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ABSTRACT

In this study, the mechanical properties and dimensional stability of thinning teak plantations
which were 15 and 25 years old were examined. Teak trees were selected from the Forest Industry
Organization located in Kanchaburi, Thailand. The specific gravity, moisture content, density,
swelling and shrinkage of radial, tangential, and volumetric were measured. The mechanical
properties were tested to determine the static bending, compression parallel and perpendicular to
the grain, shear strength parallel to grain and hardness according to the ISO standard. Specimens
were tested at three different positions, i.e., bottom, middle, and top of each position 120 cm in
length and nested designs were used for the analysis of variance. The results were compared to
the strength of sampled wood from various positions.

The results indicate that mechanical properties of 15 years old thinned teak were higher
than 25 years old. Most properties were not statistically significant apart from the compression
perpendicular to the grain and tangential section hardness. The strength of each position was
statistically significant. The average strength of thinned 15 years old teak was ordered as being
from the bottom, middle to the top of the stem. The densities were 655.86, 627.25, and 622.25
kg/m? while the specific gravities were 0.59, 0.56. and 0.55, respectively. Mechanical properties
such as modulus of rupture were 149.98, 139.33 and 132.87 MPa, modulus of elasticities were
12775.85,12618.70 and 11857.68 MPa, compression parallel to the grain were 63.92, 62.95 and
61.17 MPa, compression perpendicular to the grain were 33.97, 26.46 and 26.40 MPa and the
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shears strength were 12.79, 11.36 and 9.84 MPa. Meanwhile the longitudinal hardness were 6.50,
6.14 and 6.05 kN, tangential hardness were 6.76, 6.34, and 5.90 kN, while the radial hardness
were 5.35, 5.49 and 5.11 kN, respectively. The average strength of the 25 years old thinned teak
was ordered as being from the bottom, middle to the top of the stem. The densities were 617.88,
584.48 and 570.14 kg/m?, specific gravities of the oven dry weight were 0.54, 0.52 and 0.53, the
mechanical properties such as modulus of rupture were 133.68, 131.21 and 125.36 MPa, modulus
of elasticities were 13180.90, 13089.71 and 13825.30 MPa, compression parallel to the grain
were 61.63, 59.96 and 58.97 MPa, compression perpendicular to the grain were 24.32, 21.96 and
21.22 MPa and shear strengths were 11.43, 10.67, and 10.25 MPa. Meanwhile the longitudinal
hardness were 5.63, 4.73 and 4.46 kN, tangential hardness were 6.18, 4.87 and 4.08 kN, while
the radial hardness were 5.21, 4.01 and 3.48 kN, respectively. The strengths of wood decreased
with increasing positions and were statistically significant except for the compression parallel to
grain.

The dimensional stability of 15 years old thinned teak was ordered as being from the
bottom, middle, to the top of the stem. It was found that the radial swellings were 2.91%, 2.94%
and 3.10%, tangential swellings were 4.41%, 4.80% and 6.10%, while the volumetric swellings
were 7.46%, 8.05% and 9.20%. The radial shrinkages were 2.83%, 2.85% and 3.00%, tangential
shrinkages were 4.22%, 4.57% and 5.72%, while the volumetric shrinkages were 6.93%, 7.44%
and 8.42%, respectively. The dimensional stability of the 25 years old thinned teak was ordered as
being from the bottom, middle to the top of the stem. The radial swelling s were 3.01%, 3.14%
and 3.25%, tangential swellings were 4.84%, 5.52% and 5.79%, while the volumetric swellings
were 8.00%, 8.83%, and 9.24%. The radial shrinkages were 2.92%, 3.04%, and 3.15%, tangential
shrinkages were 4.62%, 5.22% and 5.47%, while the volumetric shrinkages were 7.40%, 8.10%
and 8.44% respectively. Moreover, the dimensional stabilities of the 15 and 25 years old thinned
teak were not significantly different and decreased with the stem height.
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Table 1 Dimensions of tested samples and standard followed for the tests.

Sample dimension (mm)

Test type Standard reference
width x thickness % length
Moisture content 20 x 20 x 25 ISO 3130
Density 20 x 20 x 25 ISO 3131
Specific gravity 20 x 20 x 25 ISO 3131
Modulus of rupture (MOR) 20 x 20 x 300 ISO 13061-3
Modulus of elasticity (MOE) 20 x 20 x 300 ISO 13061-4
Compression stress parallel to grain 20 x 20 x 60 ISO 13061-17
Compression stress perpendicular to grain 20 x 20 x 60 ISO 3132
Shearing stress parallel to grain 20 x 20 x 20 ISO 3347
Hardness 50 x 50 x 50 ISO 13061-12
Radial and tangential shrinkage 20 x 20 x 30 ISO 13061-13
Volumetric shrinkage 20 x 20 x 30 ISO 13061-14
Radial and tangential swelling 20 x 20 x 30 ISO 13061-15
Volumetric swelling 20 x 20 x 30 ISO 13061-16
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Table 2 The average density and specific gravity of individual 15 and 25 year old thinned teak

according to their height level.

Age (Years) Height level Diameter Density (kg/m*)  Specific gravity .
(cm) Avg. + SD Avg. + SD
Bottom 16.28 655.86 £25.40 0.59+0.02 20
15 Middle 15.63 627.25 £ 15.89 0.56 £0.01 20
Top 14.15 622.25 +20.21 0.55+0.02 20
Bottom 17.93 617.88 +18.34 0.54+£0.01 20
25 Middle 16.56 584.48 +13.97 0.52+0.01 20
Top 15.28 570.14 £ 19.30 0.53+0.02 20
F-Value between age 44.84" 51.69"
F-Value between position 13.88"" 9.52""

Remarks: Sampled at heights above 10 cm (bottom), 130 cm (middle) and 250 cm (top)

Avg. = Average, SD = standard deviation, n = sample size

* significant difference (p<0.05), ** highly significant difference (p<0.01)
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Table 3 The average modulus of rupture and modulus of elasticity of 15 and 25 years old

thinned teak according to their height level.

Bending (MPa)
Age (Years) f{:‘vge'l‘t Bfg';ffg MOR MOE n
Avg. £ SD Avg. £ SD

Bottom 662.57 149.98 + 7.80 12775.85 +£ 1063.88 20
15 Middle 654.56 139.33 £8.19 12618.70 £ 1192.42 20
Top 631.65 132.87 +15.50 11857.68 +1663.18 20
Bottom 625.25 133.68 +5.80 13180.90 + 1358.38 20
25 Middle 587.29 131.21 £9.48 13089.71 +£3138.95 20
Top 583.29 125.36 £ 12.11 13825.30 £ 1134.34 20

F-Value between age 13.69m 10.51m

F-Value between position 5.43" 3.30™

Remarks: Sampled at heights above 10 cm (bottom), 130 cm (middle) and 250 cm (top)

Avg. = Average, SD = Standard deviation, n = sample size

" non significant difference (p>0.05), ™ highly significant difference (p<0.01)
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Table 4 The average compression strength of 15 and 25 years old thinned teak according to

their height level.

Compression (MPa)

Age Height level Value X . X n
(Years) Parallel to grain  Perpendicular to grain
Bottom Avg. = SD 63.92 +3.60 33.97 £6.33 20
Density 682.76 689.36
Middle Avg. = SD 62.95+5.46 2646 +2.27 20
15 Density 626.20 637.655
Top Avg. + SD 61.17 £3.60 26.40+4.91 20
Density 624.825 628.075
Bottom Avg. = SD 61.63 +4.76 24.32 +4.31 20
Density 609.02 621.87
25 Middle Avg. + SD 59.96 +4.52 21.96 +2.39 20
Density 582.93 585.73
Top Avg. + SD 58.97 £ 6.67 2122282 20
Density 579.33 583.10
F-Value between age 7.41ms 27.17"
F-Value between position 0.81m 8.92™
Remarks: Sampled at heights above 10 cm (bottom), 130 cm (middle) and 250 cm (top)

The unit of density is kg/m3

Avg. = Average, SD = Standard deviation, n = sample size

" non-significant difference (p>0.05), * significant difference (p<0.05), ** highly significant difference

(p<0.01)
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Table 5 The average shear strength of 15 and 25 years old thinned teak according to their

height level.
Shear strength (MPa)

Age (Years) Height level Density (kg/m?) Avg. < SD n
Bottom 642.09 12.79 £ 1.49 20
15 Middle 625.01 11.36 £ 1.06 20
Top 617.99 9.84+1.16 20
Bottom 598.75 11.43 +£0.64 20
25 Middle 571.14 10.67 = 0.85 20
Top 545.10 10.25+1.13 20

F-Value between age 4.49ns

F-Value between position 16.89™

Remarks: Sampled at heights above 10 cm (bottom), 130 cm (middle) and 250 cm (top)

The unit of density is kg/m3

Avg. = Average, SD = Standard deviation, n = sample size

" non-significant difference (p>0.05), ** highly significant difference (p<0.01)

6. AMANULTI
1 1< Y o
6.1 AMANVUUIAIUNTIAA 91ANT
1 Yo o 2 A <
naaoanuN Iddndavensszezong 157 Hanuuds
Y Y o A Y o 9 ' Vo
MUNINAANABN TAUAY AU Az aINUY 1IN
6.50, 6.14 1A% 6.05 D 1atIAY ANBIAD Fa3AY
uanannueds luthisdrgnieada Weiounu
Yo AR A = 1A
Iifdnery 257 adinundeogh 5.63, 4.73 uaz 4.46
Alatay auaay
62 AANUUIIAIUTURT 910015
' Yo o A
naasanu lifdndaversszozeryg 15 I Hianw
< v W = Y o ¥ U
UM UTUATIRDIN TAUAY 81AY uazaIUDY

I 6.76, 6.34 1AZ 5.90 N 1aHIAY AR F93)

ANuuANANNUeENItsd Wy ana tofeuny
Yo AR A A 1A
Iffdnery 257 adinundeogh 6.18, 4.87 1az 4.08
Alatau mudiau
6.3 Manuuiaduiad 1InmMInaasd
1 Yo o S 3 9
nwun Lidndavetsoszezerg 15 3 lanuudeaiu
o oA A Y o ¥ ' o
SatmasIn TAuAY SIAU Lazd UL NN 5.53,
5.49 1182 5.11 0 1l AU MUY F9TANULANATY
Aueg1s lulieddyneada eofouny lidn
AR A d' 1A as a o
019257 Aalinundeagn 5.12,4.01 g 3.48 A latiAy
ERITSRLEHT]
d’ = aa 1
910 Table 6 1oIfFouoUN AR WU

AMAMUUTINA U IAAUTANULANA 1IN



NIAIIUAANS 38 (2) : 166-181 (2562) 175

pgNUTsdIAYBINanANTzaY 0.05 1ag Josue
. . Y o =< J I~

and Imiyabir (2011) T@hmsfAnpiminnundans

vos li¥dnery 15 I Tudszmauuaie woa fia

anundauduianazsuiaiiogh 4.11 uag 3.99

as a o - T T = o
nlatidu awdey FuierhunSeuiennums
naaoad lawudiawiesni lddnery 157 aldlu

Y Y
MINAADIATIH

Table 6 The average hardness of individual height 15 and 25 years old thinned teak according

to their height level.

Hardness (kN)
Age Height level Density (kg/ Longitudinal Radial Tangential n
(Years) m?)
Avg. £SD Avg. £ SD Avg. £ SD
Bottom 652.43 6.50+0.55 5.35+0.60 6.76 £0.54 20
15 Middle 614.03 6.14 £0.55 5.49+0.51 6.34 +0.81 20
Top 610.16 6.05 +0.39 5.11+0.49 5.90+0.77 20
Bottom 624.05 5.63+1.05 5.21 +£0.74 6.18 £0.51 20
25 Middle 575.02 4.73+1.29 4.01 +£0.73 487+0.77 20
Top 567.18 4.46 +1.09 3.48 +£0.58 4.08 £0.56 20
F-Value between age 0.53" 7.95" 36.92"
F-Value between position 7.19" 19.38™ 16.48™

Remarks: Sampled at heights above 10 cm (bottom), 130 cm (middle) and 250 cm (top)

Avg. = Average, SD = Standard deviation, kN = kilonewtons , n = sample size

" pon-significant difference (p>0.05), * significant difference (p<0.05), ** highly significant difference

(p<0.01)
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Table 7 The average dimensional stability of 15 and 25 years old thinned teak according to

their height level.
Age  Height Value Swelling' (%) Shrinkage? (%) .
(Years)  level Redial Tangential Volumetric Redial Tangential Volumetric
15 Bottom Avg. 291 4.41 7.46 2.83 4.22 6.93 12
SD 0.57 0.79 1.29 0.54 0.73 1.13
Middle Avg. 2.94 4.80 8.05 2.85 4.57 7.44 12
SD 1.04 0.71 1.14 0.98 0.65 0.98
Top Avg. 3.10 6.10 9.20 3.00 5.72 8.42 12
SD 0.52 1.82 0.9 0.49 1.61 0.75
25 Bottom  Avg. 3.01 4.84 8.00 2.92 4.62 7.40 12
SD 0.55 0.50 0.69 0.51 0.45 0.59
Middle Avg. 3.14 5.52 8.83 3.04 5.22 8.10 12
SD 0.73 0.86 1.40 0.68 0.77 1.25
Top Avg. 3.25 5.79 9.24 3.15 5.47 8.44 12
SD 0.55 0.93 1.49 0.51 0.84 1.18
F-Value between age 0.44ns 0.15m 0.58m 0.93ms 0.72ms 0.57ms
F-Value between position  5.11" 8.68" 422" 5.04™ 8.49™ 417"

Remarks: ! Swelling of wood from moisture content of 12 % to fiber saturation point (25-30%)
2 Shrinkage of wood from moisture content of 12% to oven dry weight
Sampled at heights above 10 cm (bottom), 130 cm (middle) and 250 cm (top)
Avg. = Average, SD = Standard deviation, n = sample size

"s non-significant difference (p>0.05), * significant difference (p<0.05), ** highly significant difference

(p<0.01)
11
! - L
8 T N T -
S 7 ‘ -
0 6 - T T
£ [] Bottom
a 4 B Middle
3 4 B
2 B [0 Top
1~ B
o - :
Radial Tangential Volumetriﬁ‘ Radial Tangential Volumetril
15 yearsold ‘ 25yearsold ‘

Figure 1 Relationship between sections and average swelling of 15 and 25 years old thinned
teak.
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Figure 2 Relationship between sections and average shrinkage of 15 and 25 years old thinned

teak.
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