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Table— 1. Mean micellar angle and relative crystallinity index

. @0 ou Cn
position
degree degree (%)
sap wood 12.6(32.4) 19.0(51.0) 5.9(21.0)
Makore
he&rt wood 12.4(40.1) 19.3(55.9) 3.4(19.6)
sap wood 6.9(29.9) 11.8(52. 8) 5.2(27.5)
Sapele
heart wood 7.5(32.7) 12.3(53.5) 4.1(24.9)
sap wood 7.1(22.6) 13.1(48.7) 7.0(27.6)
Ovangkol
heart wood 7.5(25.7) 12.9(51.4) 9.0(22.1)

@» . mean micellar angle in tangential plane
‘9w . mean micellar angle in whole
Cs: - relative crystallinity index

The values in parentheses are obtained by the way of the former reports!: 2),
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Table— 2. Results of investigation of several physical and mechanical properties in air dry.

Ovangkol
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Heartwood(included pith-part)

Heartwood(excluded pith-part)

and Sapwood
Specific gravity Mean 0. 690 0.714
in air dry re Range | 0.585~0.731 0.692~0. 731
Moisture Mean 13.8 14.1
content M. C. (%) Range | 13.0~14.5 13.7~14.5
) Mean 0.169 y=0. 228x+0. 01 0.170 y=—0.173x+0. 204
Shrinkage ar (%/%) Range | 0.190~0.130 r=0.623** | 0.180~0.150 r=-0.190
per unit. moisture M 0.278 0.480x—0. 05 0.288 0.300x+0.503
o ean . y=0. 480x—0. . y=—0.300x+0.
content o (%1/%) Range | 0.320~0.200 |  r=0.776** |0.320~0.260 | r=—0.196
Ec (1) Mean 12.9  |y=16.9x+1.2 13.1 y=—8.79x+19.5
Compression (X10'%kg/cm’) Range | 17.8~ 7.5 r=0. 356 15.1~10.4 r=-0.110
parallel o (1) Mean 521 |y=887x—91 543 |y=57.6x+501
to (kg/cm®) Range | 589~383 r=0. 779%* 576~525 r=0.067
grain o (1) Mean 397 y=444x+90 407 y=—1870x+1760
(kg/cm?) Range | 551~261 r=0. 348 444~302 r=—0,961**
Ec (1) Mean 5.46  |y=2.11x+4.01 542  |y=3.41x+2.97
T (X10°kg/cm*)| Range | 6.28~4.64 r=0.229 5.87~4.64 r=0.159
. ang.
Compression os (L) Mean 74.5 y=127x+13 76.9 y=230x+88
perpendicular (kg/cm®) Range | 89.8~54.5 r=0, 594** 88.2~65.7 r=(, 528
to Ec (L) Mean 7.38  ly=4.91x+4.02 7.68  |y=—17.5x+20.1
grain Rad (X10’kg/cm®)| Range | 8.21~6.20 r=0. 368 8.21~6.85 r=—0.636*
ad.
o (L) Mean 99.6  |y=151x—3.4 106 y=359x+148
(kg/cm?) Range | 126~85 r=0. 623** 126~93 r=0. 562
E, Mean 1.6 |y=13.0x+2.6 1.8 |y =20.8—3.1
(X10'%kg/cm®) Range | 13.4~9.75 r=(, 630** 12.8~10.7 r=0,337
Static bending -
o Mean 1060  |y=2190x—456 1110 |y=2460x—652
(ke/cm®) Range | 1210~756 r=(, 746** 1200~ 991 r=0. 343
Impact bending | C. Mean 0.824  |y=3.26x—1.43 0.892  |y=3.54x—1.63
P € | (kg * m/en?) Range | 1.35~0.33 r=0, 448* 1.23~0.45 r=0.295
7t (kg/en?) Mean 187 y=306x—21 191 y=—93. 7x+ 257
¢ (kg/em Range | 215~155 r=0.820** 202~182 r=—0.177
Shearing strength
(kg/fen®) Mean 193 y=302x—15 197 y=—333x+432
7r (kg/em Range | 237~152 r=0,571%* 237~171 r=—0.149
He (kg/f) Mean 567  |ly=14.2x—3.9 6.11 y=—1.82x+7.42
o (kg/mm Range | 6.72~3.96 r=0,810** 6.72~5.21 r=—0.047
Brinell He (kg/mn) Mean 2.42 y=17.22x—2.49 2.73 y=10.9x—5.1
hardness ¢ (ke/mm Range | 3.00~1.63 r=0. 844** 3.00~2.35 r=0.556
Ho (kg/om) Mean 1.93  |y=5.34x—1.70 2.07  |y=843x—3.95
r (ke/mn Range | 2.25~1.31 r=0.906** | 2.25~1.89 | r=0.700*
C: (kg/en) Mean 18.9 y=—12.1x+2.76 18.5 y=59. 7x—25.6
Cleavage ¢ (ke/cm Range | 26.1~ 9.6 r=—0.147 26.1~12.9 r =0.203
strength Mean 26.9  |y=25.8x+8.4 27,8 ly=—115x+112
Cr (kg/cm) - _ - -
Range | 35.0~18.0 r=0. 243 35.0~18.0 r=—0.289
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Sapele
Heart included pith-part
eartwood(included pith-part) Heartwood(excluded pith-part)
and Sapwood
Specific gravity Mean 0.702 0.719
in air dry 7e Range | 0.632~0. 744 0.699~0. 742
Moisture M. C. (%) Mean 14.5 14.5
content T Range | 14.0~15.3 14.0~15.2
. (%/%) Mean 0.218 y=0.031x+0. 196 0.219 y=0.825x—0. 374
Shrinkage ar Range | 0.240~0.190|  r =0.063 0.240~0.200| ' =0.704%*
per unit moistur
content o (%/%) Mean 0.275  |y=—0100x40.345|  0.275  |y=0.607x—0. 161
! Range | 0.300~0.240| r=—0.179 |0.200~0.240| r=0.442
Ec (/) Mean 16.9 y=56.1x—23.0 18.4 y=—9.1x+25.0
Compression (X10'%g/cm’) | Range | 20.6~13.2 r=(, 534* 20.6~15.6 r=—(. 062
parallel o (1) Mean 608 y=1840x—687 649 y=T19x+129
to (kg/cm?) Range | 702~457 r=(, 624** 702~594 r=0. 255
grain as () Mean 494 y=2790x—1480 569 y=722x+46.3
(kg/cm®) Range | 611~328 r=(), 655** 611~503 r=0.231
E: (L) Mean 4.66 y=4.3x+1.6 4.74 y=—4.7x+8.1
T (X10°%kg/cm®)| Range | 5.50~4.03 r=0. 311 5.50~4. 27 r=-—0.153
ang.
Compression ap (L) Mean 46.9 y=19.9x+32.6 47.7 y=167x—73.2
prependicular (kg/cm®) Range | 59.4~37.5 r=0. 086 54.3~37.5 r=0.391
to Ec (1) Mean 6.57 y=7.11x+1.52 6.74 y=—5.87x+11.0
grain Rad (X10%g/cm*)| Range | 7.33~5.26 r=0.311 7.19~5.26 r=-0.107
ad.
oo (L) Mean 74.8 y=86.1x+13.7 80.3 . |y=—598x+512
(kg/cm®) Range | 94.1~57.1 r=0.245 94.1~62.2 r=—0.657*
Es Mean 13.5 y=8.2x+7.7 14.2 y=6.0x+9.9
(X10'kg/em®) | Range | 15.3~10.4 r=0.123 15.3~13.1 r=0.114
Static bending ] Mean 1300 |y=3280x—1050 1400 |y=1330x+2360
% (kg/en’) Range | 1480~ 974 r=0.417* 1480~1230 r=0.245
) U Mean 0.82 y=3.98x—1.99 0.84 y=1.40x—0.16
Impact bending | (1. 1 /cm?) Range | 1.13~0.11 r=0. 487+ 1.13~0.63 r=0.196
(kg/en’) Mean 166 y=200x+25. 4 170 y=490x—181
o ke Range | 181~136 r=0. 441 181~136 r=0.449
Shearing strength o (kg/en) Mean 160 |y=325x—69 167 |y=523x—209
r cm
Range | 188~137 r =0, 580%* 188~138 r =0.506
He (kg/m) Mean 6.05 y=4.40x+2.93 6.10 y=19.7x—8.04
¢ Mean | 7.11~5.27 r=0.133 7.11~5.27 r=0.319
Brinell H, (kg/mn’) Mean 2.33 y=9.73x—4.59 2.41 y=9.64x—4.53
hardness i Range | 2.67~1.95 r=0.869%* | 2.67~2.25 r=(,704*
H, (kg/hu) Mean 1.91 y=2.61x+0.05 1.99 y=9. 64x—4.53
’ Range | 2.10~1.65 r=(, 388 2.19~1.84 r=0.171
C. (kg/en) Mean 28.8 y=—19.6x+43.2 29.0 y=—142x+135
Cleavage ' Range | 37.9~20.9 r=—0.182 | 37.9~20.9 r=—0.389
strength C. (ke/em) Mean 29.4 y=74.5x—25.1 32.7 y=12.7x+23.2
’ Range | 37.4~16.3 r=0.439* 37.4~26.1 r=0.055
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Makore
Heartwood(included pith-part
eartwood(included pith-part) Heartwood(excluded pith-part)
and Sapwood
Specific gravity Mean 0.599 0.627
in air dry re Range | 0.500~0. 648 0.594~0. 648
Moisture M. C. (%) Mean 13.3 13.1
content Range | 12.6~14.5 12.6~13.4
. (%/%) Mean 0.177 y=0. 224x+0. 043 0.183 y=0.251x+0. 025
Shrinkage ar ARI% Range | 0.200~0.150 |  r=0.819** |0.200~0.170| r=0.472
per unit moistur — — .
content a (%/)%) Mean 0.214 y=0.131x+0. 135 0.219 y=0.054x+0. 18
Range | 0.230~0.190 r =(,523* 0.230~0. 200 r=(. 085
Ec (1) Mean 2.39 y=1.49x+1.46 2.43 y=1.75x+1.29
Compression (X10*kg/cm®) Range | 2.61~1.97 r =(, 382 2.61~2.09 r=(.141
parallel oe () Mean LAl y=831x—43 500 y=2370x—1050
to (kg/cm®) Range 540~398 r=(). 785%* 540~448 r =0, 795%*
grain o), Mean 327 |y=583x—34 338 |y=1490x—633
ke/en’) Range | 413~259 r =, 638** 388 ~286 r =0, 673*
Ec (1) Mean 4.91 y=12.1x—2.37 5.37 y=16.5x—5.24
( XlO’kg/cm’) Range | 6.06~3.62 r=(), 856** 6.06~4.62 r =0, 645*
ang.
Compression oo (L) Mean 71.9 y=271x—91 82.1 y=374x—157
perpendicular (kg/cn®) | Range | 92.5~44.9 | r=0.954** | 92.5~70.2 |  r=0.908**
to Ec (1) Mean 6.65 y=15.6x—2.87 7.45 y=—0.427x+7.73
grain Rad (X10’kg/cm®)| Range | 8.04~5.07 r =(. 836** 8.04~7.04 r=—0.023
a
oo (L) Mean 108 y=315x—83 123 y=—178x+239
(kg/cm®) Range 172~60. 3 r =(, 603** 137~95.5 r =—0.224
E, Mean 8.47 y=1.18x+7.78 8.53 y=1.65x+7.53
( XlO‘kg/cmg) Range | 9.79~6.00 r =0,093 9.79~6.82 r =0, 047
Static bending
os Mean 836 y=10. 1x+830 810 y=744x+353
(kg/cm®) Range | 1040~ 498 r =0, 005 1010~ 498 r=0.110
1 ¢ bendi U Mean 0.274 y=0.596 x—0.059 0.299 y=0.579x—0. 055
mpac 1
pact DN | (kg/m/em?) | Range | 0.397~0.142| r=0.634** |0.397~0.248| r=0.398
o0 (kg/en’) Mean 146 y=290x—20 162 y=—47.0x+191
! Range | 171~102 r =0, 825%* 171~151 r=—0.191
Shearing strength
(kg/en®) Mean 155 y=299x~17 169 y=112x+100
b Range 179~111 r =(), 874** 179~156 r =(), 472
M 4.53 =5.91x+1.05 4.66 =4,58x+1.79
He (kg/mn’) ean T T,
Range | 5.50~3.42 r=().483 5.50 ~3.46 r=0.113
Brinell 2 Mean 2.00 y=6.73x—1.96 2.22 y=11.4x—4.92
H. (kg/mm ) _ o . _
hardness Range | 2.55~1.37 r =(), 850 2.55~1.58 r=0.572
Mean 1.50 y=4.59x—1. 20 1.66 y=2.51x+0.08
2
Hr (kg/mn’) Range | 1.84~1.06 |  r =0.903* 1.84~1.46 r=0.299
Mean 22.9 y=27.4x+6.4 24.2 y=23.0x+9.1
C: (kg/cm) ' =
Cleavage Range | 33.4~12.4 r=(. 387 33.4~17.6 r=0.191
strength Mean 24.7 y=33.3x1+4.6 27.2 y=12.4x+19.2
Cr (kg/cm) —
Range | 38.4~16.6 r=0. 319 38.4~16.6 r=0.057
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Notes. @, :radial shrinkage, a: :tangential shrinkage
Ec ! young's modulus in compression, oc :ultimate strength in compression
op . stress at proportional limit
E, : young’s modulus in static bending, o, : modulus of rupture in static bending
U ! absorbed energy in impact bending
¢ . shearing strength (tangential surface), z. :shearing strength (radial surface)
He ! cross section hardness, H. @6 radial section hardness, H. . tangential section hardness
C: :cleavage strength (tangential surface), C. :cleavage strength (radial surface)
*+ ! significant at 99%, #:@significant at 95%
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Fig. 6 Relation between youngs modu-

lus in compression parallel to
grain (Ec(/)) and specific
gravity in air dry.

Symbols © refer to Fig. 4
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Fig. 7 Relation between stress at

proportional limit in compre-
ssion parallel to grain(op( /))
and specific gravity in air dry.
Symbols : refer to Fig. 4
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Symbols : refer to Fig. 4
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Fig. 9 Relation between young$§

modulus in compression per-
pendicular to grain (Ec(L))
and specific gravity in air
dry.

Symbols : refer to Fig. 4
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. Fig. 10 Relation between stress at
proportional limit in com-
pression perpendicular to
grain (0»(L)) and specific
gravity in air dry.

Symbols . refer to Fig. 4
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Fig.” 11 Relation between young$§ modulus
in static bending (E,) and spec-
ific gravity in air dry.

Symbols : refer to Fig. 4

263



264

L5 F Ovangkol
1,200 Ovangkol an 00
E v
o % v
4 1.0k
o9 o 9o
o 8 v o
;g 1,000 ° o ? o vy
~ o o o
2 ° 2 o5} :
(5 4 b °o
800 [ 4
o
1 1 1 0 1 1 1
0.6 0.7 0.8 0. 60 0.70 0.80
Specific gravity in air dry Specific gravity in air dry
16.0 k Sapele
o ; o go Sapele
14.0F v . o o @
sva 1.0 ° i
y v —_ Fv O
\E 120k . ° nE b N7 s o
—3 a a B 8
s © 0.5}
a ° ° »
10.0 - a I
a
L I 1 oL 1 1 1
0.65 0.70 0.75 0. 65 0.70 0.75
Specific gravity in air dry
Specific gravity in air dry
Makore
- a o
10.0 § -
4a [ Makore
° vvu a 0.4 v
“ ° . .
\_2’ 8.0 ° ° v N503— AOE ,_: v 7
~ E %a a ° v
N ° v v . o °
] a » 0.2 o
~ °
6o ° v SR
| v 1 0 1 1 !
0.5 0.6 0.7 0.5 0.60 0.70
Specific gravity in air dry Specific gravity in air dry
XM—12 pHIFBEREE (0,) &XFLLE K—13 ERiFRRALE— (U)
LD EBIRK—4EHEL. LR HE & D%

Ea%‘i_ 4 t lﬁl Do

Fig. 12 Relation between modulus of

rupture in static bending (a,) Fig. 13 Relation between absorbed ener-
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Symbols . refer to Fig. 4 specific gravity in air dry.

Symbols : refer to Fig. 4
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Symbols . refer to Fig. 4
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Symbols : refer to Fig. 4
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Summary

The fundamental properties of three African woods, Ovangkol (Guibourtia sp.), Sapele
(Entandrophragma sp.) and Makore (Tieghemella sp.) were investigated. Measurements have
done with the specimens successively obtained from the pith to the sapwood. Methods of in-
vestigation were similar to those shown in previous reports, and the items were as follows

1) Anatomical structure

2) Physical properties

(1) The mean micellar angle and crystallinity index
(2) The variation of specific gravity in radial direction
(3) Shrinkage
3) Mechanical properties
(1) Compression (2) Bending (3) Impact bending (4) Cleavage strength (5) Shearing
strength (6) Hardness

The results showed that neither shrinkage nor mechanical properties represent appreciable
correlation with specific gravity in air dry in contrast to the good correlation observed in the
South East Asian woods in previous reports. This disagreement is likely caused by interlocked
grain of three African woods in this report.



