Physical Properties of Sulawesi Woods
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Fig. 2. Classification on patterns of shrinkage curve
Drying temperature: 22°C

T: Tangential direction.
R: Radial direction
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Fig. 3. Shrinkage curve of Gonystylus sp.
tangential direction.
Drying temperature: 22°C
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Fig. 4. Influence of drying temperature on shrinkage curve
of Koordersiodendron sp.
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Fig. 5. Influence of drying temperature on shrinkage curve
of Calophyllum sp.
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(2) B Al

KM O EEEDTEIE LT, J1S—Z22103 ClREKE 1 Bicsd 5 L, LA
TOWFER GUEZINHEREIPID B LURIGHRAZRD 5 C L2 BE LT B, LIl 3 Hikitic
Ko THRM DUHHFEVEFE T & 545, & SIKEREGR I ¢ A0 LR Ic & 3006, b
HNADHE HIABIHTZ TN 5 7o DICE 7K ER 30 BiTH 1 DI ER & KO PHFHERICN A %, T
OAEIFHNAD# HIAS OFRE & BOHBIBFESED 5 b, BLED 48 HEIC L 5 T, BHRRRR
JT 6l DAL D REBE S K ORERREE O IT DT~ B,

(@) AP T AR AL o

F 1 HIGR S BT A RO LTI (O © O % 1 18 80 % D1l 139 B A i 20%
DAEDLL) 7p &R TN — 13U A H5 - & O 13, Canarium sp (2), Santiria sp (1), Lo-
phopetalum sp, Terminalia sp (2), Terminalia sp (3), Sapium sp (1), Litsea sp (1), Litsea
sp (2), Artocarpus sp. Ficus sp (1), Madhuca sp, Ailanthus sp (1), Duabanga sp (2) kU
Sterculia sp (2) © 14#FETHY, FIHCETOK & O DIE, Canarium sp (1), Calophyllum sp
(1), Sandoricum sp (1), Eugenia sp, Pometia sp (1), Palaquium sp (1), Duabanga sp (1)
J U Duabanga sp (3) O B §E T 5,

Kt OIS BT (R T - 72 Ol T - 70 0 ¢ BRI H 0, IEHRITH U TR E
FTLIONTHRT 5L EWBE WV, Z T THRARSEIEROLBE LG TOER N, Zol
BMIEZRD B &, BOICGESF R AR T2 6013 2046, 48.8 %, 12IF—ED bD 8 K,

19.5 %, ABRANCEALT 5 b0 T, 26.8 %, BLOIKIEF ST T 560 2 BHhl, 4.9%&
8%, WO WRHL NI & DI AH B &, Wl sy % H D 24 B ch THER M
WA RDBLLICE R R T2 bODO I BHR 13 54.2 8 TH Y, 2ETOPE LY
DEMLCEHWEDODZDHEHBR bFLTHS, £/, TNLOMMONTES Octomeles sp.
B&U Litsea sp () i34 CHEOBE AR E, Nalsior DA & IPGHR DR K & ORI E
BHONENL D TH 5B,

{3)  RCMRRE D

—HRIC, WERRREEDSE WIRMIIADE BIAL KT B DI ARSE BB Vb TN S, T
NE TOPIFIC L - THINID 7% b iA BRI IRIE 40 ~ 50°CHB ICHIFIL 135" C & MW S
I8 o fofcdd, RMTEER (22°C) & 60°C i) A IUHRGE ARG foo MITE L 7230EHE £ OB
DREMISIALTdH 5 L2 D OOH IR 50 ~ 80 %) %MW T b, WL CORMED
e ag /dy % K, F LIPS TRT,

PGHRGBIER D 4 4 750 iR o & 5 IT Gonystylus sp. & Duabanga sp. (2) LA 3 HIlAD 7%
BIALDIEEERT & 4 7L THBH, LEIHEE, SOCIHERIELT L SRR SE VA X
IERICIE B VR, dgo/dy fiild 15T ~0.76 12 EDD 1.0 LLEOBIE R h ik
HEMA B0 TH D, K 4IRT Koordersiodendron sp. (1) DL, HEkL v K25 v T
TEVHTEDONTO D XD ICHINEDIHE BAA SRR D LRI - THRL, Lrd,
AN IR IR BEAE R LT B, [R B B %784 8 K3 i<, Octomeles sp.,



Artocarpus sp., Myristicaseae (1), Eugenia sp, Madhuca sp. £ & Uf Palaquium sp. (2) O&
Th b, MDIEEAE ORI, K5I Calophyllum sp. DHEIHIEHIETRT &S IT, WIRE O
R RETS - THRERIFN S OFI DTS HIARIC X BIHHIEIMART 5 b DD ERB 20 B LUTT
BEREE I & O T IRIE—EOIUERGBER L, Hich bIRREORESMANPOLIISEE
5, &5, Santiria sp. (1) 3 XU Sandoricum sp. (1) 14810 T 13 i 10 #2 4R IR EE O LRI
15 > CHIRO % HiAB B3I LT 5,

22°C, 60°C D 2 %MD AHDREZITE » Feific 20 TR&D FHRS B R EFORETH
25, COBBOWEATIE, MEOELALERTHM TH-Th, &KHE20 BT TEHER
(22°C) F & RSB IAR L, BVIBREOEELIZEASRSTOMESZ VLA

o

Table 2. Relationship between shrinkage charactoristic values and bulk density.

variable of X bulk density (g/cm?)
variables of Y A B r
R 0.027 0.355 0.888 **
Ave. shrinkage (0g) T 0.179 0.256 0.679 **
A% 0.206 0.610 0.879 **
R 1.560 6.607 0.679 **
Oven dry shrinkage (@) T 6.815 2.829 0.244 *
v 8.375 9.436 0.509 **
R 0.802 2.328 0.443 %%
Air dry shrinkage (01 5) T 3.891 0.481 0.048
A% 4.693 2.808 0.208
R 0.765 -0.648 -0.193
30% m.c. shrinkage (0i3g) T 2.813 -2.579 ~0.251 *
v 3.578 -3.227 -0.262
g 2.324 —1.458 ~0.501 **
. N O 2.675 ~-1.717 ~0.560 **
Anisotropy in shrinkage s 3411 2298 0441 #
Q30 5.683 —4.,342 —{(),292 #*
Note 1) A, B : Constants of a linear regression equation.
Y = AxX+B
T : Correlation coefficient.

R, T,V : Shrinkage in radial and tangential direction, and volume respectivelly.
g : Significant on 1% level.
: Significant on 5% level.
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Average shrinkage in tangential direc¢tion (%/%)

N &R A & DAHBYBE FR
I AR L AT & BB A S B S Vb T B, SEEIER IS D W CARIEE &
1l E DR AR 6107 d s R R AW T, BUFEHR, HRAESLCHREKIEEZRZITRY,
P OBGAE EH D E, MIADE BIASDSNE LHEOEH R IC oW TIIEREEEE & BRI
BohTwd, Bh, IR, PRGBGSR, FRIES, 7R oNiic £ 0
IREEDETFF 5, FHBID BOBHR S AR A BT OMERR AT TORT LR T L8D, =
59 = ¥ —EMOBBIZED o 1Eb,

0.2 0.3 0.4 0.5 0.6 0.7 c.8 0.

Volumetric density (g/fcm3)

Fig. 7. Frequency of variouse properties.
A from other tropical area,
o : domestic soft wood,
o: from Sulawesi,
: domestic hard wood
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(6) IR O B & AthE M & o Heii

A5 %z V= EEM OSEEEER & & OB 0 U S AVCRREM A4 AEE,  AIRRE SR 24
R Rl L OVRBERT 4T D 22 & Rk & O Pl B K ORI 28 % X 3 1WRT,

WA R P 7 A 9 5 5 ki D DI SRS il ds e OV SRS IS ARHE (R 28 2 IR U 72 8 D OBIRIC L -
TADDT V5T %dT L0550, AHE TR A8~ 15 IKXS LE DN T o Hi#
BHIE 25RO T, (WEEM & DI DA Gl - 72, FERAER 8ICRY . REIREDONGHREA S &,
FER & DI B WO THEF B TR IINS W HI-E A L, BEHETEDE, Lidis
T, WHUHHR NS WHICE S O L, £ D0 MO AIREE #35 S HIE L To b, Rk
EDIHR, IR OV T ORISR RS Sh, TORRE L TEEKRRINEICED 5
T SUBEMICHA~NE N b DD N T EMEDEN D, WWEEM D & K 30 % % TOWEHHEHT

Table 3. Avererage values and standard deviations.

Average Shrinkage Shrinkage (%) Shrinkage (%) No, of
(%) at M.C. 0% at M.C. 15% species
T R T/R| V T R TR T R T/R

om Sulawesi 0.293 0.187 1.64 {11.88 7.58 430 1.84 3.81 171 2.36 41
rom awes \ B
WAWESE o 0.047 0.048 0.386] 245 1.54 1.21 0448 1.54 121 0.709| (Sample: 182)

from other X 10315 0.184 1,77 [13.50 9.09 4.53 2.08 457 1.86 2.63 44
tropical o|0.070 0.048 0.285| 3.23 2.25 145 0.342 1.70 0.86 0.660
domestic soft X 10.270 0.128 2.23 {10.59 7.36 327 2.32 345 1.39 2.56 24
wood 0| 0.051 0.031 0.489| 1.78 123 0.77 0.489 0.69 0.40 0.654
domestichard X | 0.300 0.169 1.85 [14.20 972 4.55 221 547 207 2.77 47
wood o | 0.048 0.036 0.405| 2.81 2.10 1.13 0.487 1.70 0.73 0.762
otal X {0298 0.172 1.83 [12.84 862 4.28 209 447 1.78 2.59 156

o | 0.056 0.046 0431} 3.00 2,12 1.29 0485 1.72 1.01 0.723

SIS, RA L COMEAM I ST O, RSO A S HilaoiE b
AGHORKORBE SR EF WA, BEES S RBE &b s, L Lo, Kicd
to kS, MEOE BAAZIEORIIE, MEMICEXTROWLDOEZOELI LD,

(6)  HEHEI R

Sandoricum sp. (1) BRI % §) 1 A5 R P8 5 ) BB OLIT 48 1 B JEHEIE RS D 28T 21 9
Kk e ZNENORGERIEFER A LT 5 &, BhUICEd <Kt » Tl b it R4 A1
Mh3d A5, #DZLMEH 0.3 % LIEWiIhE», COMICE T 5T O LR SN
BIE—TETH B, LIh-T, AMETEE 0.2 BFEOM%E A FLA A TR S OFIHLE 50 ~

80 % TOIER I DBk iR RS % £ ORFION KM E UTIRI L, DIBOBEIofEs U7,
BRIE D FFHCPETS o TSI DMK 5 b T 553, 20 — 80°C OGN
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Fig. 9. Influence of positions in radial direction on observed and standard shrinkage
curve of Sandoricum sp.
Drying temperature: 22°C
o: observed shrinkage curve
o : standard shrinkage

SEHLIVAREGR AT D &, IR & BEEH R oy, Liedio T, IRIRIE O
AN RAC b LRI (22°C) TOMEIUHRBALES Uiz, ¥ 1012 Koordersio-
dendron sp. (1) ZBNCHER J5 16O AEHELGHRGE & SHEIENC B 1 S IERGB O g &R g,

T, BROIT T IChEV, S F, SEMRIRE AN < 1L B - TR T 5 L obn T
VB, (LER A1 BRI % A B B O M AN S O LIS e o TR

T

B O R T DRSBTS O LB T 37 I o VTR
4 510 bBD & TR IO QIS » CHRT 5, F70, WREENE VL &, & - &4

- 69 o
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Fig. 10. Influence of drying temperature on shrinkage curve of Koordersiodendron
sp. (1)
PHEHRIC B SRS o v, EKHE 30 % £ TOIERIIBEA LD T KT %,
US>, B9, RI10KRE LIk DT, BLICIT 5 0 iR 58 W I8 & O R ok
HINADTE HIAADHRICL 5 LT E 5,

# 4 ISR ORARTT NT B 1 B BRHERIIIHTR B L CRHEEIRFER 2R, ThoDfilid,
FNENMHENHFERER ZER T L2 L SOUR EHEN 6RO T D, E72, BRI O
HEIR R AR O IR 0 R O ES/KROPEGMAMHEIE L AL, R1LIRLTH S,

PHERNGHR (avo) LBEREE (R) LD avo/REBMAIICL - THRISY, BREEOHAK
PRS- TRD 4 B O AR LIS 5 16~ 35 D & 185, &7, TOMEMHMRAM M & AT
Abdd, LrLuss, ROIMBEpERUck D, BEMESN L 2RI RED
ABIC L BHMAOETRAEE EN 5, HIKIEED & DIHHE T 27 LT b & & X S B IIEGHRE
ip S O 5 RHERIEER (Ave) BRI E & OB EM 11 IKRT, Avo/RAliiZ 20~40 &
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Fig. 11. Relationship between volume shrinkage in oven dry and bulk density.

KEING Y AR, BREEOEY Madhuca sp., Terminalia sp. (3) # £ U Santiria sp. (2)
T3 20.1, BREEE O Artocarpus sp., Sterculia sp. (1), Ailanthus sp. (2) & &£ U Ficus
sp. (2) TlH 40,0750, ThoDBFIMBOWHRLXMNTE S, O D34 HifE 33.8~23.1
OFEICH D, MG 26.1 L7105, O 3BIEICDONT, Avo/ R & BiERafL & OBFHEER
1213 d, WFICIEOHBBRERD ONEEDDN5 Y ERE L, Avo/RIEE 2D % i
fIFE E AT LR TELY,, i, WHINE SN Save/ RETHMIOE LIALOEENE T
NB 12, BRSO & S Ik 15 5,

(T B BIASIGRERLE

BATEOIHER S, AR & 78 BIABIT S 5 MIBOEIIC & » TS B IUHRB O
ELTMESNTO B, LizdiaT, S&MIO T TOMIBDTE AL DHIC L HIGHEE (75bHiA
HUUEFGB IR ARW B L EMTE S, X131 Palaquium sp. & HHTIZERRIE 22, 60°CiC
B HIUERER, BAENERR S K O HALIRGE & OBIRERT, BIRTHIIEDE BIABD
A U AR A% U 72 Gonystylus sp. ThHEFhiih o HAAIHNES oMb, L LA

.W71 .
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Fig. 14. Influence of temperature and direc-

Shrinkage Coefficient (%)
o

4 tion on shrinkage curve of Ficus sp.
(2).
2 Direction
o . tangential
------ : radial
0 > Drying temperature
e :22°C
o] 20 40 60 80 o L 60°C

Moisture Content (%)

Mo, CORERBIENEERE A 2 TORRMINIC O » TEHBRTEE L ccpiEUcbD &5
Z oMb, AHE T, Gonystylus sp. BHHEIC UCTHROKHE BIAA BRI 05 BLUTDbO
VHINE D BIAARFEA L T0rn & L 7.

HAOTE HIiA B OB MHEEICH DN 5 OB TH D700, HEETRNICH - THE$ %,
— AR T B O IR I R S I O35 BIAA DB/ E K, #HBiAL O S TE, A
TOVE LIAB DB RT 21 >NT, /KB 0BT OIER KT 260 & b 5.
72120, B14425d & 5 I Ficus sp. (2) ORLLMIATICOW T, REBH O BiAS I & 5
ﬁ@%ﬂ@%ﬁﬁmmﬂmﬂ, +ﬁﬁﬁm@mﬁ TRV 61T 3 ~ 8 HiaiE CcHRumic
BLHS B HRD Whﬂkﬂ@®%bé6 SRICEBHDTH S,

%ﬁﬁé&%&ﬁ@ 7 AR 151 mﬁoM@@m@ﬁ&ﬁ%@@@&&%@ﬁﬁcxo’,
BHEARCBEBREAERD LNV I AT ], HHBEEET S5 4 7 1 BL0 PR
HoniEHy A4 7O 3 DIKhH ﬁLﬁO&ICéMﬁ@%ﬁ{&JZCK%H@ﬂM,MM#@@
S 50 ~ 80 % DDk (FRFEALE &5 iaJ:OMIL\W.[@ IEhL, F iz, R 60°CIC
B BRENE TOHEBADNEAD 7 4 7500 B8 L OIHR %R,

WO O 7% B A B IGHE D G YERT & M DM & A k4 % &, AR & OB D ohd, $ik,
fhE5iE & OFHBY & 4D TR, SREIAE U THIAD % BiAS R B 5.4 293 Ro b
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Maximum Collapse Shrinkage at 60°C
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Ratio of Ray Width in tangential direction (%)
Fig. 16. Relationship between ratio of ray width and maximum collapse shrinkage at
60°C.
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Fig. 17. Relationship between remains of collapse shrinkage and maximum collapse
shrinkage at varjouse temperature.
Drying temperature
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2.1.5 Summary
Shrinkage Properties

In this paper, shrinkage properties of some Sulawesian woods were investigated. The shrinkage
behavior consisted the shrinkage in cell wall thickness below the fiber saturation point and the
cell deformation, socalled “Cell Collapse”, cuased by liquid tension above the fiber saturation
point. Cell collapse was generally understood as “abnormal shrinkage of wood”. However, in
this study and other works, cell collapse was not so abnormal phenomenon in the shrinkage of
wood. To make clear this fact, shrinkage proceedures of woods from Sulawesi were measured
in detail, specially in moisture content range of 20 — 40 %. Because, in this range, cells were
collapsed by liquid tension and then tended to recover to its original forms. This phenomenon
was observed in ray cells typically. Furthermore, cell collapse was depended on the drying
temperature, Therefore, measurement of shrinkage was carried out under two drying conditions
of room temperature (22°C) and about 70 %RH, and of 60°C in dry bulb temperature and
depression of wet bulb temperature of 2°C.

As mention above, shrinkage phenomenon was observed as sum of shrinkage in cell wall
thickness and cell deformation, Therefore, in order to estimate the cell collapse only, basic
shrinkage proceedures were measured in following manners. At first, a wood specimen in green
condition was freezed in liquid nitrogen and then dried under vacuum. Furthermore, after
reaching near oven dry condition, it was moistened and swelled in a seasoning chamber step by
step. Then dimensions of specimen measured in radial and tangential direction were converted
to shrinkage coefficients. These values were meaning the shrinkage of specimen caused by the
shrinkage in cell wall thickness only, not by cell deformation. Therefore, the amout of shrinkage
caused by cell deformation (collapse) could be estimated by the subtraction of normal and basic
shrinkage.

Results obtained were as follows;

(1) All of shrinkage curves was classified into four groups by degree of cell collapse in drying.
The degree of cell collapse was estimated by a shape of shrinkage curve and a shrinkage coeffi-
cient at 30 %MC from green condition. The class I was meaning the cell collapse free species, and
the class II was cell collapse species. Furthermore, the class II was classified into three groups, i.e.
species in class II-1 showed a slight cell collapse, in class 1I-2, a typical cell collapse was observed
and in class 11-3, a recovery of cell deformation by collapse was not recognized (see table 1).

(2) Comparing to Japanese, North American and other tropical species, shrinkage coefficient of
species from Sulawesi had lower values in tangential and almost same in radial. And a average of
the balk density was slightly higher than Japanese species and a average of the shrinkage coeffi-
cient was almost same to Japanese species.

(3) Generally it was said that the shrinkage in near parts to pith showed higher value than in
sap wood. However, about half of species measured was not showed above tendency. And also,
it was not recognized a higher corelationship between existence of brittle heart in pith parts
and a high value in the shrinkage coefficient.

(4) The cell collapse phenomenon was observed in almost species at drying temperature of 60°C.
Only Gonystylus sp. and Duabanga sp. (2) were not observed cell collapse in both parts of sap
and heart wood (class I). Cell deformations caused by the collapse were found in ray tissue
typically and it was observed as increment of shrinkage coefficient at 30 %MC . Therefore, it
was found that the shrinkage coefficient at 30 %MC was a good indicator for the degree of cell
collapse (see Fig. 10 and Table 4).





