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Investigation on Drying Characteristics and Proposed Kiln Schedules of 

Plantation Teak at Different Ages in Bago Region 

 

Su Su Hlaing, Assistant Research Officer  

Forest Research Institute 

 

Abstract 

 In this research, drying characteristics and proposed kiln schedules of plantation teak 

at different ages 34, 30, 25, and 20 years old in Bago Region were investigated.  Each sample 

tree was used for each age and wood specimens were prepared parallel to growth rings from 

the heartwood portion which is free from defects, knots and decay.  A quick-drying test by 

Terazawa (1965) was used in this experiment.  The results showed that no initial checks 

(grade 1) were observed but mild to moderate deformations (grade 3) were found in four ages 

of plantation teak. There was no internal check (grade 1) in 20 and 25 years old plantation 

teak whilst moderately small and large internal checks (grade 3) were observed in 34 and 30 

years old plantation teak. Deformation and internal checks are related to initial temperature 

and relative humidity. Therefore moderate schedule should be used to prevent these 

characteristics. Based on the drying characteristics, two proposed kiln schedules were 

developed in this study. The proposed kiln schedule (D44W44) for 34 and 20 years old 

plantation teak was similar to those of 14 years old plantation teak from Yetashe Township, 

25 years old plantation teak from Leway Township, and 37 and 32 years old plantation teak 

from Wuntho Township which have been tested previously.  But, this proposed kiln schedule 

for 20 years old plantation teak was found to be slightly milder than the schedule from 

Oktwin Township and Wuntho Township. Similarly, the proposed kiln schedule (D45W45) for 

30 years old and 25 years old plantation teak in this study was milder than the schedule for 30 

years old plantation teak from Thandwe Township and slightly higher than the proposed kiln 

schedule for the 25 years old plantation teak from Leway Township.  According to the 

findings, plantation teak at different ages had slight differences in drying characteristics, and 

proposed kiln schedules were also a little different. However, being plantation teak of the 

same species, 25 mm thick lumber obtained from these ages can be mixed and dried together. 

If the lumber dries together, the proposed kiln schedule (D44W44) with the moderately higher 

initial-final temperature range of 60-85˚C, initial-final wet bulb depression range of 5-30˚C 

and initial-final relative humidity range of 77-23 % should be used to prevent deformation 

and internal checks. At the end of the drying process, equalization and conditioning treatment 

should be carried out to obtain more uniform moisture content and to relieve drying stress 

within and among the lumbers.      

    

Key Words: deformation, honeycombing, initial check, initial-final temperature, initial-final 

relative humidity, plantation teak, quick drying test 
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Investigation on Drying Characteristics and Proposed Kiln Schedules of 

Plantation Teak at Different Ages in Bago Region 

 

1.  Introduction 

 Teak (Tectona grandis Linn.f.) is one of the most highly valuable tropical hardwood 

species in the international market for the production of high quality timber due to its many 

favorable properties. It grows naturally in India, Myanmar, the Lao People’s Democratic 

Republic, and Thailand, and it is harvested at approximately 80 years old (Damayanti et.al,  

2018). Wood from natural teak or old grown teak has better quality with being quite stable 

and durable. Natural teak trees in Myanmar, India, and Thailand are mostly cut down three 

years after being girdled (Tint et. al., 1995). At that time, the moisture content of the cut teak 

was around 25-30%. The lumbers obtained from these logs are also partially dried, reducing 

drying time with fewer defects (Chit, W., 2019). Teak is included in moderately refractory 

species as far as its kiln seasoning characteristics are concerned (Mya, 1996 and Gupta et.al., 

2017). It can be dried well and is not liable to check, split, and warp but it is relatively slow 

(Mya, 1966).  

 Nowadays, due to the shortage of older teak trees and the use of plantation teak, 

traditional logging often results in cracks in the tops of the logs as the wood dries faster. The 

wood obtained from the operation of the logs is also cracked. As a result, unlike wood from 

older natural teak, wood from plantation teak tends to crack in furniture because of the high 

variation of moisture content in the wood and harvesting at different ages. This harvesting 

rate results in a lesser quality in wood (Kollert et.al, 2012). Therefore, more maintenance 

requires making up lesser quality wood from plantation teak, and only drying the wood can 

solve these problems to utilize efficiently and ensure high quality wood products.  

Wood drying is a critical part of most wood product manufacturing processes. Kiln 

drying has become one of the most important reducing moisture content in wood and has 

minimized structural distortion and wood defects. The drying ability of wood depends on the 

initial moisture content, density of wood, and drying condition (Korkut et.al, 2007). The 

drying of wood also causes various drying defects such as end check, surface check, 

honeycombing or internal check and deformation due to transferring heat and mass during 

drying (Yin, et.al 2021). Drying defects are any characteristic or blemish in a wood product 

and reduces the product’s intended value. Drying characteristics of wood depends on certain 

factors such as tree age, position within the tree, board thickness and width, cutting pattern, 

climate, location and latitude, initial moisture content (Berrocal, et.al, 2017), density of 

wood, wood species, drying method, and drying schedule (Simpson,199; Wengert, 2006). An 

appropriate kiln drying schedule is an important factor in determining the success of the 

drying process. The differences in temperature and humidity during wood drying affect the 

grade of the final products (Carlsson, et. al, 1998). Kiln drying schedules vary based on 

species, initial moisture content, thickness, defects, and end-uses of lumber (Effah, 2014).   

A major challenge for wood-based industries in wood drying is to minimize energy 

consumption, drying time, and costs, and finally to reduce the loss of product due to drying 

defects. It is, therefore, important to understand the drying characteristics and the proper kiln 

schedules which are basic requirements in processing timber and finished products from 

different ages of plantation teak. 
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2.  Objectives 

The objectives of this study are:  

(1) to investigate the drying characteristics of plantation teak at different ages 

(2) to formulate the proper kiln schedules based on the drying characteristics  

(3) to improve the efficiency of the wood drying process of plantation teak at different 

ages by using these kiln schedules  

3.  Materials and Method  

3.1.  Materials  

3.1.1.  Sample collection, preparation, and equipment 

Different ages 20, 25, 30 and 34 years of plantation teak in Bago Region were studied 

in this study.  Three ages 25, 30 and 34 years of plantation teak were collected from Taung 

Zarmani Reserve, Bago Township, and 20 years old plantation teak was collected from 

Latpen Aung Mya Reserve, Bago Township. Each sample tree was collected for each age and 

eighteen flat-sawn green specimens from the heartwood portion of the logs, which are free 

from defects, knots, and decay, were prepared into 20 mm x 100 mm x 200 mm in thickness, 

width, and length, respectively. After preparation of the required size, sawdust adhering to 

them was removed, the specimens labeled on the surface, and green moisture content 

maintained within each plastic container of water before running the test.   

 Equipments used in this research were laboratory oven (operating temperature 

103±2oC), electric balance (weighing range 0-3,000g, minimum readability 0.1g), digital 

caliper (maximum length 150 mm, minimum readability 0.05 mm) to measure length and 

width of defects and deformation. 

3.2.  Method 

The method used in this experiment was the Quick Drying Test at 103±2ºC developed 

by Terazawa (1965) which was modified and adjusted by Jankowski (1992) and Hisada et.al. 

(1986).  This method was originally designed and developed at the Forestry & Forest Product 

Research Institute of Japan (FFPRI).  Experimental procedures are as follows:   

3.2.1.  Observation of drying characteristics or drying defects  

Before running the test, each specimen was weighed and recorded as initial weight to 

calculate the initial moisture content of the samples. Six specimens were experimented in 

each drying test and specimens were placed stand erect at more than 75 mm apart each to 

heat evenly in the oven at the temperature of 103 ± 2°C. During the drying experiment, at the 

first eight hours, the test specimens were weighed to get the change in sample masses, and 

initial checks including surface checks, end checks, and end-to-surface checks were critically 

observed, measured, and recorded.  Afterwards, re-weighing, observations and measurement 

were made twice daily on the second and subsequent days until oven-dry condition was 

reached. During drying and monitoring processes, checks occurring, movements of the 

maximum check, and check closing were observed and recorded.  

When the test specimens reached the oven-dry condition, they were taken out from 

the oven and the final weights of all samples recorded.  The moisture content of each sample 

was calculated according to the standard formula based on the oven-dry weight. Afterwards, 

the test specimens were cut in half to observe honeycombing and to measure the deformation.  

Deformation was determined with reference to the guidelines of the Quick Dry Test, and the 

mean value was determined. Likewise, the number of honeycombs and their sizes on newly 

exposed faces were examined and counted carefully. 
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3.2.2.  Classification of drying characteristics or defects 

 The measurements of checks, deformation, and honeycombing were decided by the 

scaled values ranging from 1 to 6 for initial checks and honeycomb, from 1 to 8 for 

deformation (Tables 1 and 2).  

Table 1. Classification of initial checks based on Terazawa (1965) and modified by 

Jankowski (1992) and honeycombing  

Class no 
Initial Checks Honeycombing 

(internal checks) End check(mm) Surface check(mm) 

1 No check No check No check 

2 Small checks Small checks Large 1  

Small 2 L<10 W< 0.8 L<50  W<0.5 

3 Small checks Small to medium checks Large 2 

Small 4-5  

Large 1 &  small 3 

L >10  W< 0.8 5<L<100 1<W<1 

4 Medium checks Medium to large checks Large 4  

Small 7-9  

Large 1 & small 4-6 

 L<10 0.8<W<1.5 L<150  W<1.5 

5 Medium to large checks Large checks  Large 6-8  

Small 15  

Large 4 & small 6-8 

 L>10 0.8<W<1.5 L >150 W>1.5 

6 Large checks  Large15-17 small 

checks appearing 

continuously 
 L >10  W >1.5   

Note: L = check length,  W= check width  

Source: Jankowski (1992) , Terazawa (1965)  

 

Table 2.  Classification of Deformation 

Deformation No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 

A-B (mm) 0~0.3 0.3~0.5 0.5~0.8 0.8~1.2 1.2~1.8 1.8~2.5 2.5~3.5 > 3.5 

Source: Terazawa (1965)  

3.2.3.  Kiln Schedule Determination 

The patternized kiln schedule code number for each age of plantation teak was 

determined from the cross points of the straight lines drawn using a combination of initial 

checks-D1, deformation-D2, honeycombing-D3, and initial moisture content Ua by Figure 1 

and 2. 
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Figure 1. Chart for the code number of patternized dry-bulb temperature schedule (based on 

Hisadaet.al, 1986) 

 

 

Figure 2. Chart for the code number of patternized wet-bulb depression schedule (based on 

Hisadaet.al, 1986) 

After getting the schedule code number, the values of dry bulb temperature (DBT) 

and wet bulb depression (WBD) were determined by using moisture content as an indicator 

from Tables 3 and 4. These values were combined with the relative humidity values, and used 

to develop the proposed kiln schedule. 

 

 

 

W24 
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Table 3. Patternized dry bulb temperature schedule  

 

Source:  Hisada et.al. (1986) 

 

Table 4.  Patternized wet bulb depression schedule 

 

 

 

 

 

 

 

 

 

 

Source: Hisada et.al. (1986)  

4.  Results and Discussion  

4.1.  Observation and classification of drying characteristics 

Table 5 shows the average values of initial moisture content, types, and degree of 

drying characteristics of plantation teak at four different ages from Bago Region.  

Table 5. Initial moisture content, types, and degree of drying characteristics of four different 

ages of plantation teak from Bago Region 

Age group 

(year) 

Initial moisture 

content (%) 

Degree of drying characteristics 

Initial Checks Deformation Honeycombing 

34 years old 94.29 1 3 3 

30 years old 109.51 1 3 3 

25 years old 112.64 1 3 1 

20 years old 93.04 1 3 1 

Dry bulb temperature for each schedule type ( C ) 

Wet bulb depression for each schedule type ( C ) 
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The average initial moisture content values of 20 years old, 25 years old, 30 years old, 

and 34 years old plantation teak were 93.04%, 112.64%, 109.51%, and 94.29% respectively.  

The average initial moisture content value was investigated to determine the proposed kiln 

schedule of plantation teak at four different ages. Drying rate and susceptibility to drying 

characteristics or defects are related to the moisture content of wood, and kiln schedules are 

usually based on moisture content. At the beginning of the Quick-Drying Test, due to the 

high moisture content, the fibers in the outer wood dry first and begin to shrink. However, the 

inner has not yet begun to dry and shrink. Therefore, the inner prevents the outer wood from 

shrinking completely. Therefore, the outer goes into tense and the inner into compressed 

causing a defect of the wood, i.e. surface check, end check, internal check, or honeycombing 

and deformation.   

In observation of the drying characteristics, 34, 30, 25, and 20 years old plantation 

teak showed no occurrence of initial checks (D1). Since initial checks were not found, four 

ages of plantation teak owned the same rank with the lowest scoring level of 1. Mild to 

moderate deformations (D2) were observed in four ages of plantation teak and average values 

were 0.6 mm in 20 years old plantation teak and 0.8 mm in the remaining three ages. The 

results showed that four ages of plantation teak were found in the same grade of deformation 

3. It is assumed that deformation occurs due to the high content of initial moisture. In general, 

higher moisture content causes the wood sample to warp (Ofori, et. al, 2005 and Basri et al., 

2015). Deformation can be caused by differences between radial and tangential shrinkage in 

the wood when it dries (Simpson,1991). At the same species, the wetter the wood is, the 

higher the difference between tangential and radial shrinkage (Basri, et. al, 2019). Severe 

deformation on the cross-section of the board is a serious defect and the presence of these 

defects in dry wood causes difficulties in further processing. It affects the wood quality 

(Yuniarti, 2017). 

Honeycombing or internal check (D3) was not found in 20 and 25 years old plantation 

teak and classified as the same grade 1, whereas moderately small and large internal checks 

(honeycombing) were observed in 34, and 30 years old plantation teak with the same grade 3.  

The formation of honeycombing is affected by the initial moisture content of the wood, the 

wood mass loss, the presence of pith and the fast drying process (Johansson, 2005 as cited in 

Yang and Normand, 2012). It could weaken the wood’s strength (Phonetip et al., 2017 as 

cited in Basri, et. al, 2019), thus affecting its quality and value. Deformations and 

honeycombing of plantation teak at different ages are shown in Figure 3 to 6. 

 

 

           

        

 

 

 

 

Figure 3. Deformation and honeycombing  Figure 4. Deformation and honeycombing  

 in 34 years old plantation teak  in 30 years old plantation teak 
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Figure 5. Deformation in 25 years old  Figure 6. Deformation in 20 years old 

plantation teak    plantation teak 

4.2.  Determination of patternized kiln schedule codes 

 There are 25 patterns of kiln schedule codes; from the mildest schedule D11-D15, to the 

highest schedule D51-D55 for dry-bulb temperature (DBT), and also from mildest schedule 

W11-W15, to the highest schedule W51 - W55 for Wet-bulb depression (WBD).   

Based on the drying characteristics and initial moisture content, a kiln schedule 

(D44W44) was proposed for 34 and 20 years old plantation teak, and a kiln schedule (D45W45) 

was proposed for 30 years old and 25 years old plantation teak. 

4.3.  Formulation of proposed kiln schedules  

A proposed kiln schedule determines temperature and relative humidity based on the 

type and degree of defects. Based on the schedule code number as shown in Table 3 and 

Table 4, dry bulb temperatures (DBT), wet bulb depressions (WBD), and moisture contents 

(MC) at each step of the drying process were determined as follows:  

  According to schedule code D44W44, the step of dry bulb temperature changes were 

60; 65; 70; 75; 80; 85˚C and wet bub depression values were; 5;7;9;13;18;24;30˚C for 34 and 

20 years old plantation teak.  D45W45 was expressed the temperature changes 60; 65;70; 75; 

80; 85˚C and wet bub depression values 5; 6; 8; 11; 14; 19; 25; 30˚C for 30 and 25 years old 

plantation teak. Together, the dry-bulb temperature and the wet-bulb depression determine 

the relative humidity. 

 The classification of moisture content levels with adjustments was expressed as 

follows:  Above 65; 65~55; 55~45; 45 ~ 35; 35~25, 25 ~ 20, 20~ 15, and less than 15% as the 

final step in the drying process were for 34 and 20 years old plantation teak.   Above 75; 75~ 

65; 65 ~ 55; 55 ~ 45; 45 ~ 35; 35 ~ 30; 30 ~ 25; 25 ~ 15; less than 15% as the final step of the 

drying process were for 30 and 25 years old plantation teak.  After determining the values, 

detailed the proposed kiln drying schedules were set up as shown in Tables 6 and 7.  

Table 6.  Proposed kiln schedule (D44W44) for 34 and 20 years old plantation teak  

Step no. Moisture content Range (%) DBT(˚C) WBD(˚C) WBT(˚C) R.H(%) 

1 Above 65 60 5 55 77 

2 65 ~ 55 60 7 53 69 

3 55 ~ 45 60 9 51 62 

4 45 ~ 35 65 13 52 51 

5 35 ~ 25 70 18 52 40 

6 25 ~ 20 75 24 51 30 

7 20 ~15 80 30 50 22 

8 15 to Final 85 30 55 23 

DBT= Dry Bulb Temperature, WBD = Wet Bulb Depression, RH = Relative Humidity 
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 This schedule D44W44 is described by moderately higher temperature and relative 

humidity at the start of drying to effect faster moisture diffusion and surface evaporation.  

The initial temperature of 60°C is held constant until the moisture content is reduced to 45%, 

while the relative humidity (RH) is gradually reduced to maintain fast drying.  As the drying 

process goes on, the moisture content of wood will decrease, and the dry bulb temperature is 

gradually increased from 60°C to 85°C until to reach the target final moisture content.     

According to schedule D44W44, 25 mm thick lumber of 34 and 20 years old plantation 

teak should be dried at moderately higher initial-final temperature range of 60˚- 85˚C, initial-

final wet bulb depression range of 5˚-30˚C and initial-final humidity range of 77-23 % with 

changes in moisture content. 

Table 7. Proposed drying schedule (D45W45) for 30 and 25 years old plantation teak 

Step no. Moisture content Range (%) DBT(˚C) WBD(˚C) WBT(˚C) R.H(%) 

1 Above 75 60 5 55 77 

2 75 ~ 65 60 6  54 73 

3 65 ~ 55 60 8 52 66 

4 55 ~ 45 65 11 54 57 

5 45 ~ 35 65 14 51 48 

6 35 ~ 30 70 19 51 38 

7 30~ 25 75 19 56 40 

8 25 ~ 15 80 25 55 30     

9 15 to Final 85 30 55 23 

DBT= Dry Bulb Temperature, WBD = Wet Bulb Depression, RH = Relative Humidity 

This schedule is also described by moderately higher temperature and relative 

humidity at the start of drying. The initial temperature of 60°C is held constant until the 

moisture content is reduced to 55%. The relative humidity (RH) is decreased gradually to 

maintain fast drying. From moisture content 55% to the target final moisture content, dry 

bulb temperature is gradually increased from 60°C to 85°C to induce faster moisture 

diffusion from the interior to the surface of the wood.  

According to schedule D45W45, moderately higher initial-final dry bulb temperature 

range of 60- 85˚C, initial-final wet bulb depression range of  5-30˚C, and the initial-final 

humidity range of 77-23% with the moisture content changes should be used in the drying of 

25 mm thick lumber from 30 and 25 years old plantation teak to get below 10% moisture 

content. However, in this schedule, it can be found that the initial wet bulb depression range 

is a little bit larger, and humidity range is lower than the schedule D44W44 until the moisture 

content of 30% is reached.  After that, the different condition applies until the moisture 

content of 15% is reached, and the drying condition is the same at the final step. Schedule 

D45W45 is a little severer than schedule D44W44. It is due to the higher initial moisture content 

in 30 and 25 years old plantation teak. Table 8 summarizes the Quick Dry test results of 

plantation teak at different ages. 
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Table 8.  Summary of Quick dry test results of plantation teak at different ages 

Age group 

(year) 

Initial 

moisture 

content 

(%) 

Grade of drying 

characteristics 

Proposed Drying 

Condition(ºC) 
Patternized 

schedule 

codes 
Initial 

Checks 

Defor

mation 

Honey

Comb 

Initial 

DBT 

Initial 

WBD 

Final 

DBT 

34 year old 94.29 1 3 3 60 5 85 D44W44 

30 year old 109.51 1 3 3 60 5 85 D45W45 

25 year old 112.19 1 3 1 60 5 85 D45W45 

20 year old 93.04 1 3 1 60 5 85 D44W44 

 

4.4.  Comparison of drying characteristics and proposed kiln schedules of plantation   

teak at different ages in this study and the previous studies  

Drying characteristics and proposed kiln schedules of 34, 30, 25, and 20 years old 

plantation teak in this study are compared with those of 30, 25, and 20 years old plantation 

teak in the previous studies.  Some other plantation teak tested as 37 years old, 32 years old 

and 14 years old plantation teak is also included for comparison as shown in Table 9. 

Table 9.  Comparison of drying characteristics and proposed kiln schedules of plantation 

teak at different ages in this study and other study 

Ages  

(year) 

Location 

(Township) 
MC % 

Grade of 

Drying 

characteristics 

Proposed 

kiln 

schedule 

Schedule 

code 
Remarks 

In
it

ia
l 

ch
ec

k
s 

D
ef

o
rm

at
io

n
 

H
o
n
ey

 c
o
m

b
 

In
it

ia
l 

D
B

T
(º

C
) 

W
B

D
 (

ºC
) 

F
in

al
 D

B
T

 (
ºC

) 

37 Wuntho  87.27 1 2 1 60 5 85 D44W44 Hlaing, S. S 

et.al, 2021 

34 Bago  94.29 1 3 3 60 5 85 D44 W44 This study 

30 

Thandwe  67.10 1 1 1 70 5 90 D55 W43 Soe, A. et.al., 

2009 

Bago  109.51 1 3 3 60 5 85 D45 W45 This study 

32 Wuntho  98.34 1 2 1 60 5 85 D44W44 Hlaing, S. S. 

et.al., 2021 

25 

Lewe  88.30 1 1 1 60 5 85 D44 W44 Soe, A. et.al., 

2009 

Bago  112.64 1 3 1 60 5 85 D45 W45 This study 

20 

Oaktwin  100.20 1 1 2 60 5 85 D44W45 Soe, A.et.al., 

2009 

Bago  93.04 1 3 1 60 5 85 D44W44 This study 

Wuntho  102.67 1 2 2 60 5 85 D44W45 Hlaing, S. S. 

et.al., 2021 

14 Yetashe  86.69 1 1 1 60 5 85 D44W44 Soe, A. et.al., 

2009 

The comparison shows that all plantation teak at different ages investigated are 

insusceptible to initial checks. But 34, 30, 25, and 20 years old plantation teak in Bago 
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Township are susceptible to deformation like 37, 32, and 20 years old plantation teak from 

Wuntho Township. On the other hand, 34 and 30 years old plantation teak from Bago 

Township and 20 years old plantation teak from Wuntho Township are susceptible to 

honeycombing and deformation during the Quick Drying Test. Honeycombing and 

deformation are generally related to the initial and final temperatures and the initial relative 

humidity but not to the final relative humidity (Terazawa, 1965). The grade of deformation is 

high, indicating the wood tends to collapse, so the drying temperature should not be high 

(Terazawa. 1965).  Therefore, a moderate schedule should be used to prevent deformation 

and honeycombing.   

The proposed kiln schedule (D44W44) for 34 and 20 years old plantation teak from 

Bago Township is similar to those of 14 years old plantation teak from Yetashe Township, 25 

years old plantation teak from Leway Township (Soe, et. al, 2009) and 37 and 32 years old 

plantation teak from Wuntho Township (Hlaing, et. al., 2021) although drying characteristics 

are different.  It can be said that, the drying characteristics are a few different due to the 

difference in regions and ages, but the proposed kiln schedules are the same.  

But, the proposed kiln schedule (D44W44) for 20 years old plantation teak from Bago 

Township in this study is found to be slightly milder than the schedule from Oktwin 

Township (Soe, et. al, 2009) and Wuntho Township (Hlaing, et. al, 2021).  Similarly, the 

proposed kiln schedule (D45W45) for 30 and 25 years old plantation teak from Bago Township 

is found to be milder than the schedule for 30 years old plantation from Thandwe Township 

(Soe, et. al, 2009) and a little severe than the proposed kiln schedule for 25 years old 

plantation teak from Leway Township (Soe, et. al,2009). Listyanto (2010) stated that the 

most recommended drying schedule for wood from 25 years old teak in Java is the schedule 

with an initial dry bub temperature in 70⁰C, relative humidity in 71% and the final 

temperature in 90⁰C.  It can be said that the proposed kin schedule is slightly different, just as 

drying characteristics differ due to the same age but different location.  The reason possibly 

lies on the difference in initial moisture content. According to the previous study by Soe, et. 

al, (2009), 25 mm thick lumbers could be steam kiln dried without any defects to obtain the 

target moisture content of 8-10% by proposed kiln schedule D44W44 for 25, 14 years old 

plantation teak and D44W45 for 20 years old plantation teak.  

For that reason, 25 mm thick lumber from 34, 30, 25, and 20 years old plantation teak 

in Bago Township can be mixed and dried together because of plantation teak of the same 

species.  If the lumber dries together, schedule (D44W44), which is a milder one among the 

proposed kiln schedules of plantation teak at different ages tested should be used. In 

schedules D44W44 and D45W45 from this study, although initial dry bulb temperatures at the 

start of drying are the same, the wet bulb depression in schedule D45W45 is larger than that of 

schedule D44W44. The larger wet-bulb depression and the lower relative humidity (RH) in the 

proposed kiln schedule D45W45 may induce faster drying. Even if the dry bulb temperature is 

held constant as in schedule (D45W45), lowering the RH would lead to the higher drying 

potential of the air and rapid drying. Wengert (1991) stated that rapid or extremely fast drying 

causes splits and checks. Initial checking is strictly related to initial relative humidity and less 

to initial temperature (Ofori, 2010). To prevent checks and splits, the large wet bulb 

depression value should not be used in the early stage of drying, and drying conditions should 

be slow. Moderately refractory woods including teak can be dried free from defects with 

moderately rapid drying conditions (i.e. a maximum dry-bulb temperature of 85°C can be 

used) (Redman, 2000 as cited in Effah, 2012). Therefore, the proposed kiln schedule 

(D44W44) would be better for preventing drying defects and may be moderately rapid drying 

without defects or with as few defects as possible. 
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5.  Conclusion 

According to the results obtained from this study, it can be concluded as follows: 

Plantation teak at different ages 34, 30, 25, and 20 years old in Bago Region were 

susceptible to deformation (class 3), but there was no occurrence of initial checks in the early 

stages of drying (class 1).  Honeycombing or internal checks were not found (class 1) in 20 

and 25 years old plantation teak, whereas moderately small and large internal checks were 

observed (class 3) in 34, and 30 years old plantation teak. 

Based on the drying characteristics, two proposed kiln schedules, (D44W44) for 34 and 

20 years old plantation teak and (D45W45) for 30 and 25 years old plantation teak were 

developed in this study. The proposed kiln schedule (D44W44) for 34 and 20 years old 

plantation teak is similar to those of 14 years old plantation teak from Yetashe Township, 25 

years old plantation teak from Leway Township and 37 and 32 years old plantation teak from 

Wuntho Township. But, this proposed kiln schedule for 20 years old plantation teak is 

slightly milder than the schedule from Oktwin Township and Wuntho Township.  Similarly, 

the proposed kiln schedule (D45W45) for 30 and 25 years old plantation teak in this study is 

milder than the schedule for 30 years old plantation teak from Thandwe Township and 

slightly severer than the proposed kiln schedule for the 25 years old plantation teak from 

Leway Township.   

According to the findings, plantation teak at different ages had slight differences in 

drying characteristics, and proposed kiln schedules were also a little different.  However, 

being plantation teak of the same species, wood from 34, 30, 25, and 20 years old plantation 

teak in Bago Region can be mixed and dried in the same kiln.  If the wood dries together, the 

proposed kiln schedule (D44W44) with the moderately higher initial-final temperature range of 

60-85˚C, initial-final wet bulb depression range of 5-30˚C and initial-final relative humidity 

range of 77-23 % should be used to prevent deformation and internal checks. At the end of 

the drying process, equalization and conditioning treatment should be carried out to obtain 

more uniform moisture content and to relieve drying stress within and among the lumbers. 

This drying condition would cause moderately rapid drying without objectionable 

drying defects or with as few defects as possible to reduce the production cost and energy 

consumption increasing the economic benefit. These drying schedules are intended for 25 

mm thick lumber drying. So, it is still possible to be modified based on the kiln drying 

condition and dimensional sizes of the lumber.   

These research findings would be useful for knowledge of wood properties related to 

drying and wood-based industries to make the efficient uses of plantation teak at different 

ages investigated. It is assumed that the wood from plantation teak would present satisfactory 

behavior when subject to these schedules. 
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