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Wood Modification

Part 9: Mechanical Modification
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Mechanical Wood Modification

Wood - Polymerization
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=C ����7) ��4�� %

C= (T0-Tc) / T0 × 100 (%)

=T0 ����7) C� O[F D7H <"�& �� �:�;. ,;� mm �A cm

=Tc ����7) C� \2 D7H <"�& �� �:�;. ,;� mm �A cm

T0

Tc
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1234

~1.5 cm

~4 cm

Densified wood

Set Recovery

Set Recovery (Navi et al, 2004)
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=R O�. ���AC�� ��4�� %

R= (Tr-Tc) / (T0-Tc) × 100 (%)

=T0 ����7) C� O[F D7H <"�& �� �:�;. ,;� mm �A cm

=Tc ����7) C� \2 D7H <"�& �� �:�;. ,;� mm �A cm

=Tr O�. ���AC�� C� \2 D7H <"�& �� �:�;. ,;� mm �A cm

T0

Tc Tr

Set Recovery
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    ������� ����  �� ���

��AC ��7) ���] I�� ��
�(HPS)

High-Pressure-Steam Treatment

������� ��M�B ���]��^] �B���&(THM)

Thermo-Hydro-Mechanical Treatment
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��AC ��7) ���]I�� ��
� (HPS)

High-Pressure-Steam Treatment
  ���Ito   	�����M� � )1998 (

1 .�,*#�$ OH�� �� ���M� ���� ���F

2 . ��� <aB ��. ���+ b��  ��� �� ���M� �����
� ºC150  3,� �� �3�@�F� 

3 . ��,& �B ��7) J�M:�2MPa �� ���M� O�. ���dB  ��� (Compressive Molding)

4 . I�� �^ ��
� C� !��%�$� �� ���A�2 ��M�B �� �A�/� <�[fB)ºC200(
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��7) <aB ��� O�.
Compressive Molding

Ito	�����M� � )1998(

Chamber
Press

Steam
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Compressive MoldedLog

 ��7) <aB ��� O�.
Compressive Molding

Ito	�����M� � )1998(
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 ��7) <aB ��� O�.
Compressive Molding

Navi	�����M� � )2004(
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������� ��M�B ���] ��^]�B���& (THM)

Thermo-Hydro-Mechanical Treatment
  ���Navi    	�����M� � )2000 ،2003 (5 Navi �Heger)2004(

1 .�,*#�$ OH�� �� ���M� ���� ���F
2 . ��� <aB ��. �,. b��  ��� �� ���M� �����
� ºC150  3,� �� �10 �@�F� 

(Plasticization)

4 .��� � ��7) '�.�� �g� <��T

3 . ��,& �B ��7) J�M:�22KN!,. J��*+ <:�$ �� �� ���M� O�. ���dB  ��� 

6 .��7) Q(&

5 .�,. D7H �#&�� �B ��� ��
� PKF � ��7) '�.�� �g� <��T

1 . I�� �^ ��
� C� !��%�$� �� �A�/� O�. <�[fB(200ºC)

'��2 ��M�B
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Thermo-Hydro-Mechanical Treatment
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TH Chamber

Piston

MoldCoverDensified Wood

New reactor for wood densification and THM post-treatment (Navi et al., 2000 & 

2003; Navi & Heger, 2004)
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A) Overview of the THM machine 

B) Overview of the THM machine 

without piston and small removable 

cover 

New reactor for wood densification and THM post-treatment (Navi et al., 2000 & 

2003; Navi & Heger, 2004)

A

B
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Process of densification and post-treatment

Saturated Humidity

Temperature: 140° C 

Variable Relative Humidity: 0 to 100%

Temperature  <200°C 

Steam Pressure
Load
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Diagram of the THM densification procedure 

Temperature and duration conditions of post-treatments 

19



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification

- - 35 70 - 140 210 

6 18 30 60 90 120 180 

5 15 25 50 75 100 150 

4 13 20 40 60 80 120 

3 10 15 30 45 60 90 

2 6 10 20 30 40 60 

1 2 5 10 15 20 30 

D
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n
 o
f P
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st-tr
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tm

e
n
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in
)

200ºC 190ºC 180ºC 170ºC 160ºC 150ºC 140ºC 

Temperature  

             ������� ��M�B ��� �� '��2 ��M�B ���C 3,� � ���] ��^]  �B���& (THM)

 )Heger    �����M� �  ،2003(
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        �^ ��
� �� ��M�B 	@�
       ������� ��M�B �� I��

 �A�A�2 	A�4)�(Kinetic)�� ���M� O�. ���dB 

��4"�#$ �M� <)���^

4"�#$ �g*A��#� jH�. 	A�4)�(CrI)

 �� 	*B C� �@�F� ,*� �� ��M�B ���C 3,� 	��+ � ��� ��
� 	A�4)� �� �� ���M� �#H�� 
�B �)�� ��  ��k�F� � ��AE�"�*�B �l� C� 4�� ,*A^�) � ��. �� ��$�+���� ��  .
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           4"�#$ �g*A��#� jH�. 	A�4)� �K���(CrI)          <�[fB  ��� '��2 �����
� ��M�B �� 
  O�. ���AC��  (Set Recovery)

 )Ito   	�����M� �1998(

180ºC 200ºC
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1234

~1.5 cm

~4 cm

Densified wood

Set Recovery

Set Recovery after post-treatment 
(Navi et al, 2004)
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           4"�#$ �g*A��#� jH�. 	A�4)� �K���(CrI)   O�. ���AC�� ��   (Set Recovery)

Ito    	�����M� �)1998(
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           4"�#$ �g*A��#� jH�. 	A�4)� ��(CrI)   O�. ���AC�� ��    ,��A 9� 	��1  .
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Spruce

C=0%

SpG= 0.43 gr/cm3

Spruce

C=68%

SpG= 1.29 gr/cm3

Pine

C=0%

SpG= 0.49 gr/cm3

Pine

C=67%

SpG= 1.30 gr/cm3

          ��� ���H�$  �� �� ������� ���� ��TmB

 ��� ����7)
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�� �;.�

a) Residual pores of latewood 

cells and wood rays in 

densified wood. 

b) Wood rays in non-densified 

simple
c) Densification has transformed 

wood rays to a zigzag form shape
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 O�. ���AC��

a) Slightly opened latewood 

cells.

Partly recovered densified wood post-treated at 140°C and 4 hours processing 

time seen under confocal microscope

b) Widely opened earlywood 

cells

c) latewood-earlywood cells 

interface after soaking-drying 

test 
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Micrograph of cross-section of Beech 

under light microscopy; 

A = vessels, B = lumen 

Micrograph of cross-section of 

Beech densified by TM treatment; 

A = vessels, B = lumen.
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    D7H � �B  �� �H�� �� O�. ���AC��
 9���7)50%
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Sorption isotherms
ND: natural wood, 

2: densified wood, 

8: densified and 140°C, 3 hrs post-treated wood, 

18: densified and 180°C, 16 min post-treated wood, 

24: densified and 200°C, 4 min post-treated wood

Adsorption isotherm curves of  hydro-thermo-mechanically 

treated wood after post treatment (Navi & Girardet, 2000)
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Adsorption isotherm curves of initial, TM treated and THM

treated Beech  (Navi & Girardet, 2000)
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Swelling in the radial direction of initial, TM treated and

THM treated wood plunged into water at 18 °C  (Navi & Girardet, 2000)
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Shear strengths of initial (black colour) and densified wood  by THM treatment 

(grey colour) for Spruce and Maritime Pine respectively (average values) (Navi 

& Girardet, 2000) 

40

9   �B 23  �,. 9o�F �� <���@� 	A�4F� �����  !



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification

41



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification               �B���& ��� �� !,. ��M�B  �� ��� �� O*A�� �aK$ ��
$]��^]   �������

(THM)       !,7� ��M�B  �� ���M� � )  Navi  و Grardet ،2000(

42



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification

43



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical ModificationLab-test according test according to EN 113 tobrown rot fungus 

(Coniophora puteana) after 12 weeks incubation Welzbacher et al., (2004)
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Lab-test according test according to EN 113 tobrown rot fungus 

(Poria placenta) after 12 weeks incubation Welzbacher et al., (2004)
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Natural durability based on the decay rates of EN113 with brown 

rot fungus (Poria placenta) Welzbacher et al., (2004)

46



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification

47



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification

48



Behbood Mohebby, Dep. of Wood & Paper Sciences, Faculty of Natural Resources, P.O. Box 46414-356, Noor- Iran  

Tel.: +98-122-6253101 (-3) , Fax: +98-122-6253499 ; @: mohebbyb@modares.ac.ir , W: www.tmu.ir/wood

 �
��
���
� �
��
�

M
ec
h
a
n
ic
a
l 
M
o
d
if
ic
a
ti
o
n

������� ����
Mechanical Modification

49


