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Abstract 
This project evaluated a number of opportunities to coastal producers related to kiln drying issues such 
as drying practices related to high-value products, drying with superheated steam vacuum and internal 
core temperature monitoring for large timbers during the heat-up phase. In summary, this project 
included several laboratory studies to evaluate the using superheated steam/vacuum (SS/V) for drying 
7/8”x 6, green western red cedar lumber, and 8x8 and 5x(5,6,7,8,9,10,12) Douglas-fir timbers. SS/V 
drying yielded faster drying schedules when compared to the results obtained in industrial conventional 
kilns. The results obtained from the SS/V drying of WRC indicated the potential benefits of technology 
for drying specialty products especially when compared to drying times obtained with conventional 
drying (longer than 7 days).  However, the results obtained also emphasize the importance of green 
sorting that is, sorting prior to drying to optimize drying times and reduce the variation of final moisture 
content. 

For large cross section Douglas-firs the drying times were between 3 and 14 days depending on the 
severity of the drying schedule and initial moisture content distribution. The influence of moisture 
content and cross section during the early and late stages of the heating process were evaluated on 
5x5, 6x6 and 8x8 Douglas fir timbers. Thermodynamic equilibrium was reached after 20 hours 
regardless of moisture content or cross section size. The knowledge is intended to be used to design 
conventional drying schedules for large cross section timbers. 

 

 

Keywords: superheated steam vacuum drying, western red cedar lumber, large cross section Douglas-
fir timbers, heating rates 
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1 Objectives 
The overall goals and objectives are: 

• Reduce drying times and increase productivity’ 
• Improve moisture content uniformity and quality of the final product 
• Reduce energy consumption and production costs 
• Evaluate alternative drying technologies 
• Continue work on best practices 

 

The approach to address the objectives above was as follows: 

• Develop internal temp. (core) using typical schedules for 5x5, 6x6 and 8x8 
• Develop faster schedules for 2"hem-fir lbr using conventional kilns: Low temperatures, high 

WBDs 
• Develop faster drying schedules for 4x4 (similar approach to second item) 
• Develop SS/V schedules for 4x4, 6x6 and 8x8 products 
• Develop ‘drying clinic’ to address industrial issues related to kiln drying of different products 

 

2 Introduction 
To address current needs related to drying products manufactured with BC coastal species (hem-fir. D. 
fir and western red cedar), a number of initiatives were carried out in the last two years which resulted 
in significant benefits to coastal producers in the areas of: a) green sorting strategies; b) drying 
schedule modification and c) troubleshooting drying issues through analysis of drying data.  In addition, 
other new needs such as, kiln drying performance evaluation (energy and airflow) and best practices 
were identified as important areas for reducing costs and improving competitiveness of coastal lumber 
producers. Last year, consultation with representatives of BC Coastal mills resulted in additional areas 
of interest, namely: training of the changing workforce, development of faster drying schedules for 
sorted and unsorted 2” and 4” lumber hem-fir lumber, phyto-sanitary requirements, drying of larger 
timber (dimensions greater than 4 ¼”) and alternative drying technologies.  The addition of new topics 
for research clearly reflects the overall improvement of the lumber sector and the need for creating 
opportunities for new products in new markets.  Besides hem-fir and western red cedar, industry 
partners have also suggested including D. fir in kiln drying related studies especially the drying of large 
timbers (thickness > 5 inches). 

In view of the challenges faced by lumber producers to position their mills to explore new products and 
markets both domestically and internationally, it is necessary to continue to focus research initiatives to 
improve the drying of hem-fir and cedar products, increase productivity and reduce overall drying costs.  
As previously presented and still presently relevant, the framework for guiding the development of 
projects and activities to assist the coastal industry is illustrated by the following categories: 
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• Processing challenges 
• Other related needs 

 

 

Figure 1 Processing challenges and other related need regarding wood drying  

As illustrated by the diagram in Figure 1, processing challenges refers specifically to all aspects related 
to the drying operation and are, therefore, closely linked to process variables. Other related needs refer 
to all critical areas that support industrial drying (human resources, equipment & technology and 
methods applied to drying). 

Western Red Cedar (WRC) (Thuja plicata Donn) is extensively used for outdoor applications such as 
house siding, decking, fencing as well as for indoor applications such as furniture, paneling, doors, 
windows to name just a few.  WRC is prone to collapse during kiln drying and like hemlock, is also 
known to have ‘wet pockets’ which in turn, slows the drying process and potentially affect uniformity of 
final moisture content of a particular product.  Non-uniformity of final moisture content can compromise 
the quality of products used in indoor applications and therefore reduce value.  Drying times for large 
dimensions and high quality products can take 10 to 15 days for WRC and more than 20 days for hem-
fir.  In addition to increasing processing costs, those long drying times may significantly reduce 
competitiveness when compared to other species.  Thus, to compete with other products and expand 
its utilization, coastal producers need to explore opportunities to reduce drying times without 
compromising the quality of the final product. 
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Hem-fir products have a well-established position in international markets such as USA, China and 
Japan and, according to mill representatives, more stringent quality requirements and the need for 
uniform drying (MC uniformity according to target specified by the final application), are critical pre-
requisites for expanding the business and attracting more lucrative sales contracts.  Thus, there are 
today a number of equally important needs for both WRC and hem-fir products and therefore initiatives 
related to drying. In addition, coastal lumber producers face significant challenges to economically dry 
large D. fir timbers (5x5, 6x6 and 8x8).  Their drying times are usually long (more than 20 – 30 days 
depending on the product and its target final moisture content), and customers demand stringent quality 
requirements. The drying of such large timbers represents an important and unique opportunity for 
coastal producers competing with laminated products and to access new markets.  Focus on identified 
processing challenges will contribute significantly to the overall effort to better position the coastal 
industry in different markets. 

3 Value Proposition (NABC) 
According the Coast Forest Products Association1, lumber sales in 2011 increased 13% in relation to 
2010 and the activity in 2012 and 2013 increased its upward trajectory. Canada, China, Japan and the 
USA are the main markets for coastal products. Hem-fir, Douglas fir and Western Red Cedar (WRC)  
are in this order the main products manufactured by BC coastal mills.  Despite the favorable market 
conditions for coastal wood products, the industry faces formidable challenges.  For example, the 
production of coastal lumber products is quite complex due to large number of products manufactured 
and different applications.  Thus, it is practically inadequate to come up with a single definitive value to 
represent the benefit that can be realized through the drying process.  However, industry 
representatives unanimously assert the drying activity as perhaps the most important manufacturing 
area due to its complexity in view of the many variables involved.  Although the benefits to be obtained 
will vary from mill to mill and product to product, it seems reasonable to expect reduction in drying times 
in the range of 20 to 50% for certain products by either revising current drying schedules or employing 
alternative drying technologies. In certain cases, it will be of primary importance to upgrade drying 
equipment in order to realize the benefits stated above.  In parallel, it can also be estimated that energy 
consumption can be significantly reduced in view of the potential reductions in kiln residence time for 
certain products.  For example, current drying times for 2-inch green hem-fir lumber vary between 7 to 
9 days and according to the author’s experience, acceptable results can be obtained with drying times 
varying 4 to 5 days.  Thus, the several outcomes of the initiatives of the project will enable mills to: 

• Improve competiveness 
• Possibility of re-entering certain markets with some products (supplying dried products) 
• Increased productivity 
• Reduced energy consumption 
• Improved quality 

 

  

                                                
1 PricewaterhouseCoopers LLP, November 2013 
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The specific impact of the benefits listed above will vary amongst mills and therefore it is difficult if not 
impossible to generate an accurate dollar figure. On the other hand, it was clear from numerous 
discussions with mill representatives that in some cases individual mills might increase annual revenue 
in the range of $300,000 to $800,000. 

The project will be designed as a multi-year project.  Although the benefits to be obtained will vary and 
will depend on each mill situation, it is expected that drying times for most products can be by 20 to 
50%.  For example, past experience with superheated steam/vacuum drying indicated potential 
reductions of 30 to 50% of the total drying time without compromising quality results. It is estimated that 
kiln energy (heat distribution) performance evaluations will result in recommendations to ensure drying 
time reductions of 30% (for high value products) to 50% (for dimension products) as originally 
estimated.  

4 Materials and Methods 
4.1 Superheated Steam/Vacuum (SS/V) Drying of Western Red Cedar 

4.1.1 Lumber 

Green unsorted 7/8”x 6 16’ WRC lumber (Figure 2) was used in all SS/V drying runs.  All specimens 
were visually inspected for significant initial defects and weighed prior to drying.  Every kiln drying 
charge in the SS/V kiln is comprised of 40 specimens.  Packages were 4 pieces wide by 10 pieces high 
and ¾” stickers were placed at every 2 feet.  

 

 

Figure 2 WRC lumber being loaded into the SS/V kiln  
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4.1.2 The Drying Process 

The basic principle of SS/V drying is to lower the ambient pressure of the kiln by creating a vacuum 
with pressure varying between 100 mbar to 200 mbar.  Under those circumstances, water boils 
between 50 and 60 °C.  Contrary to other types of vacuum drying, SS/V drying is always carried out 
under vacuum.  During the drying schedule, the temperature inside of the kiln is set to be above the 
boiling point and as a result, the moisture leaving the wood becomes saturated steam.  In practical 
terms, the drying phenomenon during the SS/V drying process is similar to the moisture movement 
mechanism that takes place in high temperature drying (temperatures above the boiling point of water). 
However, temperatures in SS/V drying are significantly lower and as a result, the wood dried in SS/V 
kilns is less susceptible to drying defects (wood is stronger at lower temperatures). Potentially SS/V 
drying can not only dry faster but also produce higher quality lumber at the end of the process when 
compared to conventional drying schedules using elevated temperatures.  

During the drying process, temperature and moisture content probes were inserted in several species 
to monitor those variables throughout the drying process (Figure 3).  By monitoring those variables, it is 
possible to estimate drying rates and evaluate the uniformity of drying amongst specimens in the kiln.  
The relative humidity in the kiln is controlled by the internal kiln pressure and therefore it varies based 
on the schedule throughout the drying process.  The probes can be inserted near the shell and in the 
core of a specimen.  By doing so, it is possible to follow the development of moisture gradients during 
the process and make modifications to avoid steep differences which could result in excessive drying 
stresses and defects. 

 

Figure 3 Moisture content and temperature probes inserted in the lumber  

Five SS/V drying runs of green unsorted 7/8”x 6 16’ WRC lumber (Runs 7, 8 ,9 10 ad 11) were carried 
out during the present fiscal year.  Six initial SS/V drying runs (Runs 1, 2, 3, 4, 5 and 6) of the same 
material were carried out in the previous year.   
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4.1.3 SS/V Schedules 

Figure 4 and 5 illustrate respectively the SS/V drying schedule used in runs 7, 8, 9, 11 (T3 F9) and 10 
(T7 F1).  Schedule T7 F1 uses higher temperatures but lower wet bulb depression (the difference 
between the dry and wet bulb temperatures).  T7 F1 is potentially faster than T3 F9 but the relative 
humidity and therefore the equilibrium moisture content (EMC) is higher throughout the schedule to 
avoid excessive moisture content gradients in the lumber. 

  

 

Figure 4 SS/V drying schedule (T3_F9) 

  

 P1: Drying data

T 3 F 9
FU% Time °C RLF Pressure

Heating 4 56 90 0.15
T1: 40 56 70 0.12
T2: 28 61 58 0.12
T3: 20 66 43 0.11
T4: 15 71 30 0.10
Conditioning: 12 15 61 50 0.10

MC Dry-bulb Wet-bulb EMC
% °C °C %
70 30 30 18
65 56 53 18
40 56 48 11
28 61 48 9
20 66 47 6
15 71 44 5
15 61 45 8
12 61 45 8

0
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20
30
40
50
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70
80
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Figure 5 SS/V drying schedule (T7_F1) 

 
4.2 Internal Core Temperature for Large Timbers During the Heat-up 

Phase 

The rate of internal temperature during drying using a conventional kiln drying schedule is an important 
parameter for heat treatment requirements and drying modelling. The experiments were conducted in a 
conventional kiln with a capacity of 2.4 Mfbm.  Customised baffles were designed to provide proper 
airflow conditions (Figure 6). The core heating of the following products was monitored: 

• 5x5 Douglas fir, rough, # 2 structural & btr timbers (second growth), 8 feet long, 8 pieces; 
• 6x6 Douglas fir, rough, # 2 structural & btr timbers (second growth), 8 feet long, 8 pieces; 
• 8x8 Douglas fir, rough, # 2 structural & btr timbers (second growth), 8 feet long, 8 pieces. 

 

 P1: Drying data

T 7 F 1
FU% Time °C RLF Pressure

Heating 4 68 97 0.28
T1: 40 68 95 0.27
T2: 28 73 89 0.32
T3: 20 78 72 0.31
T4: 15 83 42 0.22
Conditioning: 12 15 73 50 0.18

MC Dry-bulb Wet-bulb EMC
% °C °C %
70 30 30 22
65 68 67 22
40 68 67 20
28 73 70 16
20 78 70 10
15 83 62 5
15 73 57 7
12 73 57 7
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Figure 6 Front picture of the heat tested timbers 

 
The heating schedule consisted of: 

• pre-heating for 17h, ramping temperature from ambient temperature to 65C;  
• intermediary heating for 115h, ramping temperature from 65 to 78C; 
• final heating for 68h, constant rate heating at 78C. 

 

The core temperature of all timbers was monitored for 200 hours using resistive sensors; the average 
air velocity was 515 feet/min. Moisture content (MC) was measured at the end of the heating process in 
the geometric center using a pin moisture meter and in three locations along the length using a 
capacitance moisture meter. Measurements were used to estimate the initial moisture content (MCo) 
by:  

MCo= [(1 + MCkd) * Wo – Wkd ] / Wkd        ... (1) 

Where: 

MCo  =  estimated initial MC (%) 
MCkd =  average MC at the end of drying (%) (Average based on measured positions) 
Wo =  Initial specimen weight (kg) 
Wkd =  specimen weight at the end of drying (kg) 
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4.3 Superheated Steam/Vacuum drying of large timbers 

4.3.1 Lumber 

In order to reduce drying times, minimize drying degrade and reduce the variation of final moisture 
content for large timbers alternative drying technologies were evaluated. The experiments were 
conducted in the SS/V kiln previously described. The drying of the following products was monitored 
and evaluated: 

• 8x8 Douglas fir, rough, # 2 structural & btr timbers (second growth), 8 feet long, 24 pieces, 2 
runs, target MC 13%; 

• 5x5, 5x6, 5x7, 5x8, 5x9, 5x10, 5x12 Douglas fir, rough, # 2 structural & btr timbers (second 
growth), 14 to 16 feet long, 53 pieces, 5 runs, target MC 13%. 

 

The drying charges for the 8x8’s in the SS/V kiln are comprised of 12 specimens. Packages were 3 
pieces wide by 2 pieces high and because of the short length (8 feet), 6 other specimens were placed 
lengthwise. The other cross sections were matched to use the kiln at full capacity (Figure 7 and 8). Ten 
moisture sensors were inserted in the geometric center of the timbers during each run. The weight of 
each board was measured before and after drying and MC was evaluated as previously explained. 

  
Figure 7 Front view of the timbers inside the SS/V  
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Figure 8 Douglas fir timber being loaded into the SS/V kiln  

 
4.3.2 SS/V Schedules 

The SS/V drying schedule used for the first 8x8 run (Run 1) was as follows: 

  
Figure 9 SS/V drying schedule for the first run (Run 1)  

 
The EMC is gradually lowered in order to keep the surface of the wood as wet as possible but at the 
same time create a drying gradient to compensate slower drying rates that are usually observed as the 
moisture of the wood is decreased. A number of key MC points can be identified in the SS/V schedule: 

1. 40%: typically it is the MC in industrial drying when shrinkage starts to  develop; 
2. 28%: definition of fibre saturation point (FSP); 
3. 20%: usually associated with drying stress reversal; 
4. 15%: target MC. 

 

Several problems were identified during Run 1: 

• Kiln did not achieve superheated steam conditions; 

 P1: Drying data

T 1 F 1
FU% Time °C RLF Pressure

Heating 4 50 97 0.12
T1: 40 50 95 0.12
T2: 28 55 89 0.14
T3: 20 60 72 0.14
T4: 15 65 42 0.10
Conditioning: 13 15 55 50 0.08

MC Dry-bulb Wet-bulb EMC
% °C °C %
70 30 30 24
65 50 48 24
40 50 48 22
28 55 52 18
20 60 52 11
15 65 46 6
15 55 40 8
12 55 40 8
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• The lack of superheated conditions (no enough water vapour in the atmosphere) has increased 
the amount of time required for drying step 1 (T1) by 25%, compared with the other steps; 

• The drying method, based on the time required for the maximum MC sensor to reach a key MC 
(40, 28, 20 or 15%), was considered improper for these large timbers due to a high variability in 
drying rates. Severe over-drying occurred in half of the timbers.  

 
Based on these observations the drying schedule for all the other runs was changed to T5 F2; a 
comparison between the two being illustrated in Figure 10. Also, the drying method was changed to an 
average MC of all timbers rather than maximum MC. The details of the schedule used for all the other 
runs are shown in Figure 11. 

  
Figure 10 The change in SS/V drying schedules 

  

Figure 11 SS/V drying schedule for the all the runs except Run 1  

 

 P2: Drying data

T 5 F 2
FU% Time °C RLF Pressure

Heating 4 62 95 0.21
T1: 40 62 93 0.20
T2: 28 67 87 0.24
T3: 20 72 70 0.24
T4: 15 77 40 0.17
Conditioning: 12 15 67 50 0.14

MC Dry-bulb Wet-bulb EMC
% °C °C %
70 30 30 21
65 62 60 21
40 62 60 19
28 67 63 16
20 72 63 10
15 77 56 6
15 67 51 7
12 67 51 7



FPInnovations  Page 17 

5 Results 
5.1 Superheated Steam/Vacuum (SS/V) Drying of Western Red Cedar 

A summary of the results for each of the SS/V drying runs is presented below (Table 1) 

Table 1 Summary of results  

Run # SS/V Schedule Initial MC (%) Final MC (%) Drying time (h) Notes 

7 T3 F9 44 25 21 (1) 

8 T3 F9 33 11.4 46 (2) 

9 T3 F9 33 14.3 25 (3) 

10 T7 F1 94 15.5 86 (4) 

11 T3 F9 24 14.4 13 (5) 
 

Notes : 

(1) Lumber was still wet at the end of the drying process. The initial moisture content variation was 
too high and kiln residence time was not long enough. Some specimens developed 
‘casehardening’ and exhibited large differences in moisture content between shell and core 
(Figure 3). 

(2) Lumber was pre-dried (exposed to ambient conditions) prior to drying. Over-drying occurred. 
(3) Lumber was also pre-dried but results were better than those obtained for Run 8 because the 

total kiln residence time was reduced to 25 hours. 
(4) The initial moisture content for run 10 was very high and variable. A more aggressive schedule, 

in terms of temperature, was used (T7 F1).  The results in terms of total kiln residence time 
were promising.  There was still a considerable variation of final moisture content at the end of 
the drying process which illustrates the need to reduce the variation of the initial moisture 
content by carrying out ‘green sorting’ of the lumber at the sawmill. 

(5) The initial moisture content for Run 11 was unusually low (due to time between sawing and 
drying).  As a result, the drying time was very fast and the distribution of final moisture content 
was acceptable.  

 
The results above do indicate the potential benefits of SS/V for drying specialty WRC products 
especially when compared to drying times obtained with conventional drying (longer than 7 days).  
However, the results obtained also emphasize the importance of green sorting that is, sorting prior to 
drying to optimize drying times and reduce the variation of final moisture content. 
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5.2 Internal Core Temperature for Large Timbers During the Heat-up 
Phase 

Initial and final MC’s are shown in Table 2. 

Table 2 Moisture content estimations for large cross section timbers  

Moisture 
content 

5x5's 6x6's 8x8's 

Initial Final Initial Final Initial Final 

Average 82.0 21.0 67.9 26.4 68.7 33.4 

SD 20.1 5.5 12.6 5.1 11.0 1.3 

Max 108.1 33.3 90.3 34.8 90.7 35.5 

Min 55.2 14.4 52.0 19.4 59.6 30.7 
 

Heating rates were influenced by initial MC and cross section dimensions, an increase in either of them 
resulting in slower heating rates. For comparison purposes temperature evolution during the first ten 
hours, for timber having very similar MC but different cross sections, was plotted in Figure 12. A similar 
comparison was done for timbers having the same cross section but different MCs (Figure 13). The 
difference in heating rates was more obvious during the pre-heating stage. After 20h the difference 
between ambient and timber core temperature was below 10 °C in all specimens (Figure 14). The 
results are summarised in Table 3. 

 

 

 

Figure 12 The influence of cross section over heating rate  
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Figure 13 The influence of MC’s over heating rate  

 

 

Figure 14 Maximum difference between ambient temperature and sensors  
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Table 3 A summary of internal core temperature monitoring in large cross section timbers  

Statements Facts / comparisons 

Heating rates are highly influenced by MC  
A 5x5 specimen with a MC of 108% will be 10 °C 
cooler than one at 60% MC during the initial heating 
stage 

Heating rates are highly influenced by cross 
sections 

An 8x8 will be 10 °C cooler than a 5x5 at the same MC 
during the initial heating stage 

Heating rates will reach a dynamic equilibrium 
after a certain period of time regardless of MC 
or cross section 

After 20h of heating the difference between core 
temperatures is only 1 to 2 °C for a mix of cross 
sections of 5x5, 6x6 and 8x8’s  

The minimum time to reach heat treatment 
requirements is an important parameter  

After 24h of heating at 70 °C the core of all timbers 
reached 56C 

 

5.3 Superheated Steam/Vacuum drying of large timbers 

The distributions of initial and final MC for Run 1, 8x8 Douglas fir timbers is illustrated in Figure 15. 

 

 

Figure 15 Initial and final moisture content distribution for Run 1  

 
The over-drying generated by the drying method (max MC) resulted in large cracks along two 
specimens (Figure 16). 
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Figure 16 Pictures of drying defects after Run 1  

 
Maximum and average MC evolutions during different drying stages (D1 to D4) versus time are 
illustrated in Figure 17.  

 

  

Figure 17 Maximum and average MC evolution during different drying stages (D1 to D4) in Run 1  

 
After the drying conditions were changed from T1F1 to T5F2 the overdrying was avoided and drying 
times were significantly improved. A comparison between the results obtained for Runs #1 and #2 are 
shown in Table 4. 

Table 4 Several drying results for Run 1 and Run 2  

Run # Cross section Avg IMC 
(%) 

Std 
(%) 

Avg FMC 
(%) 

Std 
(%) 

Total drying time 
(days) 

1 8x8 33 9.4 8.8 0.9 14.2 

2 8x8 40.3 7.9 14.9 2.2 8.1 
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A summary of the results for the 5” thick timbers is shown in Table 5. All runs were dry with T5 F2 
schedule. During each drying run 9 to 15 pieces with an average initial MC between 24 and 57% were 
tested. After drying 3.3 to11.5 days, the final average MC distribution was between 11.6 and 13.3% 
with a standard deviation of min 1.2 and max 2.7%. Average MC drop for Run2, Run4 and Run5 is 
shown in Figure 18. Technical difficulties didn’t allow proper data collection during Run1 and Run3. 

Table 5 A summary of the results for 5” thick timbers 

Run # # of 
timbers 

Avg IMC 
(%) 

Std 
(%) 

Avg FMC 
(%) 

Std 
(%) 

Total drying time 
(days) 

1 10 57 19.5 11.6 2.7 11.5 
2 9 27 3.5 12.8 1.2 6.4 
3 12 24 2.4 12.5 1.3 4.7 
4 15 25 5.12 13.3 1.7 3.6 
5 7 24 2.6 12.7 1.8 3.3 

Grand Average - 31.4 6.63 12.6 1.8 5.9 

 

 

Figure 18 Average MC drop for Run2, Run4 and Run5 

6 Conclusions and Discussions 
6.1 Superheated Steam/Vacuum (SS/V) Drying of Western Red Cedar 

The results obtained from the SS/V drying of WRC indicated the potential benefits of technology for 
drying specialty products especially when compared to drying times obtained with conventional drying 
(longer than 7 days).  However, the results obtained also emphasize the importance of green sorting 
that is, sorting prior to drying to optimize drying times and reduce the variation of final moisture content. 
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6.2 Internal Core Temperature for Large Timbers During the Heat-Up 
Phase  

Heating rates are highly influenced by MC and cross section values during the early stages of the 
heating process. Thermodynamic equilibrium between 5x5, 6x6 and 8x8’s, 8 feet long Douglas fir 
timbers having MCs ranging from 108 to 35% was established after 20 hours of heating at 70 °C. After 
this timeframe the difference between core temperatures was less than 2 °C. As heat treating 
guidelines for large cross section timbers (5x5, 6x6 and 8x8’s) one may use the following schedule: 10h 
to reach 70 °C (ramping procedure) plus 15 h to maintain 70 °C resulting in a total heat treatment time 
of 25h. The knowledge is intended to be used to design drying schedules for 6x6 and 8x8’s. 

6.3 Superheated Steam/Vacuum Drying of Large Timbers  

SS/V drying yielded faster drying schedules when compared to the results obtained in industrial 
conventional kilns. Based on five runs involving 5-inch thick, various widths, 14 feet long Douglas fir 
timbers carried out in this study it takes between 3 and 8 days to dry specimens with an initial MC 
ranging from 57 to 24% down to an average MC of 12.6% with a standard deviation of 1.8%. For larger 
cross sections, 8x8 Douglas firs the times are between 8 and 14 days, for an average initial MC ranging 
from 40 to 33% targeting 9-15%, depending on the severity of the drying schedule. The study showed 
that it is possible to design faster SS/V drying schedules and take advantage of low boiling point of 
water which will result in faster moisture removal mechanisms.  

.
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