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Abstract 

In this research, physical and mechanical properties of plantation teak at different ages 

in Bago Region were investigated. Different ages 25, 30 and 34 years old plantation teak 

were collected from Taung Zarmari Reserve and 20 years old plantation teak was collected 

from Letpan Aung Mya Reserve in Bago Township, Bago District, Bago Region.Only one 

sample tree was collected for each age. Physical and mechanical properties were tested by 

following ASTM D-143-52 (2007) standard, BS-373 (1957) standard and German standard DIN 

(52184). In physical properties, it was found that moisture content, density, specific gravity, 

fiber saturation point and water absorption were significantly different among different ages. 

It was found that 20 years old plantation teak had the highest basic specific gravity and was 

even higher than that of natural teak whereas basic specific gravity of 25 and 30 years old  

plantation teak were lower than that of natural teak. Specific gravity of 34 years old 

plantation teak was nearly the same as that of natural teak. Shrinkage was significantly 

different in three directions (radial, tangential and longitudinal) but swelling  was 

significantly different only in two directions (radial and  tangential) for different ages of 

plantation teak.  It was found that 34 years old plantation teak had the highest tangential 

shrinkage value whereas 20 years old plantation teak had the highest tangential swelling 

value. Except 25 years old plantation teak, dimensional stability of all tested plantation teak 

was greater than that of natural teak. 30 years old plantation teak absorbed water most while 

fiber saturation point of 20 years old plantation teak is the highest. According to the 

classification of wood based on basic specific gravity, 25and 30 years old plantation teak 

would be in “Moderately Heavy” whereas 20 and 34 years old plantation teak in “Heavy”. 

According to classification of strength properties, all tested plantation teak would be in Group 

(II). Therefore, the selected plantation teak studied in this research is fit to use as construction 

material. 

Key words: density, plantation teak, specific gravity, shrinkage, strength properties 

 

 

 

 

 



ပဲခူးတိငု်းေဒသကြီးအတွင်းရှိသြ်တမ်းအမျ ို းမျ ို းရှိေသာစုိြ်ခင်းြျွန်း၏ ရူပနှင့် 
အငအ်ားဆိုင်ရာဂုဏ်သတ္တြိိုေေ့ောြခင်း 

ေဒါက်တာချ ိုချ ို ြမငဴ်၊ လက်ေထာကသ်ုေတသနအရာရှိ 
ဝင်ဵဦဵနိုင်၊ လကေ်ထာကသ်ုေတသနအရာရှိ 

 

စာတမ်းအြျဉ်းချုပ် 
 

 ဤစာတမ်းတွင် ပဲခူးတိငု်းေဒသကြီးအတွငး်ရှိ သြ်တမ်းအမျ ို းမျ ို းရှိေသာ စိုြခ်င်း 
ြျွန်းတ့ုိ၏ ရူပနငှ့်အင်အားဆိုင်ရာ ဂုဏ်သတ္တမိျားြို စမ်းသပ်ေေ့ောထားပါသည်။ စမ်ဵသပ် 
သည်ဴ ၂၅နှစ်သာဵ၊ ၃၀နှစ်သာဵနှင်ဴ ၃၄နှစ်သာဵ စုိက်ခင်ဵကျွန်ဵမျာဵကုိ ပဲခူဵတုိင်ဵေဒသကကီဵ၊ ပဲခူဵခရုိင်၊ 
ပဲခူဵမမို့နယ်ရိှ ေတာင်ဇာမရီကကိုဵဝုိင်ဵနှင်ဴ ၂၀ နှစ်သာဵစုိက်ခင်ဵကျွန်ဵကုိ လက်ပဳေအာင်ြမကကိုဵဝုိင်ဵ 
တ့ုိမှ သက်တမ်ဵတစ်မျ ိုဵစီအတွက် သစ်နမူနာတစ်ပင်စီ စုေဆာင်ဵခဴဲပါသည်။ ရူပနှင်ဴအင်အာဵ 
ဆုိင်ရာ ဂုဏ်သတ္တိမျာဵကုိASTM D-143-52 (2007) နည်ဵစနစ်၊ BS-373 (1957)နည်ဵစနစ်နှင်ဴ 
ဂျာမန် နည်ဵပညာ(DIN- 52184) တ့ုိကုိ အသဳုဵြပု၍ စမ်ဵသပ်ခဴဲပါသည်။ ရူပဆုိင်ရာဂုဏ်သတ္တိမျာဵ 
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ေတွ့ရိှခဴဲပါသည်။ ၂၀နှစ်သာဵစုိက်ခင်ဵကျွန်ဵ၏ ေရချန်ိသိပ်သည်ဵဆမှာ စမ်ဵသပ်ခဴဲေသာ စုိက်ခင်ဵ 
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နှစ်သာဵ စုိက်ခင်ဵကျွန်ဵတ့ုိ၏ ေရချန်ိသိပ်သည်ဵဆမှာ သဘာဝကျွန်ဵေအာက်ငယ်ေကကာင်ဵ ေတွ့ရိှ 
ခဴဲပါသည်။ ၃၄ နှစ်သာဵစုိက်ခင်ဵကျွန်ဵ၏ ေရချန်ိသိပ်သည်ဵဆမှာ သဘာဝကျွန်ဵနှင်ဴ တူညီေကကာင်ဵ 
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Study on Physical and Mechanical Properties of Plantation Teak at 

Different Ages in Bago Region 

1. Introduction 

 Teak is known as the most popular species in tropical countries and is also popular all 

over the world. The botanical name of teak is (Tectona grandis Linn.f.) and the family is 

Lamiaceae. It grows naturally in India, Laos, Myanmar, Thailand and Cambodia. Natural 

teak has many desirable properties such as high natural durability, high dimensional stability, 

good strength, good color and texture such as good appearance. Teak is known for its 

incredible durability and water resistance. Teak also has a high oil content which gives it the 

highest decay-resistance among all natural wood products. All these properties make it 

suitable for ship construction, yachts, building construction, flooring, indoor and outdoor 

furniture, veneer, carvings, frames, and more. However, natural teak is becoming rare. So, 

teak plantations are now being established on a large scale. Therefore, plantation teak will be 

used more in the future. However, plantation teak is not well recognized as natural teak.  

During 2008 and 2009,a plantation teak project was conducted in collaboration with 

Forest Department and CFC/ITTO 73 FT PPD 68/03 Rev.2 (1). Physical and mechanical 

properties of plantation teak at different ages were studied during the project. Different ages 

14,20,25 and 30 year-old teak were collected from different localities. According to the 

research findings, the properties of plantation teak varied from one age to another and also 

from one locality to another. Moreover, significant variations were also found in the same 

tree. 

Since plantation teak of different ages has been collected from different localities, it is 

quite difficult to conclude that the variation in properties is due to different ages or different 

localities. It is thus suggested that the properties of plantation teak at different ages growing 

in the same locality should be tested. 

So, during 2019-2021, physical and mechanical properties of plantation teak at 

different ages of Sagaing Region were studied. In that study, plantation teak of different ages 

(20, 32, 37 and 40 years) was collected from Wintho township, Kathar district, Sagaing 

region. According to the research findings, it was found that age has a significant influence 

on the properties of plantation teak in the same locality. 

Therefore, in this research, physical and mechanical properties of plantation teak at 

different ages in Bago region were studied.  

2.  Objectives 

 The objectives of this research are:  

 (1) to study physical and mechanical properties of plantation teak at different ages 

of Bago Region 
(2)   to suggest the best use of these plantation teak based on result findings, and 

 (3) to use the data for wood entrepreneurs and scientific researchers. 

3.  Materials and Methods 

 In this research, plantation teak of different ages was selected from teak plantations in 

Bago Region. Plantation teak of 25,30 and 34 years was collected from Taung Zarmari 

Reserve and 20-years old plantation teak was obtained from Letpan Aung Mya Reserve, 

Bago Township, Bago District, Bago Region. One sample tree was collected for each age. 

Wood specimens were prepared according to ASTM D-143-52 (2007) standard, British 
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standard BS-373 (1957) and German standard (DIN-52184). Moisture content, density, 

specific gravity and shrinkage were determined in accordance with standard ASTM D-143-52 

(2007). Shrinkage in radial, tangential and longitudinal directions was determined from green 

to oven dry and from green to 12% MC. Swelling in radial, tangential and longitudinal 

directions and water absorption were determined from oven dry to green condition by using 

German standard (DIN-52184). Mechanical properties were tested for green condition and 

air-dried condition following BS-373 (1957) standard. Tested wood properties and size of 

specimen for different ages of plantation teak are shown in Table 1.  

Table 1. Tested wood properties and size of specimen for different ages of plantation teak 

Sr. No Wood Properties Size of Specimen (mm) 

1 Moisture content, Specific gravity, Density 25 x 25x 100 

2 Shrinkage (Radial, Tangential, longitudinal) 25x 25 x 100 

3 Swelling (Radial, Tangential, Longitudinal) 30 x 30 x 10 

4 Water absorption 30x 30 x 10 

5 Fiber saturation point 30x 30 x 10 

6 Static bending 20 x 20 x 300 

7 Compression parallel to grain 20 x 20 x 80 

8 Compression perpendicular to grain 20 x 20x 60 

4.   Results and Discussion  

4.1 Physical Properties 

4.1.1 Moisture content 

Table 2 shows the moisture content of plantation teak at different ages. Mean 

moisture contents are 90.71 % for 20 years old plantation teak, 118.02 % for 25 years old 

plantation teak, 109.06 % for 30 years old plantation teak and 87.71 % for 34 years old 

plantation teak. These results are characterized by similar variation coefficients: 6.48%, 

5.57%, 6.56% and 6.94%, respectively. The oldest plantation teak in this study has the lowest 

moisture content, which is quite similar to that of the youngest plantation teak as well. Thus, 

it is quite different to mention whether the trend is increasing or decreasing with age.  

Average moisture content of 20 years old plantation teak in this study, 90.71% is 

lower than that of 20 years old plantation teak from Oktwin township,95.3% (Naing,2009) 

and higher than that of 20 years old plantation teak from Wintho township, 86.81% (Myint, et 

al, 2021). And then, the average moisture content of 25 years old plantation teak in this study, 

118.02 % is higher than that of 25 years old plantation teak from Leway township, 61.5% 

(Naing, 2009). The moisture content 109.06% of 30 years old plantation teak in this study is 

higher than that of 30 years old plantation teak from Thandwe township, 78.2% (Naing, 

2009). The difference in average moisture content in teak wood can be due to its age, location 

and perhaps also the season of the year when it is harvested (Hadinata and Kozakiewicz, 

2020). 

Table 2. Moisture content of plantation teak at different ages 

Age 

(years) 

No. 

specimens 

Mean 

MC% 

Minimum 

MC% 

Maximum 

MC% 

Standard 

deviation 
CV% 

20 10 90.71 81.70 98.49 5.88 6.48 

25 9 118.02 109.25 130.41 6.57 5.57 

30 19 109.06 95.92 125.22 7.15 6.56 

34 20 87.71 77.73 98.11 6.09 6.94 

MC % = moisture content percent, CV%= coefficient of variation percent 
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4.1.2 Density 

Table 3. Wood densities of plantation teak at different ages 

Age 

(years) 

No. of 

specimens 

Green density 

(kgm
-3

) 

12% MC density 

(kgm
-3

) 

Basic density 

(kgm
-3

) 

Mean SD CV% Mean SD CV% Mean SD CV% 

20 10 1172 18 1.54 764 28 3.66 615 21 3.41 

25 9 1034 44 4.26 575 32 5.57 475 25 5.26 

30 19 1020 82 8.04 593 45 7.59 488 34 6.97 

34 20 1118 32 2.86 738 26 3.52 596 19 3.19 

MC = moisture content; SD = standard deviation, CV % = coefficient of variation (%) 

Wood densities of plantation teak at different ages are given in Table 3. According to 

the results, the mean density of 20 years old plantation teak is the highest among the tested 

plantation teak. Bhat and Priya (2004) reported that 21years old plantation teak showed 

higher density than 65 years old plantation teak collected from different locations. 

At 12% MC, 20years old plantation teak has a density of 764 kgm
-3

while 25 years old 

plantation teak has 575 kgm
-3

, 30 years old 593 kgm
-3

 and 34 years old 738 kgm
-3

, 

respectively. A coefficient of variation of about 10% is considered suitable for describing the 

variability of oven dry density within common domestic species (Forest products Laboratory, 

2010). In this study, the coefficient values for different ages of plantation teak are lower than 

10%.This means that mean density of plantation teak at different ages are not much 

dispersed, and the results are assumed to be precise. The mean air-dry density of 20 years old 

plantation teak (764 kgm
-3

) is higher than those of 20 years old plantation teak from Oktwin 

township (731 kgm
-3

) and Wintho Township (701 kgm
-3

). And then, the air-dry density of 20 

years old plantation teakin this study (764 kgm
-3

) is higher than that of20 years old plantation 

teak in Laos (708 kgm
-3

) (Wanneng et. al., 2014).And then, the mean air dry density of 25 

years old plantation teak in this study (575 kgm
-3

) is lower than that of 25 years old plantation 

teak from Leway township (715 kgm
-3

)and 25 years old plantation teak from Laos (664 kgm
-

3
) (Wanneng et. al., 2014).The mean air dry density of 30 years old plantation teak in this 

study (593 kgm
-3

) is lower than that of 30 years old plantation teak from Thandwe township 

(668 kgm
-3

).Figure 1 shows the comparison of wood density of plantation teak of different 

ages at 12% moisture content in this study and other studies.  

Wood densities of plantation teak at different ages are significantly different at  = 

0.05 as shown in Table 4. Air dry density is compared for significant differences among 

different ages by Tukey’s test. 20 years old plantation teak has the highest air-dry density of 

764 kgm
-3

 and significantly differs from ages 25 and 30 but does not significantly differ from 

34 years old plantation teak. Age is found to have a significant effect on the density of 10, 15 

and 20 years old plantation teak from wet and dry localities in Ghana (Amoah and Inyong, 

2019). In Indonesia, 40 years old plantation teak has significantly higher density than 10 

years old plantation teak (Darmawan et. al., 2015).Similarly, plantation teak of 7-10 years 

rotation has a lesser basic density than plantation teak of 40-60 years rotation in Indonesia 

(Rizanti et. al., 2018). Thus, these findings agrees that the density of plantation teak increases 

with age.  
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Figure 1. Comparison of wood densities of plantation teak of different ages at 12% MC in 

this study and other studies (Naing, W.O, 2009)and (Myint, C. C et al, 2021). 

It is found that basic density did not increase considerably with increasing age in 9-

year- old teak growing in wet site (3500 mm per year) of Costa Rica (Moya, 2001; as cited in 

Forest Department, 2009). Densities of 13,21 and 35 years old teak from short rotation 

plantations and 35 years old home garden teak did not differ significantly (Bha, 1995; Bhat et 

al., 2001; Thulasidas and Bhat, 2009;Moya, 2001 as cited in Forest Department, 2009). 

It should be noted that wood density depends not only on the growth rate of tree (age) 

but also on other factors such as the plantation site (soil), geographic location (plain or hill) 

and climate (wind and annual rainfall) (Wanneng et al., 2014).Moreover, within a given 

species, the density of oven dry wood varies because of anatomical characteristics such as the 

ratio of earlywood to latewood and heartwood to sapwood. For a limited number of species, 

minerals and extractable substances may also affect density (Forest Products Laboratory, 

2010). The density of wood varies, depending on the amount of material (cell wall) and voids 

(cell cavities) present in a certain volume (Tsoumis, 1991).  

Table 4. Analysis of variance for physical properties of plantation teak at different ages  

Wood properties Interaction 
Sum of 

squares 
df 

Mean 

square 

F 

value 

 p  

value 

Moisture content % 
Between 

Ages 
8364.5 3 2788.20 65.96 0.00* 

Green Density 
Between 

Ages 
201632 3 67211 22.98 0.00* 

Density 12% 
Between 

Ages 
374494 3 124831 102.04 0.00* 

Basic Density 
Between 

Ages 
208199 3 69400 101.13 0.00* 

Basic specific gravity 
Between 

Ages 
0.21 3 0.069 101.13 0.00* 

Specific gravity (12 % MC) 
Between 

Ages 
0.30 3 0.10 102.04 0.00* 

Radial shrinkage (G to OD) 
Between 

Ages 
8.14 3 2.71 20.81 0.00* 

Tangential shrinkage (Gto OD) Between 10.62 3 3.54 24.02 0.00* 
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Ages 

Longitudinal shrinkage (G to OD)  
Between 

Ages 
0.31 3 0.10 6.68 0.00* 

Radial Shrinkage (G to 12% MC) 
Between 

Ages 
2.93 3 0.98 20.81 0.00* 

Tangential Shrinkage (G to 12% 

MC) 

Between 

Ages 
3.83 3 1.27 24.02 0.00* 

Longitudinal Shrinkage (G to 

12%MC ) 

Between 

Ages 
0.11 3 0.04 6.68 0.00* 

Radial swelling (ODto G) 
Between 

Ages 
24.66 3 8.22 56.10 0.00* 

Tangential swelling (OD to G) 
Between 

Ages 
125.07 3 41.69 137.79 0.00* 

Longitudinal swelling (OD to G) 
Between 

Ages 
0.12 3 0.04 0.52 0.67ns 

Water absorption 
Between 

Ages 
90440 3 30147 190.40 0.00* 

Fiber saturation point 
Between 

Ages 
304.43 3 101.48 52.60 0.00* 

*= significant (p<0.05), ns = not significant (P>0.05), OD = Oven dry, G =Green andMC= 

moisture content 

4.1.3   Specific gravity 

Table 5. Specific gravity of plantation teak at different ages 

Age 

(years) 

No. of 

specimens 

Basic specific gravity 
A t 12% MC 

specific gravity 

Mean 
Standard 

deviation 
CV% Mean 

Standard 

deviation 
CV% 

20 10 0.615 0.02 3.25 0.682 0.03 4.40 

25 9 0.475 0.03 6.32 0.514 0.03 5.84 

30 19 0.488 0.03 6.15 0.529 0.04 7.56 

34 20 0.596 0.02 3.36 0.659 0.02 3.03 

 

 Table 5 shows the specific gravity of plantation teak of different ages. According to 

the results, 20 years old plantation teak has the highest specific gravity value and 25 years old 

plantation has the lowest value. The coefficient of variation for specific gravity can be high 

up to 10% (Forest products laboratory, 2010).In this study, coefficient of variation for 

specific gravity is found to be less than 10% for different ages of plantation teak, meaning 

that specific gravity values for different ages of plantation teak are to be precise.  

The comparison of basic specific gravity of plantation teak at different ages obtained 

in this study and other studies is shown in Figure 2. It is found that the basic specific gravity 

of 20 years old plantation teak in this study is higher than that of 20 years old plantation teak 

from Oktwin and Wintho townships. But, the basic specific gravity of 25 years old plantation 

teak in this study is lower than that of 25 years old plantation teak from Leway township. 

And the basic specific gravity of 30 years old plantation teak in this study is lower than that 

of 30 years old plantation teak from Thandwe township. 
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Figure 2 Comparison of basic specific gravity of plantation teak of different ages in this study 

and other studies (Naing, W.O, 2009) and (Myint, C. C et al, 2021) 

Basic specific gravity of plantation teak at different ages is significantly different as 

shown in Table 4. The basic specific gravity of plantation teak at different ages is compared 

for significant difference by Tukey’s test. 20 years old plantation teak has the highest basic 

specific gravity value of 0.615, significantly differs from ages 25 and 30 with the values of 

0.475 and 0.488 but does not significantly differ from 34 years old plantation teak with the 

value of 0.596.Wood technologists have accepted that wood specific gravity varies greatly 

within and between species (Negi 1997; Forest Products Laboratory 2010; Dinwoodie 

2000).This variation is attributed to many factors such as site, climate, geographic location, 

growth stresses, anatomical structure, etc (Forest Products Laboratory, 2010). 

According to Negi (1997), wood can be classified into six groups based on their basic 

specific gravity. Woods with basic specific gravity of 0.28 and less are considered to be very 

light, 0.28 to 0.42 light, 0.42 to 0.56 moderately heavy, 0.56 to 0.70 heavy, 0.70 to 0.85 very 

heavy and above 0.85, extremely heavy. In accordance with this classification system, 25 and 

30 years old plantation teak will be in “Moderately Heavy” Group whereas 20and 34 years 

old teak will be in “Heavy” Group. 

4.1.4   Shrinkage  

Radial, tangential and longitudinal shrinkage values for different ages of plantation 

teak are shown in Table6.(a-c). It is found that tangential shrinkage is the highest, greater 

than twice of radial shrinkage for different ages of plantation teak except 25 years old 

plantation teak. Longitudinal shrinkage is the lowest. Wood is an anisotropic material. It 

shrinks (swells) most in the direction of the annual growth rings (tangentially), about half as 

much across the rings (radially), and only slightly along the grain (longitudinally) (Forest 

Products Laboratory, 2010). Prawirohatmodjo (2012) stated that the microfibril structures in 

cell walls caused wood shrinkage to be higher in its tangential than radial and longitudinal 

part (Hadinata and Kozakiewicz 2020). Thus, it can be found that shrinkage in tangential 

direction is higher than those in radial and longitudinal direction in all ages.  
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Table 6 (a) Radial shrinkage value for different ages of plantation teak 

 

Age 

(years) 

Number 

of 

Specimen 

Radial shrinkage (%) 

from Green to oven dry from Green to 12% MC 

Mean SD CV% Mean SD CV% 

20 15 2.26 0.31 13.72 1.36 0.19 13.97 

25 9 2.60 0.28 10.77 1.56 0.17 10.90 

30 18 2.08 0.16 7.69 1.25 0.09 7.20 

34 19 2.15 0.31 14.42 1.29 0.19 14.73 

 

Table 6 (b) Tangential shrinkage value for different ages of plantation teak  
 

Age 

(years) 

Number 

of 

Specimen 

Tangential shrinkage (%) 

from Green to oven dry from Green to 12% MC 

Mean SD CV% Mean SD CV% 

20 8 5.22 0.37 7.09 3.13 0.22 7.03 

25 8 4.41 0.41 9.30 2.65 0.25 9.43 

30 18 4.47 0.33 7.38 2.68 0.20 7.46 

34 7 5.61 0.51 9.09 3.37 0.30 8.90 

 

Table 6 (c) Longitudinal shrinkage value for different ages of plantation teak 
 

Age 

(years) 

Number 

of 

Specimen 

Longitudinal shrinkage (%) 

from Green to oven dry from Green to 12% MC 

Mean SD CV% Mean SD CV% 

20 18 0.40 0.19 47.50 0.24 0.11 45.83 

25 9 0.29 0.12 41.38 0.17 0.07 41.18 

30 19 0.26 0.08 34.78 0.16 0.05 31.25 

34  20 0.23 0.08 34.78 0.14 0.05 35.71 

 

The shrinkage from green to ovendry is from 2.08% to 2.60% in radial direction, from 

4.41% to 5.61% in tangential direction and from 0.23% to 0.40% in longitudinal direction. 

Shrinkage variability is characterized by a coefficient of variation of approximately 15% 

(Forest products Laboratory, 2010).In radial shrinkage results, coefficients of variation for all 

ages are less than 15%, which might mean that the results are to be reliable. The coefficients 

of variation for tangential shrinkage at different ages of plantation teak are less than 15%. 

Therefore, the results are to be reliable. In longitudinal shrinkage results, the coefficients of 

variation are relatively high, in comparison with those of radial and tangential shrinkage, 

which means that the individual values of each age are much dispersed. 

Table 4indicates that shrinkage values of plantation teak at different ages are 

significantly different at significant value (= 0.05).Tangential shrinkage values from green 

to oven dry are also compared for significant difference by Tukey’s test. 34 years old 

plantation teak has the highest shrinkage value of 5.61, significantly differs from ages 25 and 

30 with the values of 4.41 and 4.47 but does not significantly differ from the 20 years old 

plantation teak with the value of 5.22. 

Comparison of radial and tangential shrinkage of plantation teak in this study and 

other study is shown in Table 7. The comparison shows that tangential shrinkage of 20 years 
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old plantation teak in this study (5.22 %) is the same as that of 20 years old plantation teak 

from Oktwin township (5.20%) and higher than that of 20 years old plantation teak from 

Wintho township (4.05%). And then, shrinkage values of 30 years old plantation teak in this 

study are lower than those of 30 years old plantation teak from Thandwe township. 

Table 7. Comparison of radial and tangential shrinkage of plantation teak in this study and 

other studies 

Age 

(years) 
Locality 

Radial shrinkage from 

green to oven dry (%) 

Tangential shrinkage 

from green to oven dry 

(%) 

Remarks 

20  Bago 2.26 5.22 

This study 
25  Bago 2.60 4.41 

30  Bago 2.08 4.47 

34  Bago 2.15 5.61 

20  Wintho 2.05 4.05 

(Myint, C. C et 

al, 2021). 

32  Wintho 2.00 4.61 

37  Wintho 2.15 4.15 

40  Wintho 3.22 4.50 

14  Yetashe 2.30 5.20 

(Naing, W.O, 

2009) 

20  Oktwin 2.70 5.20 

25  Leway 2.70 5.00 

30  Thandwe 2.70 5.60 

4.1.5   Swelling 

Table 8. Swelling in the radial, tangential and longitudinal directions 

Age 

(years) 

No. of 

specimens 

Swelling from oven dry to green (%) 

Radial Tangential Longitudinal 

Mean SD CV% Mean SD CV% Mean SD CV% 

20 30 2.96 0.46 15.54 7.33 0.47 6.41 0.56 0.29 51.79 

25 17 2.49 0.39 15.66 5.64 0.47 8.33 0.54 0.27 50.00 

30 30 1.69 0.33 19.53 4.63 0.65 14.04 0.47 0.27 57.45 

34 30 2.42 0.34 14.05 4.86 0.34 7.00 0.51 0.28 54.90 

Swelling in radial, tangential, and longitudinal directions is shown in Table 8. 

According to results, tangential swelling is the largest, radial welling the second largest and 

longitudinal swelling the lowest. Swelling values in tangential direction are higher than twice 

of the swelling values in radial direction except 34 years old plantation teak. ANOVA       

(Table 4)  indicates that radial and tangential swelling values for plantation teak at different 

ages are significantly different at significant value ( = 0.05). Tangential swelling from oven 

dry to green is compared for significant difference by Tukey’s test. The youngest age 20 

years old plantation teak has the highest swelling value of 7.33, significantly differs from 

ages 25, 30 and 34 the values of 5.64, 4.63 and 4.86. 

According to the results, 20 years old plantation teak is found to swell the highest and 

30 years old the lowest. This is due to the fact that swelling is affected by specific gravity, 
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and thus the species with higher specific gravity swell higher (Grekin and Verkasalo, 

2010).20 years old teak with the highest specific gravity swells the highest. The 25 years old 

with the lowest specific gravity does not swells the lowest and is found to swell higher than 

30 and 34 years old. It may probably be due to the presence of a high amount of extractives, 

which reduces shrinkage/swelling due to their bulking effect (Forest Products Laboratory, 

1957).There are also other factors affecting shrinkage and swelling like size and shape of 

specimen and the rate of drying (Forest Products Laboratory 2010). 

The longitudinal swelling value of plantation teak is not significantly different among 

different ages. Comparison of radial and tangential swelling of plantation teak in this study 

and other study is shown in Table 9. The swelling values of 20 years old plantation teak from 

Bago is higher than those of 20 years old plantation teak from Oktwin and Wintho townships. 

The swelling values of 30 years old plantation teak in this study is lower than that of 30 years 

old plantation teak from Thandwe. 

Table 9. Comparison of radial and tangential swelling of plantation teak in this study and 

other studies 

Age 

(years) 
Locality 

Radial Swelling from 

oven dry to green 

(%) 

Tangential Swelling from 

oven dry to green 

(%) 

Remarks 

20 Bago 2.96 7.33 

This study 
25 Bago 2.49 5.64 

30 Bago 1.69 4.63 

34 Bago 2.42 4.86 

20 Wintho 1.94 4.51 

(Myint, C. C et al, 

2021). 

32 Wintho 2.16 6.07 

37 Wintho 1.99 4.88 

40 Wintho 2.27 5.24 

14 Yetashe 1.96 4.84 

(Myint, C. C et al, 

2014). 

20 Oktwin 2.15 4.99 

25 Leway 2.69 5.08 

30 Thandwe 1.97 4.77 

4.1.6   Water absorption 

Table 10 shows the water absorption of plantation teak at different ages. According to 

results, 30 years old plantation teak absorbs more water than 20,25and 34 years old plantation 

teak. This could be attributed to their densities. 30 years old teak has the lowest green density 

and thus absorbs water most. Sint and Hapla (2009) found that timbers with higher densities 

absorb less water or solution than those with lower densities. Again, among timbers of the 

same density, those with deposits in cell lumina show lower absorption than those without 

deposits (Sint 2010; Sint et. al. 2011). Moreover, the absorption is also influenced by 

anatomical structure of timber species (Sint et. al. 2013; Sint et. al. 2012). 

Table 10. Water absorption of plantation teak at different ages 

Age 

(years) 
No. of specimens 

Water absorption (kgm
-3

) 

Mean Minimum   Maximum SD CV% 

20 30 588 557 605 11 1.87 

25 17 582 564 589 7 1.20 

30 30 641 611 670 16 2.50 

34 30 567 532 583 12 2.12 
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As shown in Table 4, maximum water absorption of plantation teak at different ages 

is significantly different at significant value ( = 0.05).Maximum water absorption of 

plantation teak at different ages is compared for significant difference by Tukey’s test. The 

oldest age 34 years old plantation teak has the lowest water absorption value of 567kgm
-3

, 

significantly differs from ages 20, 25 and 30 with the values of 588 kgm
-3

, 582 kgm
-3 

and 

641kgm
-3

. 

Table 11. Comparison of water absorption of plantation teak in this study and other studies 

Age 

(years) 
Locality Water absorption (kgm

-3
) Remarks 

20 Bago 588 

This study 
25 Bago 582 

30 Bago 641 

34 Bago 567 

20 Wintho 612 

(Myint, C. C et al, 2021). 
32 Wintho 571 

37 Wintho 582 

40 Wintho 613 

14 Yetashe 618 

(Myint, C. C et al, 2014). 
20 Oktwin 572 

25 Leway 579 

30 Thandwe 617 
 

Comparison of water absorption of plantation teak in this study and other studies is 

shown in Table 11. Water absorption of 20 years old plantation teak from Bago township is 

higher than that of 20 years old plantation teak from Oktwin township but lower than that of 

20 years old plantation teak from Wintho township. Water absorption of 30 years old Bago 

plantation teak is higher than that of Thandwe plantation teak.  

4.1.7  Fiber saturation point 

Table 12. Fiber saturation point of plantation teak at different ages. 

Age 

(years) 

No. of 

specimens 

Fiber saturation point(%) 

Mean Minimum   Maximum SD CV% 

20 30 17.35 15.15 20.52 0.24 1.38 

25 17 13.89 12.20 16.41 1.02 7.34 

30 30 13.01 10.04 17.12 1.88 14.45 

34 30 14.97 12.68 17.03 1.00 6.68 
 

Fiber saturation point of plantation teak at different ages is shown in Table 12. 

According to results, the fiber saturation point of 20 years old plantation teak is the highest 

and 30 years old the lowest. Generally, fiber saturation point is assumed to be at about 28% 

but varies with timber species depending on the amount of deposits on cell lumina (Forest 

products Laboratory, 2010). 

ANOVA (Table 4) indicates that the fiber saturation point of plantation teak at 

different ages is significantly different at significant value ( = 0.05). Thus, the fiber 
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saturation point of plantation teak at different ages is compared for significant difference by 

Tukey’s test.  

Table 13 Comparison of fiber saturation point of plantation teak in this study and other 

studies. 

Age 

(years) 
Locality 

Fiber saturation point (FSP) 

(%) 
Remarks 

20 Bago 17.35 This study 

25 Bago 13.89 

30 Bago 13.01 

34 Bago 14.97 

20 Wintho 12.21 Forest Research Institute, 

Yezin (2021) 32 Wintho 13.63 

37 Wintho 11.99 

40 Wintho 14.21 

14 Yetashe 13.39 (Myint, C. C et al, 2014).               

20 Oktwin 12.89 

25 Leway 13.83 

30 Thandwe 13.09 

The youngest age 20 years old plantation teak has the highest fiber saturation point of 

17.35%, significantly differs from ages 25,30 and 34 with the values of 13.89%, 13.01%and 

14.97%. Comparison of fiber saturation point of plantation teak in this study and other study 

is shown in Table 13. The fiber saturation point of 20 years old Bago plantation teak is higher 

than those of 20 years old Oktwin and Wintho plantation teak. The fiber saturation point of 

30 years old Bago plantation teak is the same as that of 30 years old Thandwe plantation teak.  

4.2 Mechanical Properties 

4.2.1 Static Bending 

Table 14. Mean modulus of elasticity, modulus of rupture and fiber stress at proportional limit 

of plantation teak at different ages at green and 12% moisture content (Nmm
-2

) 

Age 

(years) 

Moisture 

content 

(%) 

Number 

of 

specimens 

Modulus of 

Elasticity(Nmm-2) 

Modulus of Rupture  

(Nmm-2) 

Fiber Stress at 

Proportional Limit 

(Nmm-2) 

Mean SD CV% Mean SD CV% Mean SD CV% 

20 
68.30 15 10686 2247 21.03 80 8 10.00 51 6 11.76 

12.00 7 11314 1517 13.41 98 10 12.20 61 7 11.48 

25 
103.91 6 10722 1283 11.97 66 13 19.70 41 7 17.07 

12.00 8 10946 1290 11.79 81 10 12.35 49 5 10.20 

30 
105.81 16 9646 1690 17.52 71 4 5.63 45 3 6.67 

12.00 16 10081 1797 17.83 84 7 8.33 53 5 9.43 

34 
82.29 13 10758 1580 14.69 76 6 7.89 50 5 10.00 

12.00 17 11804 3254 27.57 91 9 9.89 56 6 10.71 

The mean modulus of elasticity, modulus of rupture and fiber stress at proportional 

limit of plantation teak at different ages at green and 12% moisture content are given in Table 

14. The number of specimens per age, standard deviation and coefficient of variation are also 

given.  
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The value of coefficient of variation for modulus of elasticity can be high up to 22% 

(Forest products laboratory, 2010). For all ages, the coefficient of variations of modulus of 

elasticity at green condition are less than 22% which means that the results are to be reliable. 

Butin age 34, the coefficient of variation of modulus of elasticity at 12% moisture content is 

larger than 22% which might mean that the result is not to be reliable. According to the test 

results, it can be found that 34 years old plantation teak possesses the highest modulus of 

elasticity in both green and air-dry conditions.   

The value of coefficient of variation for modulus of rupture can be high up to 16% 

(Forest products laboratory, 2010). In age 25, the coefficient of variation of modulus of 

rupture at green condition is larger than 16%. But, in all ages, the coefficient of variations of 

modulus of rupture at 12% moisture content are less than 16%, which might mean that the 

results are to be reliable. According to the test results, it can be found that 20 years old 

plantation teak possesses the highest modulus of rupture in both green and air-dry conditions.  

The value of coefficient of variation for fiber stress at proportional limit can be high 

up to 22%  (Forest products laboratory, 2010). At all ages, the coefficient of variations of 

fiber stress at proportional limit at green and 12% moisture content are less than 22%, which 

might mean that the results are to be assumed to be precise and reliable. 

For significant difference, the effect of age on modulus of elasticity, modulus of 

rupture and fiber stress at proportional Limit at green and 12% moisture content are tested 

using Statistica (One way ANOVA).The analysis of variance in Table 17 shows that modulus 

of elasticity of plantation teak at different ages is not significantly different at both green and 

air-dry condition but modulus of rupture and fiber stress at proportional limit of plantation 

teak at different ages are significantly different at both green and air-dry condition. In 

Indonesia, 40 years old plantation teak has higher MOE and MOR than 10 years old 

plantation teak (Darmawan et. al., 2015). Similarly, 65 years old plantation teak has higher 

MOE and MOR than 21 years old plantation teak in India (Bhat and Priya, 2004) 

 Modulus of rupture and fiber stress at proportional limit of plantation teak at different 

ages are compared for significant difference by Tukey’s test. In air dry condition, the 

youngest age 20years old plantation teak has the highest modulus of rupture and fiber stress 

at proportional limit, significantly differs from ages 25 and 30but not significantly differs 

from age 34. 

4.2.2 Compression Parallel to Grain 

Table 15. Mean maximum crushing strength and fiber stress at proportional limit of 

plantation teak at different ages at green and 12% moisture content (Nmm
-2

) 

 

Age(years) 

Moisture 

content 

(%) 

No. of 

specimens 

Maximum Crushing 

Strength  

(Nmm
-2

) 

Fiber Stress at Proportional 

Limit  

(Nmm
-2

) 

Mean SD CV% Mean SD CV% 

20 
80.63 19 30 6 20.00 29 7 24.14 

12.00 15 51 5 9.80 45 5 11.11 

25 
99.48 6 31 3 9.68 29 3 10.34 

12.00 8 36 2 5.56 33 3 9.09 

30 85.59 19 26 4 15.38 24 4 16.67 

12.00 16 40 4 10.00 38 5 13.16 

34 82.65 10 24 9 37.5 23 9 39.13 

12.00 17 40 3 7.5 39 4 10.26 
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Mean values of maximum crushing strength and fiber stress at proportional limit of 

plantation teak at different ages at green and 12% moisture content are shown in Table 

15.The number of specimens per age and standard deviation and coefficient of variations are 

also given. The value of coefficient of variation for maximum crushing strength can be high 

up to 18% (Forest products laboratory, 2010).At green condition, coefficient of variation of 

maximum crushing strength for the youngest age 20 and the oldest age 34 are larger than 

18%which mean that the results are not to be acceptable. Other ages 25 and 30, the 

coefficient of variation at green and at 12% moisture content are lower than 18%. The results 

are to be assumed to be precise and reliable.  

The value of coefficient of variation for fiber stress at proportional limit can be high 

up to 24% (Forest products laboratory, 2010).At green condition, the coefficient of variation 

for the highest age34 and the lowest age 20is larger than 24%.But,at both green and 12 % 

moisture content, coefficient of variations for age 25 and 30 are less than 24%. Thus, the 

results are to be precise and reliable. 

Analysis of variance in Table 17 shows that MCS and FS@PL of plantation teak at 

different ages are significantly different both green and at 12% moisture content condition. 

Maximum crushing strength and fiber stress at proportional limit of plantation teak at 

different ages are compared for significant difference by Tukey’s test. At green condition, 20 

years old plantation teak significantly differs in MCS from 34 years old plantation teak. At 

12% moisture content, 20 years old plantation teak significantly differs in MCS from age 25, 

30 and 34. 

In FS@PL,25 years old plantation teak significantly differs from 30 years old 

plantation teak at green condition whereas the youngest age 20 years old plantation teak 

significantly differs from ages 25,30 and 34at 12% moisture content. 

Bhat and Priya (2004) found that in the same locality, older plantation teak of 65 

years has a higher MCS than younger plantation teak of 21 years. However, when comparing 

MCS of plantation teak of different ages from different localities, it is quite difficult to 

conclude that the significant difference is due to different ages or different provinces. 

Therefore, it is reported that there is a great variability within each wood characteristic 

presented among plantation-grown teak and thus the worst quality as well as the best can 

sometimes be found out on the same site if various genetic materials have been planted 

(Thulasidas and Bailleres, 2017). 

4.2.3 Compression Perpendicular to Grain 

Table 16. Fiber Stress at Proportional Limit of plantation teak at different ages at green and 

12% moisture content (Nmm
-2

) 

Age(years) 

Moisture 

content 

(%) 

Number of 

specimens 

Fiber Stress at Proportional Limit 

(FS @PL) (Nmm
-2

) 

Mean 
Standard 

deviation 
CV% 

20 
76.72 15 4 1 25.00 

12.00 16 9 2 22.22 

25 
114.96 7 3 1 33.33 

12.00 8 6 3 50.00 

30 117.42 14 3 1 33.33 

12.00 17 5 1 20.00 
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34 80.10 14 7 4 57.14 

12.00 17 10 3 30.00 

  

The mean fiber stress at proportional limit of plantation teak at different ages at green 

and 12% moisture content are given in Table 16.The number of specimens per age, standard 

deviation and coefficient of variation are also given. According to the results, at both green 

and12% moisture content, 34 years old plantation teak possesses the highest FS@PL and 30 

years old plantation teak possesses the lowest FS@PL.Analysis of variance in Table 17 

shows that FS@PL of plantation teak at different ages is significantly different at both green 

and 12% moisture content. Fiber stress at proportional limit of plantation teak at different 

ages is compared for significant difference by Tukey’s test. At green condition, the oldest age 

34 years old plantation teak significantly differs from ages 20, 25 and 30. At air dry 

condition, the oldest age 34 years old plantation teak significantly differs from ages 25 and 30 

but does not significantly differ from the youngest age 20.The coefficient of variation for 

fiber stress at proportional limit can be high up to 28% (Forest products laboratory,2010).At 

green and 12% moisture content, the coefficient value of ages 34 and 25is greater than 28% 

but the coefficient value of the youngest age 20 years old plantation teak is less than 28% 

which mean that the result is reliable. 

Table 17.  Analysis of variance for plantation teak of different ages (20, 25, 30 and 34) in 

mechanical properties 

Property condition Interaction 
Sum of 

squares 
df 

Mean 

square 

F 

value 
p value 

MOE (Nmm-2) 

(Static bending) 

Green Ages 1.26E+07 3 4.20E+06 1.27 0.295 ns 

12% MC Ages 2.52E+07 3 8.39E+06 1.52 0.223 ns 

MOR (Nmm-2) 

(Static bending) 

Green Ages 1157.00 3 385.70 6.96 0.00* 

12% MC Ages 1474.40 3 491.50 6.21 0.00* 

FS@PL (Nmm-2) 

(Static bending) 

Green Ages 642.29 3 214.10 8.12 0.00* 

12% MC Ages 654.50 3 218.20 7.29 0.00* 

MCS (Nmm-2) 

(Compression 

parallel) 

Green Ages 454.59 3 151.53 4.45 0.00* 

12% MC Ages 1595.76 3 531.92 36.49 0.00* 

FS@PL (Nmm-2) 

(Compression 

parallel) 

Green Ages 439.43 3 146.48 3.88 0.00* 

12% MC Ages 742.75 3 247.58 11.47 0.00* 

FS@PL (Nmm-2) 

(Compression 

perpendicular) 

Green Ages 139.24 3 46.41 10.99 0.00* 

12% MC Ages 239.03 3 79.68 16.90 0.00* 

* Significant (= 0.05), ns = not significant, MC= moisture content, MOE= modulus of 

elasticity, MOR= modulus of rupture, FS@PL= fiber stress at proportional limit, MCS = 

maximum crushing strength 

Table 18. Comparison of mechanical properties of plantation teak in this study and other 

studies 

Locality 
Age 

(years) 

Properties 

Static bending 
Compression 

Parallel to grain 

Compression 

Perpendicular 

to grain 

MOE MOR FS@PL MCS FS@PL FS@PL 

(Nmm
-2

) (Nmm
-2

) (Nmm
-2

) (Nmm
-2

) (Nmm
-2

) (Nmm
-2

) 

Bago 20 11314 98 61 51 45 9 

Bago 25 10946 81 49 36 33 6 
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Bago 30 10081 84 53 40 38 5 

Bago 34 11804 91 56 40 39 10 

Wintho 20 12178 99 64 32 28 9 

Wintho 32 13534 104 69 28 26 8 

Wintho 37 12784 102 65 31 28 5 

Wintho 40 13896 90 59 33 31 8 

Yetashe 14 9491 98 60 46 38 12 

Oktwin 20 10570 105 63 50 42 13 

Leway 25 11480 114 21 53 45 14 

Thandwe 30 10550 95 59 44 38 11 

The comparison of mechanical properties of plantation teak in this study and other 

studies is shown in Table 18. It shows that MOE value of Bago plantation teak is lower than 

that of Wintho plantation teak and nearly the same as that of Oktwin, Leway and Thandwe 

plantation teak. But, MCS value of Bago plantation teak is higher than that of Wintho 

plantation teak and nearly the same as that of Yetashe, Oktwin, Leway and Thandwe 

plantation teak. MOR value of Bago plantation teak is lower than that of Wintho, Oktwin and 

Leway plantation teak. In MCS, Wintho plantation teak has the lowest whereas Oktwin and 

Leway has the highest.  

4.2.4 Comparison of properties of plantation teak at different ages and natural Teak 

Some physical properties of plantation teak at different ages are compared with those of 

natural teak (Win Kyi, 1993) shown in Table 19. It can be found that specific gravity values 

of 25 and 30 years old plantation teak are lower than that of natural teak. But, specific gravity 

value of 20 years old plantation teak is higher than that of natural teak. Specific gravity value 

of 34 years old plantation teak is nearly the same as that of natural teak. 
 

Green density values of plantation teak at different ages are greater than that of natural 

teak. Ages30and 34 years old plantation teak have lower radial shrinkage than natural teak. 

But, 25 years old plantation teak has higher radial shrinkage than natural teak. Radial 

shrinkage of 20 years old plantation teak is the same as that of natural teak. Tangential 

shrinkage values of plantation teak at different ages are higher than that of natural teak. It can 

be found that tangential shrinkage values of plantation teak at different ages are less than 7%. 

Except 25 years old plantation teak, dimensional stability of 20, 30 and 34 years old 

plantation teak is greater than that of natural teak. Dimensional stability of plantation teak at 

different ages is greater than 2 except 25 years old plantation teak. Win Kyi (2000) stated that 

those timbers which have dimensional stability less than or equal to 2.0 and dimensional 

changes i.e. radial shrinkage and tangential shrinkage less than or equal to 3.5% and 7.0% are 

found to be suitable for making high quality wood products. Thus, 25 years old plantation 

teak could be suitable for making high quality wood products. 

Table 19. Comparison of physical properties of plantation teak at different ages in this study 

and those of natural teak 

No Species 

Moisture 

content 

(%) 

Specific 

gravity 

Density 

(kg/m3) 

Radial 

shrinkage 

from 

green to 

oven dry 

Tangential 

shrinkage 

from 

green to 

oven dry 

Dimensional 

stability 

1 
Plantation Teak 

(20 years) 

90.71 0.615 1172 2.26 5.22 
2.31 

12.0 0.682 764 1.43 3.13 

2 Plantation Teak 118.02 0.475 1034 2.60 4.41 1.70 
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 (25 years) 12.0 0.514 575 1.78 2.65 

3 
Plantation Teak 

 (30 years) 

109.06 0.488 1020 2.08 4.47 
2.15 

12.0 0.529 593 1.25 2.68 

4 
Plantation Teak 

(34 years) 

87.71 0.596 1118 2.15 5.61 
2.61 

12.0 0.659 738 1.29 3.37 

5 Natural Teak 
51.8 0.598 913 2.30 4.20 

1.83 
12.0 0.664 740 1.38 2.52 

*Data source: Physical and mechanical properties of some Myanma Timbers (Kyi, 1993). 

 

Table 20. Comparison of mechanical properties of plantation teak at different ages in this 

study and natural teak 
 

No Species Condition 

Static bending 

(Nmm
-2

) 

Compression Parallel to grain  

(Nmm
-2

) 

MOE MOR MCS 

1 
Plantation teak 

(20 years) 

Green 10686 80 30 

Air dry 11314 98 51 

2 
Plantation teak 

(25 years) 

Green 10722 66 31 

Air dry 10946 81 36 

3 
Plantation teak 

(30 years) 

Green 9646 71 26 

Air dry 10081 84 40 

4 
Plantation teak 

(34 years) 

Green 10758 76 24 

Air dry 11804 91 40 

5 Natural teak* 
Green 11535 79 40 

Air dry 13011 103 60 

*Data source: Physical and mechanical properties of some Myanma Timbers (Kyi, 1993) 

Comparison of mechanical properties of plantation teak at different ages in this study 

and natural teak is shown in Table 20.Itcanbe seen that in static bending test and compression 

parallel to grain test, the strength properties of plantation teak at different ages at air-dry 

condition are lower than those of natural teak.  
 

According to classification of strength properties of Negi (1997), two factors such as 

modulus of elasticity and modulus of rupture are taken into account for end-use of timbers as 

construction material. According to this grouping, all tested plantation teak would be in 

Group II. This grouping is based on strength properties at 12% moisture content. Thus, 

plantation teak at different ages is fit to use as construction material. 

 

5.  Conclusion 
 

Except longitudinal swelling and modulus of elasticity from static bending test, 

physical and mechanical properties of plantation teak at different ages are significantly 

different. The youngest age, 20 years old plantation teak has the highest basic specific gravity 

and its value is higher than that of natural teak. Specific gravity of 34 years old plantation 

teak is nearly the same as that of natural teak. Tangential shrinkage values of plantation teak 

at different ages are higher than that of natural teak. The youngest age, 20 years old 

plantation teak has the highest swelling value. Dimensional stability of 25 years old 

plantation teak is lower than that of natural teak. The oldest age 34 years old plantation teak 
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has the lowest water absorption. Fiber saturation point of 20 years old plantation teak is the 

highest. The oldest age, 34 years old plantation teak possesses the highest Modulus of 

elasticity. But, the lowest age 20 years old plantation teak possesses the highest modulus of 

rupture, fiber stress at proportional limit and maximum crushing strength. The strength 

properties of plantation teak at different ages are lower than those of natural teak. According 

to the results of physical and mechanical properties, 20, 25, 30 and 34 years old plantation 

teak studied in this research are suitable to make high quality wood products and to use as 

construction material. 
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