas Lophopetalum sp. g W IviH oo D man By Hay g vavy o vl o
Combretaceae  Terminalia sp. (1) HE BEDIOND [0 rviHL By A HI) ng) g ran g ionovin o
” “ 2y [ SR O T S A I A A A A I 1) Hmorov o
" " 3) WOV IV IV I BV OVOR A ndaniivay vai vy i w
” " 4} oMM VoV e HE I P HEGD VAR VY)Y L)Y A mah ot v P W
Datiscaceae Octomeles sp. H 1 LI R AN Pona Iy man vy 1 Hy myin 1 vin powW
Euphorbiaceae  Sapium sp. (1) 1 1 1 H [N S T S | B O [ H 1 H P
Gonystylaceae  Gonystylus sp. m DI VoV HD HD ML HE L HAD HEAD N HLOD Ivan ran (v g
Guttiferac Calophylium sp. (1} Homimov oWy N onnng nan v Hay o nan nam iy onouh 1 o
Lauraceae Litsea sp. (1) I 1 [ | 1 S | H 1 Hu
- " 2) oo N VIR OHD VA man vayy nay ) ram b v
" ” 3) HooniH WV H L0 Ingh g )y By m@m pavy v v o
Meliaceae Aglaia sp. (1) IR (ER I T L VNS TGN N A O I 1 oo B
h Dysoxyiun sp. BN PHEOHE OIVEND 0 LI ROD i My g ng wvamnyon v o
" Sandoricum sp. (1) monlnon ompy ot orlujinm g v ung o owmaepiio1 mpn
Moraceae Artocarpus sp. 1 H H ToHI i i 1 "y I v 1y o owansn omo vl o
" Fieus sp. (1) nmonim B oo 1 | B B
- ) (RO T 1 & 1IN O N 1 O ¢ U 14 DU A0 Y I 1€ DT S I 1920 N U WS I O
Mpyristicaceae (1) Tobby oW om0 ngy vavy g v o nwm i 1w
Myriacear Kugenia sp. HE O H IV O VLIV IV IV IV IIVAID IV o Ivah ovan stav o 0o
Podocarpaceae  Podecarpus sp. (1) 0ourp v e u e v gy Ban ¢y 1m 1y rap ot non W
Sapindacear Pometia sp. (1} WO LIV Y VoIV Y VAN A i mdan o vavy i o noavi o
Sapotaceae Madhuca sp. V VIV V VIV V IVIVIVIV) IV 10D vy vy 1 a1 vy W
“ Palaquiun sp. (1) HoOH I M vV H 0 njvioagn mgny oy o omg main oroun !l a
" " 2) ooV vin oo o nbi|unan mom ivan men vap ivampm o o vy o
Simarubaceae  Adlanthus sp. (1) HoH o moniHon NG nen tavy g o ram e n oy P
” “ @) g omimon b u Ky B onm rm i pvyono o vim o
Sonneratigeene Duabanga sp. (1) 01 Do omin o v ung nn o navy nam 1 M [non vt
" " 2y b o orinon o um notrou
” ” (3) mownlw o r e u m PonH o
Sterculiacese  Heritiera sp. (1) mongi U L OIVEH O 0 viIEgh mamiveyy no o g sampmou v o
- * ) oon |V VB 0|0 A g vayy nay migm o meyy pn oy ni i o
Sterculdia sp. (13 Poor|lnonorinor | rmo 1@ nav) nw o 1an v Vi o P
2) [ ZS U N T N A A 3 N { N I | o i o

Note; All Symbols are predicted in Table 3.
Classifications enclosed with brackets show ones in green condition,

In the remarks, o) Brittle Tailure was recognized at bendibg test,
&; Brittle failure was recognized within 4 limited reglon in the trunk.
W; Wave of grain was recognized in the specinien,

P. Pinholes were recognized in the specimen.

CW; Compression wood was recognized in the specimen,
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Table 6. Ratio of bending strength at inner position in trunk to it outer position.

No. Species P20/Pgo ob20/ab80
1. Anacardiaceae Dracontomelon sp. 0.79 0.74
2. " Koordersiodendron sp. (1) 0.63 0.47
3. " Spondias sp. 0.81 0.61
4, Burseraceae Canarium sp. (1) 1.01 1.03
5. v Canarium sp. (2) 0.74 0.54
6. " Santivia sp. (1) 0.82 0.82
7. " Santiria sp. (2) 0.95 0.92
8. Celastraceae Lophopetalum sp. 0.83 0.74
9. Combretaceae Terminalia sp. (1) 0.84 0.76

10. " " 2) 0.80 0.72

11 " " 3 0.99 111

12, " " ) 0:55 0.48

13, Datiscaceae Octomeles sp. 0.84 0.93

14. Euphorbiaceae Sapium sp. (1) 0.85 0.99

15. Gonystylaceae Gonystylus sp. 0.93 -

16. Gutitiferae Calophyllum sp. (1) 0.84 0.78

17. Lauraceae Litsea sp. (1) 0.86 0.99

18. "’ "’ (2) 0.88 0.94

19. . B )] 0.63 ©0.50

20. Meliaceae Aglaia sp. (1) 0.73 0.73

21. " Dysoxylum sp. 0.88 0.29

22. " Sandoricum sp. (1) 1.15 1.05

23, Moraceae Artocarpus sp. 0.93 0.71

24, " Ficus sp. (1) 0.97 1.19

25. " ") 0.85 0.91

26. Myristicaceae (1) e 0.87 0.86

27. Myrtaceae Eugenia sp. 1.04 0.83

28. Podocarpaceae Podocarpus sp. (1) 1.02 1.04

29. Sapindaceae Pometia sp. (1) 0.83 0.51

30. Sapotaceae Madhuca sp. 0.97 0.70

31. " Palaquivm sp. (1) 0.86 0.95

32, " ' @3] 0.67 0.58

33, Simarubaceae Aflanthus sp. (1) 0.95 1.08

34, " ' 2) 0.67 0.47

35, Sonneratiaceae Duabanga sp. (1) 0.91 1.21

36. " " (2) 0.86 1.17

37. "’ " (3) 0.69 1.45

38. Sterculiaceae Heritiera sp. (1) 0.72 0.68

39. ” " (2) 0.90 0.72

40. " Sterculia sp. (1) 0.54 0.38

41, " " 2) 0.78 0.72

Note; pyg:  Specific gravity at 20% radial position from pith,

Pgo:  Specific gravity at 80% radial position from pith.

Oppp: Bending strength at 20% radial position from pith.
Opgo: Bending strength at 80% radial position from pith.
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