
  

 
 

COST Action FP0904 
 Thermo-Hydro-Mechanical Wood  
Behaviour and Processing 
 
 
 

Program and  
Book of Abstracts 
 
 
3rd Annual Conference 
 
"Evaluation, processing and predicting of 
THM treated wood behaviour by 
experimental and numerical methods" 
 
 
April 9-11, 2013 
Iasi, Romania 
 
 

 
 Preface ............................................................. 

Conference Organization ................................ 
Scientific Program ........................................... 
Abstracts .......................................................... 
Author Index ................................................... 

1 
2 
5 
13 
115 

 
 



 

Edited by

 

 

y: Carmen
Maria-C
"Petru P
Romani
41A, G
RO7004
Iasi, Ro
http://w
 
Editura 
Str. Pin
700109
Tel./fax
E-mail:
http://w
Editură 
 
 
ISBN: 9

COST Action F

n-Mihaela PO
Cristina POP
Poni" Institut
ian Academy
rigore Ghica
487 

omania 
www.icmpp.r

 TEHNOPRE
nului nr. 1A 
9 Iaşi 
x: 0232 2600
 tehnopress@

www.tehnopr
 acreditată C

978-973-702

FP0904 Conferen
treated wood be

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OPESCU and
PESCU 
te of Macrom
y 
a Voda Alley

ro/ 

ESS 

092 
@yahoo.com
ress.ro 
CNCSIS, cod

2-990-4 

ce"Evaluation, pr
ehaviour by exper

Ap

d  

molecular Ch

y 

m 

d 89 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

hemistry of 

edicting of THM 
merical methods" 
PIMC, Romania 



COST Action

 

Preface 
 
Book of abstr
COST Action
Hydro-Mech
“Petru Poni”
 
The main obj
chemical tran
processing th
This Action p
and industry 
industrial pro
parameters, m
consists of thr
 
WG1: Identif
WG2: Model
WG3: Innova
 
The objectiv
processing; e
occurring sim
the basis of p
the laboratory
processing ne
The conferen
as well as fro
 
The third Ac
Romania at th
of the Roman
applied resear
 
On behalf of 
kindly contrib
Popescu, Dom
I gratefully ac
preparing the 
I express my 
works in prep
Popescu, Ma
SinzianaVlad
 
Parviz Navi  
Chair of COS

n FP0904 Confere
treated wood b

racts includes th
n FP0904 third 
hanical Treate
” Institute of M

jective of COS
nsformations of
hrough collabora
provides coope
to help to ov

oduction, proce
material proper
ree Working Gr

fication of chem
ling of Thermo

ation and new p

es of this con
examine new 

multaneously wi
processing para
y research find
eeds, the devel
ce will bring to
m other countri

ction annual m
he “Petru Poni”
nian Academy. 
rch in the field 

the COST Acti
buted to this me
minique Derom
cknowledge the
scientific prog
sincere gratitu

paring the “boo
aria-Cristina P
d. 

ST Action FP09

ence"Evaluation, 
behaviour by exp

A

he scientific pro
annual meeting

ed Wood Beha
Macromolecula

T Action FP09
f wood during T
ations between 
eration and enc
vercome the ch
ess improvemen
rties and the de
roups (WGs): 

mical degradatio
o-Hydro-Mecha
products by The

nference are to
analytical met
ithin the wood c
ameters,which i
dings to indust
lopment of new
ogether experts 
ies.  

meeting will be 
” Institute of M
Established in 
of organic and 

ion FP0904 Ma
eeting: all the a

me, Wim Willem
e help of the Sc
gram.  
de to the Carm
ok of abstracts

Popescu, Corne

904 

processing and p
perimental and nu
April 9-11, 2013, 

1 

ogram and the e
g on “Evaluatio
aviour by Exp
ar Chemistry in

904 is to achiev
Thermo-Hydrou
different resear
ourages researc

hallenges in sc
nt, in understan
evelopment of 

on of wood und
anical behaviour
ermo-Hydro-Me

 present and d
thods in order
constituents and
is a real challen
trial production
w ideas, new pr
and young scie

held in beauti
acromolecular 
1949, the Insti
inorganic chem

anagement Com
authors and spec
ms and Andreja 
ientific Advisor

men-Mihaela Po
” and to the lo
elia Vasile, Ir

predicting of THM
umerical methods
PPIMC, Romani

extended abstra
on, Processing 
perimental an
n Iasi, Romani

ve a better unde
us (TH)/Therm
rchers from the
ch between res

caling-up resear
nding the relat
new products.

der Thermo- Hy
r of wood durin
echanical proce

discuss: the sta
r to better und
d to predict the
nge; to identify
n; and to get a
roducts and op

entists from Eur

iful city of Ias
Chemistry. Thi
tute has a long 

mistry, polymer 

mmittee, I would
cially the keyno
Kutnar. 
ry Committee i

pescu and Mar
ocal organizing
rina Elena Ra

M 
s" 
ia 

acts of papers pr
and Predictin

nd Numerical 
ia on 9–11 Apr

erstanding of m
mo-Hydro-Mech
e wood and mat
search groups f
rch findings, i
tions between t
. The COST A

ydrous treatmen
ng processing 
essing 

ate of art in T
derstand chem

e performance o
y the problems 
a better underst
pportunities for 
ropean academi

si one of the o
is is an Institute
tradition in fun
chemistry and 

d like to thank e
ote speakers Ca

in reviewing the

ria-Cristina Pop
 committee Ca

aschip, Elana 

 

resented at the 
ng of Thermo-

Methods” at 
ril 2013. 

mechanical and 
hanical (THM) 
terial sciences. 
from academia 
mproving full 
the processing 

Action FP0904 

nt 

THM and TH 
mical reactions 
of a product on 
in transferring 
tanding of the 
new markets. 

ia and industry 

oldest cities in 
e of excellence 
ndamental and 
physics. 

everybody that 
armen-Mihaela 

e abstracts and 

pescu, for their 
armen-Mihaela 
Parparita and 



 

Confere
 
 
Scientific 
 
Parviz Nav

Dennis Jon
George Jer
Mark Hugh
Mathieu Pe
Lennart Sa
Joseph Gril
Peer Haller
Christelle  
Ganne-Che
Carmen-M
Popescu 
 
Local Org
 
Cornelia V
Parviz Nav
Carmen-M
Maria-Cris
Irina Elena
Elena Parp
Sinziana V
 
Conferen
 
Petru Poni 
41A, Grigo
RO700487
 
 
 
 
 

 

nce Orga

Advisory C

vi 

nes 
ronimidis 
hes 
etrissans 
almen 
l 
r 

edeville 
Mihaela 

ganising Co

Vasile (PPIMC
vi (BUAS, Sw

Mihaela Popes
tina Popescu

a Raschip (PP
arita (PPIMC

Vlad (PPIMC

ce Venue 

Institute of M
ore Ghica Vo
7, Iasi, Roman

COST Action F

anization

Committee

Action Ch
Switzerland
Vice-Chair
STSM Man
WG1 Lead
WG1 Vice 
WG2 Lead
WG2 Vice 
WG3 Lead
WG3 Vice 
Switzerland
Local orga
Chemistry, 

ommittee 

C, Romania)
witzerland) 
scu (PPIMC,
u (PPIMC, R
PIMC, Roma
C, Romania)
, Romania)

Macromolecu
oda Alley 
nia 

FP0904 Conferen
treated wood be

2 

 

e 

hair (Bern 
d) 
r (SP Technic
nager (Read

der (Aalto Un
leader (Univ

der (Innventi
leader (Univ

der (Technisc
leader (Be

d) 
anizer (Petru
Iasi, Roman

)  

, Romania) 
Romania) 
ania) 
 

ular Chemist

ce"Evaluation, pr
ehaviour by exper

Ap

University 

cal Research
ing Universi
niversity, Fin
versity Nanc
a Stockholm
versity Mont
che Universi
rn Universit

u Poni Instit
ia) 

try of Roman

rocessing and pre
rimental and num

pril 9-11, 2013, PP

of Applied

h Institute of 
ity, United K
nland) 
cy 2, France)

m, Sweden) 
tpellier 2, Fr
tt Dresden, G
ty of Applie

tute of Macr

nian Academ

edicting of THM 
merical methods" 
PIMC, Romania 

d Sciences, 

Sweden) 
Kingdom) 

 

ance) 
Germany) 
ed Sciences, 

romolecular 

my 



COST Action

 

Iasi is the 
Bucharest, t
both popula
academic te
university ce
Iasi is situat
Romania, ve
Republic of
old Europea
apartment b
this crowded

 
The “Pet
Macromolec
Copou Hills
connected b
achievemen
and abroad.
has been in
research and
area of 
science and 
as well as of
 
How to get
 
Buses to/fro
Route 41: R
Route 43b: R
Trams to/fro
Route 1: Ro
Route 13: R
 
To reach the
have a 5 min

n FP0904 Confere
treated wood b

second city 
the national c
ation and cultu
erms. It is th
entre in Roma
ted in the nor
ery close to th
f Moldova. A
an style house
buildings com
d city. 

tru Poni” 
cular Chemis
s, close to the 
by public tran
ts are recogn
. For many y
n the first l
d covers prac
macromolecu
technology, o

f polymeric m

t to conferen

m “Petru Pon
Rond Copou - P

Rond Copou -
om “Petru Po
ond Copou – T
Rond Copou – 

e Institute you
n walk. 

ence"Evaluation, 
behaviour by exp

A

of Romania 
apital, in term

ural, historical
he second la
ania.  
rth-eastern pa
he border with
Ancient chur
es and comm

mpete for spac

Institute 
stry is locate

centre of the 
nsport. Its rese
nized in Rom
years, the Inst
ine of Roma
ctically the w
ular compo
organic chemi

materials. 

nce venue:

ni” Institute of
Podu Ros - Ro
- Piata Indepe
ni” Institute o

T. Vladimiresc
Tg. Cucu - Ta

u need to leav

processing and p
perimental and nu
April 9-11, 2013, 

3 

after 
ms of 
l and 

argest 

art of 
h the 
ches, 

munist 
ce in 

  

of 
ed in 

city, 
earch 

mania 
titute 
anian 

whole 
ounds 
istry, 

f Macromolec
ond CUG II 
ndentei - Iuliu

of Macromole
cu - Tatarasi –
atarasi - T.Vla

ve the bus/tram

predicting of THM
umerical methods
PPIMC, Romani

cular Chemist

us Mall - T. V
cular Chemis

– Rond Copou
adimirescu - B

m at the "Ron

M 
s" 
ia 

 

 
 

try: 

Vladimirescu -
try: 

u 
Baza 3 - Bucsi

nd Copou" sto

 

 

 

 

 CUG I 

inescu 

op. Then you 



 

 

 
 

 

COST Action FFP0904 Conferen
treated wood be

4 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 

 



 
 
 
 
 
 
 
 
 
 
 
 

Scientific  
Program 

 
 
 
 
 
 
 

 



 

09:00 – 09:30 

09:30 – 09:45 

Chairpersons

09:45 – 10:25 

09:45 

10:25 – 10:50 

 

 

 

 

 

10:50 – 11:30 

11:30 – 12:50 

11:30 

11:50 

12:10 

 

Registration 

Opening Ses

: Mark Hughes

Keynote (Ses

Two dimens
structural cha
Carmen-Mih

Poster presen

Determinatio
spruce wood
Lothar Claud

Thermal beha
Cornelia Vas

Evaluation of
Aniela Garci
Salim Hiziro

The correlat
during drying
Daniela Sova

Wood anatom
and Scots pin
Michael Altg

Coffee break

Oral Presenta

Comparison 
temperature 
pressure 
Kévin Cande
Mathieu Pétr

On-line mon
during therm
David Manne

Comparison 
during low te
Dan Ridley-E

COST Action F

Tuesda
at the Desk (co

sion 

s, Mathieu Pétri

ssion 1) 

sional correlati
anges in wood

haela Popescu, M

ntation (Session

on of dimensio
,  

der, Alexander P

aviour of some 
sile, Manuela-T

f surface quality
a Perez, Emilia
glu 

tion between w
g 
a, Venetia Sand

mical changes o
ne 
gen, Jukka Ala-

k and Poster Ses

ation (Session 1

of chemical co
under different

elier, Stéphane 
rissans 

nitoring of hyg
mal modification

es, Walter Sond

of acoustic N
emperature ther
Ellis, Barbara K

FP0904 Conferen
treated wood be

6 

ay, April 0
onference place)

issans 

ion spectroscop

Maria-Cristina P

n 1)  

onal stabilityo

Pfriem 

wood species t
Tatiana Nistor, S

y of wood com
a-Adela Salca, B

wood moisture

du, Ioan-Bogdan

on thermally m

Viikairi, Antti H

ssion 

1)  

omposition of h
t inert atmosph

Dumarçay, An

groscopicity an
n by means of n
deregger, Eberh

NDT for asses
rmal treatment
Keating, Carmen

ce"Evaluation, pr
ehaviour by exper

Ap

9, 2013 
) 

py applied for

Popescu 

of thermally m

treated with ion
Silvia Florica P

mposites as funct
Bobadilla Mald

e content and 

n Bedelean 

modified surface

Hukka, Timo T

heat treated wo
heres: nitrogen,

nélie Pétrissans

nd dimensiona
neutron imaging
hard Lehmann

sment of smal

n-Mihaela Pope

rocessing and pre
rimental and num

pril 9-11, 2013, PP

r evaluation o

modified beech

nic liquid 
atachia 

tion of weather
donado,  

air state prop

es of Norway sp

Tetri, Holger Mi

ood cured at a 
, vacuum and s

s, Philippe Géra

l changes of w
g methods 

ll stiffness cha

escu 

edicting of THM 
merical methods" 
PIMC, Romania 

of the 
p. 13 

h and 
p. 73 

p. 75 

ring 
p. 77 

erties 
p. 79 

pruce 

ilitz 
p. 81 

same 
steam 

ardin, 
p. 21 

wood 
p. 25 

anges 
p. 27 



COST Action

 

12:30 

12:50 – 14:30 

Chairperson: 

14:30 – 15:10 

14:30 

15:10 – 16:20 

15:10 

15:20 

15:40 

16:00 – 16:15 

 

 

 

16:15 – 17:00 

17:00 – 18:00 

17:00 

17:20 

n FP0904 Confere
treated wood b

Modelling th
hygro-thermo
Meeting, Par
Patrick Perré

Lunch 

Joseph Gril 

Keynote (Ses

The role of w
Dominique D

 Oral and sho

Physico-chem
chromatograp
Susanna Käll

A pseudoelas
Omar Saifou
Frédéric Dub

Strength pre
natural aging
Julien Froide

Poster presen

Experimenta
during drying
Rostand Mou
Jean-Françoi

About some 
Jakub Sandak
Ilaria Santon

Reducing set
Miha Humar

Coffee break

Oral presenta

Finite eleme
explosion of 
Muhammad M

Effects of cl
hardness of E

ence"Evaluation, 
behaviour by exp

A

he isolated and
o-mechanical 
ris, 19-20 Decem
é, Joseph Gril 

ssion 2) 

water in the HTM
Derome 

ort oral (Session

mical character
phy (IGC) 
lbom, Magnus W

stic mechanoso
uni, Rostand Mo
bois 

diction of mild
g 
evaux, Joseph G

ntation (Session

l and numeric
g process 
utou Pitti, Frédé
is Destrebecq 

chemical chang
k, Anna Sandak

ni 

t recovery of de
r, Frederick A. K

k and Poster Ses

ations (Sessions

ent modeling 
wood  
Muzamal, And

losed system h
European beech

processing and p
perimental and nu
April 9-11, 2013, 

7 

d combined eff
loading of w
mber 2012 

M behavior of w

n 1) 

ization of THM

Wålinder, Krist

rptive model fo
outou Pitti, Jean

d thermo-hydro

Gril, Parviz Nav

n 1&2) 

cal detections 

éric Dubois, Eri

ges to wood due
k, Dusan Paulin

ensified wood w
Kamke, Andrej

ssion 

s 2 & 3) 

of deformatio

ers Rasmuson

hydrothermal tr
h wood 

predicting of THM
umerical methods
PPIMC, Romani

fects of chemic
wood. Report 

wood 

M modified woo

toffer Segerholm

or wood materia
n-François Dest

o treatments an

vi 

of cracks app

ic Fournely,  

e to densificatio
ny, MariaPaola 

with heat treatm
a Kutnar 

n in fiber bu

reatment condit

M 
s" 
ia 

cal modification
of COST FP

od using invers

m, Dennis Jone

al 
trebecq,  

nd extrapolatio

pear in green w

on 
Riggio,  

ment 

undle during s

tions on colour

 

n and 
P0904 p. 35 

p. 15 

se gas 

es 
p. 33 

p. 29 

on for 
p. 31 

wood 

p. 83 

p. 85 

p. 87 

steam 
p. 37 

r and p. 39  



 

17:40 

18:00 

19:30 

 

Chairpersons

09:00 – 09:40 

09:00 

09:40 – 10:20 

09:40 

10:00 

10:20 – 10:50 

 

 

 

 

 

 

Charalampos

Adhesion of 
Kristiina Lai
Mark Hughe

Day conclusi

Wine tasting 

 

: Peer Haller, C

Keynote (Ses

From chemic
wood propert
Wim Willem

Oral presenta

The Behavio
of Thermally
Callum Hill, 

Effect of trea
natural weath
Róbert Néme

Poster presen

Studies on po
Jussi Rupone

Continuous W
Jörg Wehsen

Shape stabili
based adhesiv
Lars Blomqv

Effect of the
among Norw
Luigi Todaro
Nicola Moret

Determinatio
Infrared Spec
Miljenko Kla

COST Action F

s Lykidis, Petro

polyurethane c
ine, Lauri Raut
s, Andreja Kutn

ions on Session

Wednes
Christelle Ganne

ssion 3) 

cal process mo
ties  

ms, Holger Milit

ation (Session 3

ur of Sorption H
y Modified Woo

James Ramsay

atment medium
hering 
eth, László Tolv

ntations (Sessio

ost-welding hea
en, Martin Rhêm

Wood Densifica
ner, Peer Haller,

ity of THM pro
ve systems 

vist, Jimmy Joha

ermal-vacuum t
way spruce, Whi
o, Silvia Ferrari
tti, Achille Pell

on of Thermo-m
ctral Wavelengt
arić, Stjepan Pe

FP0904 Conferen
treated wood be

8 

os Konstantakos

oating on surfa
tkari, Borut Kr
nar 

ns 1 & 2 + Discu

sday, April 
e-Chedeville 

onitoring to dir

tz 

3) 

Hysteresis in th
od 

y, Lauri Rautkar

m on the colour c

vaj, Miklós Bak

on 3 & 4) 

at-treated vibrat
me, Silvia Ferra

ation Process of
, Jens Hartig, T

ocessed laminat

ansson, Dick Sa

treatment on b
ite ash and Turk
, Paola Cetera,
lerano 

modified Oak W
th Range 7.5-13

ervan, Silvana P

ce"Evaluation, pr
ehaviour by exper

Ap

s, Stavros Tsalik

ce densified Sc
ričej, Matjaž Pa

ussion on the T

10, 2013 

rect control of 

he Water Vapou

ri, Mark Hughe

change of heat 

k, Diána Csordó

tional welded w
ari, Lauri Rautk

f Circular Profi
Tom-Egmont W

ted veneer prod

andberg 

bond shear stren
key oak wood 
Ottaviano Alleg

Wood Emissivi
3 μm  

Prekrat, Aleš Str

rocessing and pre
rimental and num

pril 9-11, 2013, PP

kis 

cots pine wood 
avlič, Marko P

THM modeling 

thermally mod

ur Sorption Isot

es, Kristiina Lai

treated wood d

ós 

wood 
kari, Mark Hugh

iles 
Werner 

ducts glued with

ngth. A compa

gretti,  

ity Properties i

raže, Željko Go

edicting of THM 
merical methods" 
PIMC, Romania 

Petrič, p. 41 

dified 
p. 17 

therm 

ine 
p. 43 

during 
p. 45 

hes p. 89 

p. 91 

h bio-
p. 93 

arison 

p. 95 

in the 

orišek 
p. 99 



COST Action

 

 

10:50 – 11:20 

11:20 – 12:00 

11:20 

11:40 

12:00 – 13:00 

12:00 

12:10 

12:20 

12:30 

12:40 

12:50 

13:00 – 14:30 

Chairperson: 

14:30 – 15:10 

14:30 

n FP0904 Confere
treated wood b

Characterisat
wood by FT-
Aleš Straže, Ž

Coffee break

Oral presenta

Experimenta
welded joint 
Martin Rhêm

Challenges u
Jimmy Johan

STSM presen

Using Dynam
of thermo tre
Andreja Kutn

Durability an
heat treatmen
Mohamed El
Mathieu Petr

Experimenta
to variable lo
Omar Saifou
Julien Froide

Thermal and 
María Inés 
Antonio Pizz

Thermal beha
Carmen-Mih
Maria-Cristin

3rd Training S
Kristiina Lain

Lunch 

Dennis Jones 

Keynote (Ses

Environment
Andreja Kutn
 

ence"Evaluation, 
behaviour by exp

A

tion of chemic
-NIR spectrosco
Željko Gorišek

k and Poster Ses

ation (Session 3

l and numeric
using the Arcan

me, John Botsis,

using dielectric h
nsson, Lars Blom

ntations 

mic Mechanical
eatments of woo
nar, Robert Wid

nd chemical m
nt 
laieb, Kevin C
rissans 

l study of mech
oading and relat
uni, Rostand Mo
evaux, Parviz N

Analytical Cha
Placencia Peña

zi 

aviours of THM
haela Popescu, 
na Popescu 

School Anounc
ne, Mark Hugh

ssion 4) 

tal impact asses
nar 

processing and p
perimental and nu
April 9-11, 2013, 

9 

cal and physic
opy 

k, Stjepan Perva

ssion 

3 & 4) 

cal investigatio
n setup 
, Joël Cugnoni, 

heating for THM
mqvist, Dick Sa

l Analysis (DM
od 
dmann, Iris Bré

modifications of

andelier, Stéph

hanosorptive hy
tive humidity 
outou Pitti, Jean

Navi 

aracterization o
a, Carmen Mi

M densified woo
Gabriela Lisa

cement 
hes 

ssment of THM

predicting of THM
umerical methods
PPIMC, Romani

cal properties 

an, Anna Sandak

ons of mecha

Parviz Navi 

M processing o
andberg 

MA) for fundam

émaud 

f four Tunisian

hane Dumarcay

ygro-lock effec

n-François Dest

f Welded Beech
haela Popescu

od 
, Julien Froide

M products 

M 
s" 
ia 

of thermo-mod

k, Jakub Sanda

anical propertie

of solid wood 

mental understan

n wood species 

y, Philippe Gera

ct in wood subj

trebecq,  

h 
, Frédéric Pich

evaux, Parviz N

 

dified 

k 
p. 101 

es of 
p. 49 

p. 53 

nding 
p. 61 

after 

ardin, p. 63 

jected 

p. 65 

helin, p. 67  

Navi, p. 71 

 

p. 19 



 

15:10 – 15:50 

15:10 

15:30 

15:50 – 16:30 

 

 

 

 

 

 

 

16:30 – 17:00 

17:00 – 17:40 

17:00 

17:20 

17:40 

 

Oral presenta

Influence of 
VOC and ald
Regula Mose
Thomas Volk

Structural, e
wood profile
Cristoph Man

Poster presen

Set-recovery 
soaking-dryin
Kristiina Lain

Bonding perf
Andreja Kutn

Baltic Sea n
wood modifi
Alexander Pf

Fatigue beha
Georg Behr, 

Gluing ability
Anne Lavale

Influence of h
Viktor Savov

Thermo-Hyd
exposed to fi
Abdoulaye S
Maxime Aud

Coffee break

Oral presenta

Products me
Mechanical P
Dennis Jones

Preliminary 
Turkey oak (
Silvia Ferrari
Mario Marra

Day conclusi

COST Action F

ations (Session 

thermo treatm
dehyde emission
er, Thomas Lore
kmer, Urs Von 

economic and 
s vs. solutions m
nthy, Edeltraut 

ntations (Sessio

of densified 
ng-cycles 
ne, Lauri Rautk

formance of den
nar, Aleš Ugovš

etwork for effi
cation processe
friem, Mario Za

aviour of VTC a
Holger Militz, 

y of Pinus Pina
tte, Gérard Elbe

hot-pressing re
v, Julia Mihailo

dric behaviour o
ire 
Samake, Patricio
debert, Abdelha

k and Poster Ses

ations (Session 

eeting Needs: 
Processing of W
s, Edo Kegel 

tests of combi
(Quercus cerris
i, Luigi Todaro

a  

ions on Session

FP0904 Conferen
treated wood be

10 

4)  

ment on wood p
ns 
enz, Philipp Ha
Arx, Peter Niem

environmental 
made of steel an
Guenther, And

on 3 & 4) + 1 an

and thermally

kari, Mark Hugh

nsified VTC be
šek, Frederick A

icient and susta
es 
ander, Lothar C

and untreated be
Frederick A. K

aster depending 
ez, Alain Coint

gimes at MDF 
ova, Cvetelin Ev

of dowelled and

o Palmili, Must
amid Bouchaïr

ssion 

3 & 4)  

Applying Th
Wood to its Full

ined steaming 
s L.) wood  
, Ignazia Cuccu

ns 3 & 4 + Discu

ce"Evaluation, pr
ehaviour by exper

Ap

physical-mecha

ass, Frédéric Pic
mz 

performance 
nd concrete  

dreas Heiduschk

nnouncement 

y modified wo

hes 

eech bonded wit
A. Kamke, Mil

ainable wood p

Clauder 

eech wood 
Kamke, Andreja

on its moisture
te, Régis Pomm

production 
vstatiev 

d bolted steel-to

tapha Taazount

hermal Modific
lest Potential 

and thermal-va

ui, Ottaviano A

ussion on the P

rocessing and pre
rimental and num

pril 9-11, 2013, PP

anical propertie

chelin,  

of fibre reinf

ke, Peer Haller 

ood under rep

th liquefied wo
an Sernek 

processing base

a Kutnar 

e content 
mier, Michel Dan

o-timber connec

t, Philippe Aude

cation and Th

acuum treatmen

llegretti,  

Products meetin

edicting of THM 
merical methods" 
PIMC, Romania 

s and 

p. 55 

forced 
p. 57 

peated 
p. 97 

ood p. 103 

ed on 
p. 105 

p. 107 

nis p. 109 

p. 111 

ctions 

ebert, p. 113 

hermo-
p. 59 

nt on 

p. 51 

g Needs 



COST Action

 

19:30 

 

09:00 – 10:00 

10:00 – 10:40 

10:40 – 11:10 

11:10 – 12:20 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

n FP0904 Confere
treated wood b

Conference d

WG groups m

General discu

Coffee break

MC meeting 

ence"Evaluation, 
behaviour by exp

A

dinner 

Thursd

meetings 

ussion with all 

k 

processing and p
perimental and nu
April 9-11, 2013, 

11 

day, April 1

the working gro

predicting of THM
umerical methods
PPIMC, Romani

11, 2013 

oups 

M 
s" 
ia  



 

 
 

 

COST Action FFP0904 Conferen
treated wood be

12 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



 

 
 
 
 
 
 
 
 
 
 
 
 

Abstracts 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 

Keynotes 
 
 
 
 
 
 
 
 



COST Action

 

 

Session 1 
 
Two dim

"Petru P

Keywords: g
 
Due to its uni
and is widely
furniture, pac
degraded to d
rot fungi, be
polysaccharid
and polysacc
Among the co
radicals. Thes
responsible fo
The character
procedure. Sp
the structure 
modifications
Generalized 
information i
spectroscopy 
applications 
correlation ap
IR ATR spe
circular dichr
etc. In genera
as a function 
reaction, opti
groups have a
crystals, Lang
wood, etc. 
The fundame
patterns of sp
variables. The
comparative s
spectral varia
The generalis
 

n FP0904 Confere
treated wood 

ensional co

Carme

Poni" Institute o

generalized 2D 

ique and useful 
y used (tools, p
ckaging, and m
different extent
longing to the 
des. A third gro
charides either 
onstituent polym
se react with ox
or colour chang
rization of woo
pectral techniqu

of wood cons
s.  
2D correlation
n different spec

evolved in th
of various for

pproaches in oth
ectroscopy [4],
roism, X-ray ab
alized 2D corre
of any physica

ical pumping o
adopted 2Dcorr
gmuir–Brogett 

ental concept go
pectral intensity
e intensity of 2
similarity or dis

ables, ν1 and ν2
sed 2D correlati

ννΦ ),( 21

ence"Evaluation, 
behaviour by exp

A

orrelation s
structur

en-Mihaela PO

of Macromolecu
m

correlation spec

properties, wo
paper, building
many other pro
ts by various gr

Ascomycetes 
oup, also Basidi

simultaneously
mers, lignin is 
xygen to produ
ges [2]. 
od involving di
ues are widely u
stituents and ch

n spectroscopy 
ctroscopic stud
he field of N
rms of 2D NM
her field of spec
, fluorescence 
bsorption, gel p
lation spectrosc
al or chemical v
r concentration
relation analysi
films and biolo

overning 2D co
y variation alon
D correlation s
ssimilarity of sp
, during a fixed
ion function is d

ννΨ+ ),(i) 21

processing and p
perimental and nu
April 9-11, 2013, 

13 

spectroscop
ral changes

 
OPESCU, Mari

 
ular Chemistry 
ihapop@icmpp

 
ctroscopy, lime

od has remaine
s, bridges, gua
oducts [1]). Th
roups of organi
and Basidiomy
iomycetes and k
y or successiv
an excellent lig

uce chromophor

ifferent structur
used as simple 
hemical change

is a well-esta
dies of polymers
NMR spectrosco

MR certainly 
ctroscopy such 

spectroscopy,
permeation chro
copy, the chang
variable, e.g. tim
n. Following th
is to study e.g. 
ogical molecule

orrelation spect
ng the external 
spectrum X(ν1, 
pectral intensity
d interval. 
described by: 

−π
=

TT(
1

mmax

predicting of THM
umerical methods
PPIMC, Romani

py applied 
s in wood 

ia-Cristina PO

of Romanian A
p.ro 

e wood 

ed an important 
ardrails, railroad
he main compo
isms. Both the 

ycetes, respectiv
known as white
vely. Wood is 
ght absorber lea
ric carbonyl and

ral degradation
methods for ob

es taking place

ablished method
s. The original 
opy several de
influenced the
as: FT-IR and 
UV-Vis spec

omatography (G
ge in the spectra
me, temperatur

he pioneering w
self-associated

es, such as pep

troscopy is a qu
variable t obser
ν2) represents 

y variations y(ν

⋅ω∫
∞

)(Y~
) 0 1

min

M 
s" 
ia 

for evaluat

OPESCU 

Academy, Iasi, R

substance throu
d ties, posts, po
onents of the 
so-called soft r

vely, decompo
e rot fungi, attac

also a good l
ading to the for
d carboxyl grou

s/modifications
btaining rapid i
e in wood due 

d which can p
concept of mu
ecades ago. T
e early develo
Raman spectro

ctroscopy, bire
GPC), molecula
a alteration can
re, pressure, ten

work of Noda, m
d molecules, po
ptides, proteins,

uantitative com
rved at two dif
the quantitative
ν, t) measured a

ωω⋅ d)(Y~ *
2

 

 

tion of the 

Romania 

ughout history 
oles, mulches, 
cell walls are 
rot and brown 

ose mainly the 
cks both lignin 
ight absorber. 

rmation of free 
ups, which are 

s is a complex 
information on 

these various 

provide useful 
ultidimensional 
The successful 
opment of 2D 
scopy [3], FT-
fringence [5], 

ar dynamics[6] 
n be monitored 
nsile, chemical 
many research 
olymers, liquid 
, cellulose and 

mparison of the 
fferent spectral 
e measure of a 

at two different 



 

defines the sy
The most imp
overlapped b
dimension, un
interaction m
Generalized t
changes occ
modification 
or modificatio
 
References: 

1. A.C
Han

2. D.N
199

3. H. 
191

4. P. W
5. K. N
6. P. H

190
7. M.-

in N
Pub

 
Acknowledg
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ynchronous and
portant features
bands, enhance
nambiguous ass
echanisms, and
two-dimension
urring when 
conditions. It i
on during the ap

C. Wiedenhoeft
ndbook of Woo
N.S. Hon, N. Sh
91 
Huang, Y. Hu,

175-19183, 200
Wu, H.W. Siesl
Nakashima, S. 
Haider, Y. Che
06-1912, 2005 
-C. Popescu, C.
New Trends in N
blishers, 71-111

ments: This pa

COST Action F

d asynchronous 
s of this techniq
ement of spec
signments throu

d determination 
nal correlation 

wood is subj
is also possible 
pplied treatmen

ft, R.B. Miller,
d Chemistry an
hiraishi, Wood 

 J. Zhang, H. S
05 
ler, Chem. Phys
Yashuda, Y. Oz

en, S. Lim, G.L

. Vasile, Gh. Si
Natural and Sy

1, 2007 

aper is supporte

FP0904 Conferen
treated wood be

14 

correlation inte
que are the simp
ctral resolution
ugh the correlat
of the sequenc
spectroscopy c
ected to diffe
to predict the m

nts. 

 Structure and
nd Wood Compo
and Cellulosic 

Sato, H. Zhang

s. Lett. 374, 74-
zaki, I. Noda, J

L. Haller, L. Pfe

ingurel, 2D IR c
ynthetic Polyme

d by the COST

ce"Evaluation, pr
ehaviour by exper

Ap

ensities [7]. 
plification of th
n by spreadin
tion of bands se
e of the spectra

can be also us
erent degradati
mechanisms of

d function of w
osites, CRC Pre
Chemistry, Ma

g, I. Noda, Y. O

-78, 2003 
J. Phys. Chem. A
efferle, D. Ciup

correlation spec
er Science, G.E

T Action FP0904

rocessing and pre
rimental and num

pril 9-11, 2013, PP

he complex spec
ng bands along
electively coup
al modifications
ed to evaluate
ion factors or
f the componen

wood, in R.M. 
ess, 2005 
arcel Decker In

Ozaki, J. Phys. 

A 104, 9113-91
paru, J. Am. Ch

ctroscopy in po
E. Zaikov (ed.), 

4 

edicting of THM 
merical methods" 
PIMC, Romania 

ctra consisting 
g the second 

pled by various 
s. 
 the chemical 
r to different 
nts degradation 

Rowell (ed.), 

nc., New York, 

Chem. B 109, 

20, 2000 
hem. Soc. 127, 

olymer studies, 
Nova Science 



COST Action

 

 

Session 2 
 

Fluids and 

 
Keywords: p
 
Wood, due to
moisture is ac
prediction of
process requi
coupled man
approach, wh
exact geomet
model is use
Such advanc
determination
 

Figure 1. Sw
DVS for

As the applic
relative motio
interface heat
by material d
friction weldi
entangled wo
material, suc
equations is s
total incremen
In the simula
hot plate. Co
constant temp
connected to 
68 kg/m3 (in 
moisture con
moisture con

n FP0904 Confere
treated wood 

The role

porous materia

poromechanical

o its biological
ccompanied wit
f the behavior 
res that the hyg

nner. We propo
here its multisca
try of wood c
d to take into 
ced modelling
n of inputs and 

welling strains 
r earlywood (le

ation case, we 
on of the two w
ts up, inducing
deformation (pl
ing presents a 

ood fibers are dr
ch as lignin an
solved by mean
ntal approach [

ation, constant t
onvective heat 
perature of 250
a power supply
equilibrium wi

ntent with a re
ntent distributio

ence"Evaluation, 
behaviour by exp

A

e of water i

Dom

als, Laboratory 
domini

 approach, swe

l origin, has th
th swelling/shri
of wood com

gric, thermal an
ose a comprehe
ale implementat
cellular structu
account the su

g requires hig
for its validatio

 
vs moisture con

eft) and latewoo

consider frictio
wood pieces, un
g plastic deform
lastic deformat
densification a
rowned into a m
nd hemicellulo
ns of FEM meth
[5] and is able t
temperature at 
and mass tran
0°C is maintai
y. The wooden 
ith 80%RH). Th
solution of 100
ons are compa

processing and p
perimental and nu
April 9-11, 2013, 

15 

in the HTM
 

minique DERO
 

of Building Sci
ique.derome@e

lling, nonisothe

he capacity to 
inkage and soft

mponents under
nd mechanical (
ensive framew
tion provides th

ure, using com
ubcellular comp
gh resolution 

on, as shown in 

ntent determine
od (center) [2,3]

 
on welding of w
nder pressure n

mation and part
ion) and frictio

and some physi
matrix of soften
ses. For this p
hod using our o
to solve fully c
the bottom line
sport occurs on
ined at the bot
sample is 40 b

hermal neutron 
0g/kg3. In the 
ared. The mod

predicting of THM
umerical methods
PPIMC, Romani

M behavior 

OME 

ience and Techn
empa.ch 

ermal, vapor an

interact with w
tening/hardenin
rgoing environm
HTM) behavio

work using a fu
he capacity to ta
putational hom
posite-like orga

experimental 
Figure 1.   

ed from synchro
]. Diagram of sw

wood, a solid-sta
normal to the w
ial chemical de
on. The bondin
ical and chemic
ned and partly r
problem, the s
own Fortran cod
coupled thermo-
e simulates the 
n the two side
ttom of the spe

by 40 mm2 and 
radiography al
Figure 2, the 

deling results 

M 
s" 
ia 

of wood 

nology, Empa, 

nd liquid transpo

water. Sorption
ng of its stiffnes
mental loading
r of wood are c

ully coupled po
ake into accoun

mogenization. A
anization of the

data for the

otron Xray tom
welling coeffic

ate joining proc
welded plane, w
egradation. Hea
ng interface tha
cal transformat
reticulated woo
system of coup
de which follow
-hygro-mechan
boundary cond

e faces. In the 
ecimen using a
its initial mois
lows the determ
modeling and
are in agreem

 

Switzerland 

ort 

n/desorption of 
ss. The correct 
g or industrial 
considered in a 
oromechanical 
nt, directly, the 
A hierarchical 
e material [1]. 
e appropriate 

 
ography and 
ients [4]. 

cess due to the 
where the joint 
at is generated 
at results from 
tions, whereby 
od intercellular 
pled nonlinear 
ws an iterative 

nical problems. 
dition with the 
experiment, a 

a metallic foil 
sture content is 
mination of the 
d experimental 
ment with the 



 

experimental 
well with the
the weld line 
 

Figure 2. Si

In isothermal
shrinkage usi
wood sample
for samples w
than for low d
non-affine co
structural cap
composition t
observations 
Figure 3. 

Figure 3. Ce

References: 
1. A. Ra

2012 
2. D. De
3. D. De

3680-
4. A. R

Macr
5. P. Mo

media
 

Acknowledgm
and Dr. Marjan
the Tomcat be
Switzerland. SN

 

results. As a v
 experimental r
and plastic def

imulation (left)

l experiment at 
ing high resolut
es of different p
with controlled
density samples
omponent. The 
pacity to show 
that allows for 
of small subset

ell configuration
that is men

afsanjani, D. D

erome, M. Griff
erome, A. Rafs
-3698, 2012 

Rafsanjani, Mu
roscopic Scale, 
oonen, Contiuo
a. PhD thesis, K

ments: The contri
n Sedighi Gilani 
eamline, SLS, PS
NF Sinergia gran

20 30

10

20

30

40

0

Width (mm)

h
ei
gh
t(
m
m
)

COST Action F

verification, the 
results. The mo

formation for th

 and experimen

the cellular sc
tion images obt
porosities (Figu
d moisture sorp
s. Swelling/shri
reversibility o

a persistent cel
moisture-induc

ts of cells durin

n during succes
nded during we

Derome, F.K. W

fa, M. Koebel, J
fsanjani, A. Pat

ulti-scale Poro
PhD thesis, ET

ous-discontinuou
Katholieke Univ

ibutions of Aless
and Prof. Jan Ca

SI and neutron ra
nt no. 125182 is ac

40 10

10

20

30

40

0

Wid

h
ei
gh
t(
m
m
)

FP0904 Conferen
treated wood be

16 

simulated chan
odeling efforts 
he prediction of 

ntal (center) mo
 

ale, we quantif
tained by phase
ure 1). The reve
ption history. T
inkage due to a

of the swelling/
llular geometry
ced transitional

ng swelling/shri

ssive moisture c
etting, and comp

 

Wittel, J. Carm

J. Carmeliet, J.
tera, R. Guyer,

oelastic Model
TH Zürich, 2013

us modelling of
versiteit Leuven

sandra Patera, Ah
armeliet are ackn
adiography perfo
cknowledged. 

40

20

0

20

40

60

80

∆MC (kg.m

20 30 40
dth (mm)

ce"Evaluation, pr
ehaviour by exper

Ap

nge of total mo
are now aiming

f the densificatio

 
oisture content d

fy the affine str
e contrast synch
ersibility of the

The deformation
d/desorption of
/shrinkage indi
y for a given m
l states. Howev
nkage reveals a

content states (l
parison of states

meliet, Compos

Struct. Biol. 17
, J. Carmeliet, 

l: Bridging th
3 
f hygrothermal 
n, 2009 

hmad Rafsanjani
nowledged. Synch
ormed at Neutra 

0

0

0

0

m3)

0 2 4
11

12

13

14

15

tim

m
oi
st
u
re
 c
on
te
n
t 
(%

 k
g/
k
g)

 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

oisture content v
g at including g
on of wood at th

 
distribution and

rains during the
hrotron X-ray t
e swelling/shrin
n is more hyste
f water vapour d
cates that the m

moisture state an
ver, a collection
a shape memory

left) with initial
s (right)[3]. 

. Sci. Technol.

73, 180-190, 20
Philosophical 

he Gap from

l damage proce

, Saeed Abbasion
hroton tomograph
beamline, SINQ

4 6 8 10
me (min)

 

experiment
model

edicting of THM 
merical methods" 
PIMC, Romania 

vs time agrees 
gas pressure at 
he weld line.  

d total (right) 

e swelling and 
tomography of 
nkage is found 
eretic for high 
displays also a 
material has a 
nd a structural 

n of qualitative 
y capacity, see 

 
l deformation 

 72, 544-551, 

011 
Magazine 92, 

m Cellular to 

esses in porous 

n, PhD students 
hy performed at 

Q, PSI, Villigen, 



COST Action

 

 

Session 3 
 

From

1F
2Wo

Keywords: t
monitor 
 
The results f
properties of 
can be mappe
that the wood
reducing effe
that Z is equa
for the relatio
tentative mea
experimental 
 

Figure 1. van
The coordin

any point 
indicates t

Douglas fir
∆x<0 and 

n FP0904 Confere
treated wood 

 chemical p

Firmolin Techno
ood Biology and

thermally modi

from previous 
thermally mod

ed into a van K
d thermo-chemi
ect (∆Z<0). It w
al to the averag
on between x a
asure of durabil

moisture sorpti

n Krevelen diag
nates are molar
(x,y) to the carb
the composition
r (data [3]: close
∆Z<0. The com
universal to at

ence"Evaluation, 
behaviour by exp

A

process mo
modifie

Wim WILL

ologies BV, Gro
d Wood Produc

in

ified wood, ele

research [1,2]
dified wood are 
Krevelen diagram

ical reactions h
was shown that 
ge carbon oxida
and the moistur
lity). Both simp
ion and durabil

ram for therma
r elemental ratio
bohydrate refer
n trajectory for 
ed circles, untre
mposition data f
t least 9 widely 

processing and p
perimental and nu
April 9-11, 2013, 

17 

onitoring to
ed wood pr

 
LEMS1,2, Holge

 
ote Bottel 7a, 5
cts, Georg-Augu
nfo@firmolin.co

 
mental compos

 on the conne
reviewed. Brie

m (Figure 1) an
have an overall 

the x=O/C-rati
ation state of w
re content and 
ple models show
ity data.  

ally modified wo
os x=O/C and y
rence line y=2x
increased inten
eated: open circ
from other sour
different therm

predicting of THM
umerical methods
PPIMC, Romani

o direct con
operties  

er MILITZ2 

753 PE Deurne
ust University G
om 

sition, durabilit

ection between 
efly, changing e
nd compared to 
dehydration (∆
io is a measure

wood. Parameter
between Z and

wed good agree

ood, given by th
y=H/C. |Z|=|2y-x
x (Z=0). The bro
nsity of saturate
cle). The traject
rces appear to f

mally treated wo

M 
s" 
ia 

ntrol of ther

e, The Netherlan
Göttingen, Germ

ty, moisture co

elemental com
elemental wood
pure carbohydr

∆x<0) as well a
e of the polarity
r-free models w
d a relative oxi
ement between 

 
he empirical fo
x| is the vertica
oken line with a
ed steam heat-tr
tory runs in the 
follow the same
ood species [4].

 

rmally 

nds 
many  

ontent, process 

mposition and 
d compositions 
rates, showing 
s a chemically 
y of wood and 
were presented 
idation rate (a 
predicted and 

ormula CHyOx. 
al distance of 
arrow point 
eatment on 
direction of 

e trajectory, 
 



 

The overall c
composition a
analysis of ex
been implem
follow the dev
 
References: 

1. W. 
EC

2. M. 
225

3. P.S
4. M. 

bee
Net
201
(Da
Pac
200

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

composition cha
analysis, but al
xhaust gases du

mented in an in
velopment of ∆

Willems, C. M
CWM6 Proceedi

Chaouch, M. P
59, 2010 
. Lam, PhD-Th
Chaouch, M. 

ech, poplar). M
therlands, 2005
11 (Data on Do
ata on Mongolia
cific Internation
02. (Data on pin

COST Action F

ange in thermal
lternatively – a
uring the modif
dustrial therma
∆Z, a measure fo

Mai, H. Militz,
ings. Ljubljana,
Pétrissans, A. Pé

hesis, UBC Van
PhD-Thesis, N

M.J. Prins, P
5. (Data on wi
ouglas fir). T. D
an pine) M. Pac
nal Symposium
ne, birch). 

FP0904 Conferen
treated wood be

18 

lly modified wo
s a consequenc
fication process
al wood modifi
for the degree of

, The Sixth Eu
 Slovenia, 497-
étrissans, P. Gé

ncouver, Canada
Nancy Universi
PhD-Thesis, Ei
illow). P.S. La
Ding, L. Gu, X
ch, R. Zanzi, E.

m on Combustio

ce"Evaluation, pr
ehaviour by exper

Ap

ood can be mea
ce of conservati
s. Such an arra

fication plant in
f modification, 

uropean Confer
-504, 2012 
érardin, Polym.

a, 2011 
ity, France, 20
indhoven Univ
am, PhD-Thesis
X. Liu BioResou

. Björnbom, In 
on and Energy

rocessing and pre
rimental and num

pril 9-11, 2013, PP

asured by CHN
ion of mass and

angement, whic
n the Netherlan
during the prod

rence on Wood

Degrad. Stab. 

011. (Data on 
versity of Tec
s, UBC Vanco
urces 6(2), 188
the proceeding

y Utilization. K

edicting of THM 
merical methods" 
PIMC, Romania 

N(O)-elemental 
d species – by 

ch has recently 
nds, is able to 
duction run. 

d Modification 

95(12), 2255–

pine, fir, ash, 
chnology, the 

ouver, Canada, 
80-1889, 2011. 
gs of: 6th Asia-
Kuala Lumpur, 



COST Action

 

 

Session 4 
 

U

Keywords: c
 
With sustaina
thermo-hydro
holistic appre
decay resista
which have n
untreated woo
bad choice fro
With sustaina
selected mate
the materials
reveal the en
products thro
numerous m
developed. T
Ecopoints 97
acidification, 
contamination
focused on en
on greenhous
expressed in 
gases.  
In Europe, c
accompany p
are increasing
based tool to 
worldwide fo
methodology 
impact of the
(2012). The c
Environmenta
an assessmen
before it is t
omitted. Ana
sources in pro
Carbon footp
commonly al
of carbon dio
kg of wood 

n FP0904 Confere
treated wood 

Environm

University of P

carbon footprint

able design bein
o-mechanical (T
eciation. These

ance, and struct
not been addres
od might have 
om an environm
ability being th
erials should be
 used. Therefo

nvironmental an
ugh the whole 

methodologies t
The most comm
7 and Eco-indic

eutrophicatio
ns, usage of res
nvironmental ef
se gas emission
terms of the a

carbon footprin
roducts and ser
gly being used 
communicate 

or all interested
(ISO 14044, P

ermally modifi
carbon footprint
al impact of the
nt of a partial 
transported to t
alysis included 
oduct productio
print calculates 
so referred to a
xide equivalent
contains appro

ence"Evaluation, 
behaviour by exp

A

mental impa

An

Primorska, Andr
and

t, EPD, heat tre

ng a necessity, 
THM) treated w
e performance 
tural performan
sed comprehen
significantly hi

mental standpoi
he driving forc
e included in pl
ore, the Life C
nd energy perfo
life cycle. Sinc
to classify, ch
mon, for exam
cator 99 (PRé 
on, thinning 
sources and gre
ffects like acidi

ns (GHG), whic
amount of emit

nt is gaining 
rvices. Furtherm
for assessment
the environmen
d companies an
PAS 2050) the 
ed wood heat 
t of the beech w
e thermally trea
product life cy
the consumer).
transportation 

on, and waste re
the amount of 

as global warmi
t (CO2eq.). App
oximately 0.5 

processing and p
perimental and nu
April 9-11, 2013, 

19 

act assessm
 

ndreja KUTNA
 

rej Marusic Inst
dreja.kutnar@up

 
ated wood, LCA

it is important 
wood, but also c
metrics are em
nce. Sustainabi

nsively. A THM
igher embodied
int.  
ce in the creati
lanning, conside

Cycle Assessme
ormances of th
ce the 1980s, w
haracterize, an
mple CML 2 
Consultants, 2
the ozone la

eenhouse gas em
ification and eu
ch are also calle
tted carbon dio

immense impo
more, environm
t of building pr
ntal performanc
nd organization
goal of the stu
treated accordi

wood thermally 
ated wood was 
ycle from man
. The use phas

of material to
esulting from pr
f GHG emission
ing potential (G
proximately 50 
kg of carbon, 

predicting of THM
umerical methods
PPIMC, Romani

ent of THM

AR 

titute, SI-6000 
pr.si  

A 

to not only con
consider other p

mbodied energy
ility forces us 

M treated wood 
d energy over it

ion of a buildin
ering the life cy

ent (LCA) meth
he used materia

when LCA analy
nd normalize 
(2000), IPCC 

2010), are focu
ayer, various 
missions. At fir
utrophication, w
ed carbon footp
oxide or its equ

ortance and ex
mental product d

oducts. An EPD
ce of a product
ns. Therefore, f
udy was to obje
ing to the proc
treated at 210°
analyzed with 

nufacture ('crad
se and disposal
o the factory, 
roduct producti
ns caused by a

GWP). It is mea
% of dry timbe
which equates

M 
s" 
ia 

M products

Koper, Sloveni

nsider the perfo
performance m
y over the prod

to take holisti
that performs b

ts lifecycle. Thi

ng, environmen
ycle and embod
hodology shou
als, as well as 
ysis was develo
environmental 
Greenhouse g

used on followi
types of ec

rst, LCA analys
while in the pas
print. The carbo
uivalent of oth

xpected to be 
declarations (EP
D is a standard
t or system, and
following the c
ectively prove 
cess developed 
°C for 3 hours w

the “Cradle-to
dle') to the fact
l phase of the 
electricity and
on. 

a particular acti
asured in tones 
er is elemental c
s to 1.83 kg o

 

s 

ia 

ormance of the 
metric to gain a 

duct lifecycle, 
ic approaches, 
better than the 
is will make it 

ntal impact of 
died energy of 

uld be used to 
the developed 

oped, till today 
effects were 

gas emissions, 
ing indicators: 
otoxicity, air 
sis was mostly 
st years mostly 
on footprint is 

her greenhouse 

mandated to 
PD) of type III 
dized and LCA 
d is applicable 
common LCA 
environmental 
by Rep et al. 

was calculated. 
-gate” variant, 
tory gate (i.e., 

product were 
d other energy 

ivity or entity, 
(or kilograms) 
carbon; thus, 1 
of CO2. When 



 

calculating a 
In this study,
footprint of e
modified bee
wood was 16
kg CO2e. The
 

Table 1. Carb

 
Water 
Electricity 
Kiln-dried sa
Transport 
Carbon footp
CO2eq. sequ
NET carbon 

The results sh
carbon footpr
phase were n
treatment. Ho
consumption 
and/or shorter
recycling of t

References: 
1. ISO

guid
2. PA

goo
3. PRé

http
4. G. 

mod
Silv
Scie
(ed

 
 
 
 

 

carbon footprin
, the carbon foo
emission source
ch wood are sh

61 kg CO2e, wh
erefore the NET

bon footprint o

awn wood 

print 
estered  
footprint 

howed that ene
rint of thermally
not included in
owever, it can 
of the therma

r treatments. Fu
thermally treate

O 14044 Envir
delines, 2006 
S 2050 Specifi

ods and services
é Consultants: I
p://www.pre.nl/
Rep, F. Pohlev
dification by a
vapro wood, in
ence and Techn
s.), 11-17, 2012

COST Action F

nt, whether to in
otprint and NE
es and their con
hown. The calc
hile the carbon s
T carbon footpri

f emission sour
m3 of therm

rgy consumptio
y modified bee

n the study, wh
be concluded

al modification 
urthermore, the

ed wood at the e

ronmental man

ication for the 
s, 2008 
Impact assessm
/simapro/impac
ven, S. Košme

a procedure wi
n Proceedings.
nology, D. Jone
2 

FP0904 Conferen
treated wood be

20 

nclude this stor
T carbon footp

ntribution to the
ulated carbon f
sequestrated in 
int was – 821 k

 
rces and their co
mally modified 

Carbon foot
[kg CO2e

0.79 
57.4 
79.2 
23.3 
161 
982 

- 821
 
 

on of the therm
ch wood. Howe

hich might dim
d that in order 

process should
e studies should
end of single pr

 

nagement – Li

assessment of 

ment methods. 2
ct_assessment_m
erl, Developme
ith an initial v
 Ljubljana: B

es, H. Militz, M

ce"Evaluation, pr
ehaviour by exper

Ap

ed carbon in tim
print were calcu
e total carbon fo
footprint of 1 m
1 m3 of therm

kg CO2e. 

ontribution to th
beech wood 
tprint 
e] 

mal treatment co
ever, the impro
inish the envir
to be environm

d be reduced b
d focus on intel
roduct life. 

ife cycle asses

the life cycle g

010 
methods.htm#E
ent of the indus
vacuum and co
iotechnical Fa

M. Petrič, F. Poh

rocessing and pre
rimental and num

pril 9-11, 2013, PP

mber is a much 
ulated. In Table
footprint of 1 m
m3 of thermally

mally modified b

he total carbon 

Contribution to
carbon footpr

0.5 
35.7 
49.2 
14.5 
100 

 
 

onsiderably con
oved properties 
ronmental impa
mentally friend
by using lower
lligent concepts

ssment – Requ

greenhouse gas

EP97. 
strial kiln for 

ommercialisatio
aculty, Departm
hleven, M. Hum

edicting of THM 
merical methods" 
PIMC, Romania 

debated issue. 
e 1 the carbon 

m3 of thermally 
y treated beech 
beech was 982 

footprint of 1 

o the total 
rint [%] 

ntributes to the 
during the use 

act of the heat 
dlier, the heat 
r temperatures 
s for reuse and 

uirements and 

s emissions of 

thermal wood 
on of modified 
ment of Wood 
mar, M. Pavlič, 



 

 
 
 
 
 
 
 
 
 
 
 
 

Oral presentations 
 
 
 
 
 
 
 
 



COST Action

 

 

Session 1 
 

Compar
same tem

Laboratoi
Faculté

 
Keywords: B
 
Wood heat t
durability an
modifications
properties [3-
differ mainly
pressure, in o
of wood cell 
the chemical 
these three pr
fact, vacuum 
The aim of th
vacuum on th
(beech) has b
performed at 
Times of the
industrial:  1
hemicellulose
Decay resista
chemical cha
untreated wo
under nitroge
degradation w

n FP0904 Confere
treated wood b

rison of che
mperature u

Kévin CAND
Ph

ire d’Etudes et 
é des Sciences e

Beech, chemical

treatment by m
nd dimensiona
s of wood cell w
-5]. Nowadays,

y by the nature 
oil ... Decay res

wall compone
and physical m

rocesses should
might modifies
his study is to 
he chemical mo
been treated un
230°C for mas

ermal treatment
10 x 65 x 2.5 c
es and a-cellulo
ance test were 
anges. Intensity
ood samples we
en and at 230
were analyzed.  

ence"Evaluation, 
behaviour by exp

A

emical com
under differ

and 

DELIER, Stéph
hilippe GERA

de Recherches 
et Technologies

kevin.cande

l composition, d

mild pyrolysis
al stability [1,
wall polymers o
, several types 
of their inert 

sistance of this 
ents and conseq
modifications d
d let knowing th
s reaction equili
determine the 

odifications oc
nder different c
ss losses result
t are about 4.5
cm (L x R x T)
oses content wer

performed on 
y of thermodeg
ere subject to 
°C during 15 
 

processing and p
perimental and nu
April 9-11, 2013, 

21 

mposition of
rent inert a
steam pres

 
hane DUMARÇ

ARDIN, Mathie
 

sur le Matériau
s, BP 70239, F-
elier@lermab.u

durability, heat

is used to im
2]. These new
occurring durin
of thermal trea
atmospheres: u
new material i

quently of treat
during the therm
he vacuum influ
ibrium and chan
effect of a new

curring during 
conditions (vacu
ing from wood
5 hours and th
). For each trea
re determined a
untreated and 

gradation was a
thermodegrada
minutes. And 

predicting of THM
umerical methods
PPIMC, Romani

f heat treat
atmosphere
ssure 

ÇAY, Anélie P
eu PETRISSAN

u Bois, EA 4370
54506 Vandoeu

uhp-nancy.fr 

t treatment, iner

mprove wood p
w properties a
ng heat treatmen
atments of woo
under nitrogen, 
s strongly corre
tment intensity
mal treatment [
uence on thermo
nge the reaction
w generation o
treatment. For

uum, nitrogen, 
d thermodegrad
he dimensions 
atment conditio
as well as mono
treated wood i

also evaluated b
ation directly in

volatile comp

M 
s" 
ia 

ted wood cu
es: nitrogen

PETRISSANS, 
NS 

0, Université de
uvre-lès-Nancy

rt atmospheres 

properties such
are the result 
nt which confer

od are used. Th
under vacuum

elated to therm
. Theses param
6]. The compa
odegradation m
n ways [7]. 

of treatment per
r this purpose, o

steam). All tre
dation of approx

of wood samp
n, extractives, 

osaccharide com
in order to eva
by TD-GC-MS
n the thermode

pounds resultin

 

ured at a 
n, vacuum 

 

e Lorraine, 
y, France 

h as its decay 
of chemical 

r to wood new 
ese treatments 

m, under steam 
mal degradation 
meters undergo 
arison between 
mechanisms. In 

rformed under 
one hardwood 
eatments were 
ximately 12%. 
ples are semi-
Klason lignin, 

mposition. 
aluate possible 
S. Treated and 
esorption tube 

ng from wood 



 

Figure 1. 

 
Results show
while lignin,h
steam and n
monosacchari
explained by
therefore acid
volatile degr
chromatograp
formed during
These results
probably und
recondensatio
treated under
vacuum. Dec
possible chem
 

Figure 2. C

 
Even if effec
improving wo

 C
o
n
te
n
t 
(%

)
 

Chemical com

w that extracts c
hemicelluloses 
nitrogen, indic
ides contents c

y the effect of
dic degradation
radation produ
phy analyses ac
g TD-GC-MS a
s may be expla
derestimated in 
on of degradati
r nitrogen are c
cay resistance t
mical changes. R

Correlation betw

ct of vacuum v
ood decay resis

0,00

20,00

40,00

60,00

80,00

Untreated

COST Action F

mposition (%) of
thermal

content were lo
and a-cellulose
ating lower w

comparatively t
f vacuum allow
 of polysacchar

ucts within the
ccording to the 
analyses.  
ained by the fa
the case of sam
on products wh
consequently m
test were perfo
Results are pres

ween weight los
atmosphere o

ersus nitrogen 
tance, which is

d Under vaccum

Atmosp

FP0904 Conferen
treated wood be

22 

f heat treated be
l treatment atm

ower in the cas
es contents were
wood degradati
to wood heat tr
wing removal 
rides due to for
e wood struct
nature and quan

act that mass l
mples treated un
hich distorts th

more degraded 
ormed on untrea
sented on Figur

ss (WL%) due t
of treatment use

and steam pres
 achieved for m

m Nitrogen

here  of heat Treateme

ce"Evaluation, pr
ehaviour by exper

Ap

eech wood (ML
osphere. 

se of wood sam
e higher in the c
ion under vac
reated under va

of volatile de
rmation of aceti
ture. This hyp
ntity of thermo

loss of 12% fi
nder nitrogen a

he true mass los
than those whi
ated and treate
re 2. 

to fungal attack
ed (ML=12%).

ssure is not ob
mass losses of ap

S team pres s ure

ent

rocessing and pre
rimental and num

pril 9-11, 2013, PP

 
L= 12 %) accord

mples treated u
case of samples

cuum treatmen
acuum. These r
egradation prod
ic acid and reco
pothesis was 
degradation vo

xed in our exp
and steam press
ss value. Wood
ich where heat 
ed wood in ord

 
ks, different fun

bvious, both tre
pproximateley 

Hollocel

C ellulos

Hemicel

L ignine

E xtractiv

edicting of THM 
merical methods" 
PIMC, Romania 

 
ding to the 

under vacuum, 
s treated under 
t and neutral 
results may be 
ducts limiting 
ondensation of 
confirmed by 

olatile products 

periments was 
sure due to the 
d samples heat 

treated under 
der to evaluate 

gies and the 

eatments allow 
12%.  

lulos e

e

lulos e

ves



COST Action

 

 

Further studie
mechanical pr
 
References: 

1. R.M
22, 

2. S. P
3. B.F
4. S. Y
5. G. N

41, 
6. M. 

225
7. O. A

366
 
Acknowledg
2013 “Structu
addition, we 
beech wood. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

n FP0904 Confere
treated wood b

es are currently
roperties. 

M. Rowell, R.E
2009 

Poncsak, D. Ko
F. Tjeerdma, H. 
Yildiz, D. Geze
Nguila Inari, M
157-1686, 200
Chaouch, M. P

59, 2010 
Allegretti, M. B
69, 2012 

ments: The au
uration du Pôle
thank the Sim

ence"Evaluation, 
behaviour by exp

A

y under investig

. Ibach, J. Mc S

ocaefe, R. Youn
Militz, Holz. a

er, U. Yildiz, Bu
M. Petrissans, J. 
07 
Pétrissans, A. Pé

Brunetti, I. Cucc

uthors gratefull
e de Compétitiv

mon Hannouz’s 

processing and p
perimental and nu
April 9-11, 2013, 

23 

gation to investi

Sweeny and T. N

nsi, Eur. J. Woo
als Roh- Werkst
uilding Environ
Lambert, J.J. E

étrissans, P. Gé

cui, S. Ferrari, M

ly acknowledge
vité Fibres Gran

team from La

predicting of THM
umerical methods
PPIMC, Romani

igate the effect 

Nilsson, Wood

od Woods Prod.
toff 63, 102-111
n. 41, 1762-1766
Ehrhardt, P. Ger

érardin, Polym. D

M. Nocetti, N. 

e the financial 
nd’Est” (Compe
abomap Cluny, 

M 
s" 
ia 

of inert atmosp

Mater. Sci. Eng

 69(2) 281-286
1, 2005 
6, 2006 
rardin, Wood Sc

Degrad. Stab. 9

Terziev, BioRe

support of the
etitiveness Fibe
for its Thermo

 

phere on wood 

g. 4(1-2), 14-

6, 2010 

ci. Technol. 

95, 2255-

es. 7, 3656- 

e CPER 2007-
ers Cluster). In 
owood treated 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COST Action FFP0904 Conferen
treated wood be

24 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



COST Action

 

 

Session 1 
 
On-line m

during 

Spallation

Keywords: 
modification 
 
Hygroscopici
high tempera
well-understo
The presented
Research with
wood by mea
hygroscopicit
/ high pressur
In contrast to
process (in-si
for hydrogen 
time practical
parallel to d
environment 
The neutron 
Paul Scherrer
sylvatica L.) 
within the ran
samples are r
limited in siz
not exceed fe
best water sen
The sorption 
this purpose, 
20, 30, 40, 50
each RH-leve
throughout th
procedures (M
referenced to
approach, the
considered re
further step, t
 

n FP0904 Confere
treated wood b

monitoring 
thermal m

David MANN

n Neutron Sourc

Hygroscopicity

ity of wood and
ature heat treatm
ood nor quantifi
d work is part o
hin the scope of
ans of neutron
ty and dimensio
re conditions) w
 other approach
itu study). Neut
(and thus chan

lly transparent 
dimensional ch
inside a special
imaging invest
r Institut (PSI),
and Norway sp
nge of 70°C to
relatively small
e to allow rapid
ew cm accordin
nsitivity [4]. 
isotherms at 15
two specimens
0, 60, 70, 80, 9
el. Neutron im
he whole trea
Mannes et al. 2
o the initial sta
e influence of sw
esulting in a ne
the dimensional

ence"Evaluation, 
behaviour by exp

A

of hygrosc
modification

NES, Walter S

ce Division, Pa
dav

y change, neu

d therefrom-ind
ment. However
ied, mainly due
of a research pr
f COST FP0904

n imaging meth
onal changes oc
with special atte
hes this study d
tron imaging of
nges of the moi
to neutrons [2]
hanges during 
lly built testing 
tigations are ca
 Villigen (CH)

pruce (Picea ab
o 150°C and po
l (30 mm x 30
d modification 
ng to the attenu

50°C of spruce 
s per species we
90, 70, 50, 30 a
aging measurem

atment. The ne
2009). To deter
ate from the st
welling and shr
egative MC for
l changes and th

processing and p
perimental and nu
April 9-11, 2013, 

25 

copicity and
n by means

 
SONDEREGG

 
aul Scherrer Inst
vid.mannes@ps

 
utron imaging

duced dimensio
r, the mechanis
e to experimenta
roject supported
4 with the topic

hods“. Its main
ccurring during 
ention to thermo
deals with chang
ffers for this an
isture content) w
. These facts al

the treatment
chamber [3]. 

arried out at the
 using relativel

bies [L.] Karst.)
ositive pressure
0 mm x 5 mm)
cycles. On the 

uation behavior

and beech are s
ere exposed to 
and 0% relative
ments were pe
eutron images 
rmine the woo
tart of the exp
inkage as well 

r the desorption
he mass loss du

predicting of THM
umerical methods
PPIMC, Romani

d dimensio
 of neutron

GER, Eberhard

titut, CH-5232 
si.ch 

g, shrinkage, 

onal changes ar
sm and level of
al difficulties an
d by the Swiss 
c: “Investigation
n goal is to imp

wood modifica
osorption [1].  
ges occurring d
n unique opport
while some me
llow to determi
t in a high t

e neutron imag
ly small sample
, which are sub
s up to 4 bar. T
). On the one h
other hand the 

r of the wood it

shown in Figure
150°C at a pos
e humidity (RH
erformed (at lea

were correcte
d moisture con
eriment (0% R
as the mass los
n curve at low 
uring the treatm

M 
s" 
ia 

nal change
n imaging m

d LEHMANN 

Villigen PSI, S

sorption isoth

re known to be
f this phenome
nd equipment c
Secretariat for 
n of thermo-sor
prove the know
ation (under hig

during the actua
tunity as it is hi
etals (e.g. Al) a
ne changes in h
temperature / 

ging facility NE
es of European 
bjected to an in-
The dimension
hand the sampl
test sample thi

tself in order to

es 1 and 2 as fir
sitive pressure o
H) for at least h
ast 15 images 
ed with standa
ntent (MC), the
RH = ovendry 
s during the tre
RHs (Figures 

ment will be acco

 

es of wood 
methods 

Switzerland 

herm, thermal 

e reduced after 
enon is neither 
constraints.  
Education and 
rptive aging of 
wledge on the 
gh temperature 

al modification 
ighly sensitive 

are at the same 
hygroscopicity 
high-pressure 

EUTRA at the 
beech (Fagus 

-situ treatment 
s of the tested 
les have to be 
ickness should 
o maintain the 

rst results. For 
of 4 bar and 0, 
half an hour at 
per RH-level) 
ard correction 
e images were 
state). In this 

eatment are not 
1 and 2). In a 
ounted for. 



 

Figure 1. S

Figure 2. S

References: 
1. H. 

Dis
2. E. L

200
3. W. 

Wo
4. D. M

 
Acknowledg
Research for 
 
 
 
 
 

 

Sorption isother

Sorption isothe

Pearson, Mater
ssertation, Univ
Lehmann, P. Vo
01 
Sonderegger, D
od Modification
Mannes, L. Jos

ments: The au
the financial su

-2

0

2

4

6

8

0

M
oi

st
ur

e 
co

nt
en

t [
%

]

-2

0

2

4

6

8

0

M
oi

st
ur

e 
co

nt
en

t [
%

]

COST Action F

rm of spruce at 

rm of beech at 

rial properties 
versity of Waika
ontobel, P. Sch

D. Mannes, E. 
n, Ljubljana, Sl
ic, .E. Lehmann

uthors would lik
upport of the pro

20
R

20
R

FP0904 Conferen
treated wood be

26 

150°C (accord
 

150°C (accordi
 

and stress mod
ato, New Zealan

herrer, P. Niemz

Lehmann, Proc
lovenia, Septem
n, P. Niemz, Ho

ke to thank the
oject. 

40
Relative humid

40
Relative humid

ce"Evaluation, pr
ehaviour by exper

Ap

ding to Sondereg

ing to Sondereg

delling of radia
nd, 2010 
z, Holz. als Roh

ceedings of the 
mber 16-18, 489
olzforschung 63

e Swiss State S

60 80
dity [%]

Ads
Des

60 80
dity [%]

Ads
Des

rocessing and pre
rimental and num

pril 9-11, 2013, PP

 
gger et al. 2012

 
gger et al. 2012

ata pine at high

h- und Werkstoff

6th European C
9-496, 2012 
3, 472-478, 200

Secretariat for E

100

sorption
sorption

100

sorption
sorption

edicting of THM 
merical methods" 
PIMC, Romania 

2, modified) 

, modified) 

h temperature, 

ff 59, 463-471, 

Conference on 

09 

Education and 



COST Action

 

 

Session 1 
 
Compar

Da

3"Petru P

 
Keywords: N
 
This paper d
techniques fo
use, accuracy
experiment in
menziesii) we
basis the sam
Elasticity (Edy

• The
• The

Impulse excit
stiffness of a
and industria
‘dynamic stif
that would b
waves propag
homogeneous
systematic an
changes in sti
Samples of p
periodically r
then reweigh
samples were
the samples s
For ultrasoni
experimental 
measurement
an average o
plus instrume
reduced the m
The impact e
materials. Th
torsional reso
factor correct
order to prov
analysed toge

n FP0904 Confere
treated wood b

rison of aco
durin

an RIDLEY-E

1

Poni" Institute o

NDT, acoustic, r

discusses the ap
or measurement
y and reliability 
n which clear 
ere heated in an
mples were rem
dyn) and radial-ta
e impulse excita
e ultrasonic tim
tation and ultra

a material non-d
al applications a
ffness’ as measu
e obtained from

gate in wood, it
s, isotropic ma
nd for a partic
iffness by acous
laned clear woo
removed, weigh
hed, measured 
e weighed again
pent in the oven
ic time-of-fligh

error), but th
ts typically rang
f 30 measurem
ent (±0.2% of 
measurement ac
excitation meth

he shape of the
onance modes o
tions in EN 843
ide better preci
ether. Due to th

ence"Evaluation, 
behaviour by exp

A

oustic NDT 
ng low temp

ELLIS1, Barbar

1Edinburgh Nap
2University o

of Macromolec
d.ridl

resonance, ultra

pplication of so
t of changes in 
of the methods
samples of Sc

n oven at 110 ±
moved from the
angential Shear
ation method (f

me of flight meth
asonic time-of-
destructively. T
although the re
ured by an acou
m a pseudo-sta
ts rate dependen
aterial behaviou
cular sample an
stic methods. 
od (four of each
hed hot and the
with digital ca

n and returned t
n. 
ht, it was foun
hat the 54 kH
ged ±0.5 µs (eq

ments this could
Edyn). In pract

ccuracy, as can b
hod employed 
e samples was 
on the same sam
3-2 and so the 
ision in the freq
he shape of the

processing and p
perimental and nu
April 9-11, 2013, 

27 

for assessm
perature th

 
ra KEATING2

 
pier University,
of Strathclyde, 
cular Chemistry
leyellis@napier

asonic, stiffness

ome simple, in
stiffness during
s are compared 

cots pine (Pinu
±2.5 °C for a tot
e oven and the 
r Modulus (Gdyn
flexural, longitu
hod (24, 54, 150
flight are both 

Their use on wo
esults obtained 
ustic technique 
atic test becaus
nt material beha
ur in the reson
nd testing meth

h species, dime
en allowed to co
allipers and by
to the oven. The

nd that all freq
Hz transducers 
quating to ±2%
d be reduced to
ice, signal nois
be seen in Figu
was based on
a compromise

mple. The aspec
more complex 

quency domain
e samples there

predicting of THM
umerical methods
PPIMC, Romani

ment of sm
hermal trea

2, Carmen-Mih

, Edinburgh, UK
Glasgow, UK 

y of Romanian A
r.ac.uk 

s 

nexpensive, aco
g thermal modif

using a case st
us sylvestris) an
tal treatment tim
small changes

n) were tracked 
udinal and torsio
0 and 250 kHz)
well-establishe

ood has becom
need to be trea
differs from th

se of the comp
aviour and the 

nance equations
hod it is a stra

ensions in Figur
ool in normal i
y the above ac
e treatment tim

quencies had s
produced the 

% in the measure
o ±0.05 µs, the
se and variabil

ure 1. 
n the standard 
e so as to obta
ct ratios were o
corrections in 

, the sound of s
e were many re

M 
s" 
ia 

all stiffness
atment 

haela POPESC

K 

Academy, Iasi, 

oustic non-destr
fication of woo
tudy of data obt
nd Douglas-fir 
me of 170 days
s in longitudina
using: 
onal resonance)
) 
ed methods for

me common in b
ated with some

he equivalent ‘s
plex ways in w
assumptions of
s. However, th
aightforward m

re 1) were heat
indoor conditio
coustic method
e was recorded

similar transit 
clearest resul

ement of Edyn),
 precision of th
lity in instrume

test procedure
ain flexural, lon
outside the limit

ASTM E1876 
several hits was
esonance peaks 

 

s changes 

CU3 

Romania 

ructive testing 
od. The ease of 
tained from an 
(Pseudotsuga 

s. On a weekly 
al Modulus of 

) 

r assessing the 
both scientific 
e caution. The 
static stiffness’ 
which dynamic 
f linear elastic, 
hese errors are 
matter to track 

ted in an oven, 
ns. They were 

ds. Finally the 
d to be the time 

times (within 
lts. Individual 
 but by taking 
he Pundit Lab 
ent calibration 

es for ceramic 
ngitudinal and 
ts of the shape 
were used. In 

s recorded and 
in addition to 



 

the basic lon
mode was cle
there were a m
shapes. By c
cases where t
There was a 
outperformed
the trend in s
than would ha
Even at this r
(~0.02%/day 
and ~0.04%/d
 

References: 
EN 843-2 Ad
temperature -
2006, ASTM
Poisson's Rat
 
Acknowledg
Edinburgh. 

 

ngitudinal, flexu
ear and unambi
multitude of ov
omparing spec
the longitudinal

high level of 
d the ultrasonic 
stiffness and by
ave been from s
relatively low t
for Scots pine 

day for Douglas

Figure 1. Av

dvanced techni
- Part 2: Deter

M E1876 Stand
tio by Impulse E

ments: This p

88%

90%

92%

94%

96%

98%

100%

102%

104%

106%

108%

0

%
 of property at 63 hours treatm

ent
2
9
3

88%

90%

92%

94%

96%

98%

100%

102%

104%

106%

108%

0

%
 of property at 63 hours treatm

ent

70 
18 
300

COST Action F

ural and torsio
guous. The lon
verlapping peak
tra for a samp
l peak was clear
f agreement be

time-of-flight m
y tracking seve
single before an
temperature, the
and ~0.01%/da
s-fir). The chan

erage of four sa

ical ceramics -
rmination of Yo
dard Test Meth
Excitation of Vi

paper was sup

2 4 6

R

E

G

0 mm Radial
3 mm Tangential
00 mm Longitudinal        

2 4 6

R

E

G

mm Radial
mm Tangential
0 mm Longitudinal         

FP0904 Conferen
treated wood be

28 

onal modes and
ngitudinal mode
ks due to the co
le at different 
rest to discern t

etween the met
method in this 
ral measuremen
nd after measur
e wood underw

ay for Douglas-f
nge in Edyn was 

amples of Scots
 

- Mechanical p
oung’s modulus
hod for Dynam
ibration, ASTM

pported by His

8 10 12 14
Treatment time (we

Radial Ta

E (Longitudinal) E (

G (Torsional)

      Scots pine @ 110 C

8 10 12 14
Treatment time (we

Radial Ta

E (Longitudinal) E 

G (Torsional)

   Douglas-fir @ 110 C

ce"Evaluation, pr
ehaviour by exper

Ap

d their harmoni
e was very diffi
omplex modes 
treatment poin

the correct peak
thods, but the 
case. All metho
nt points a muc
rement points. 
went thermal m
fir) and stiffnes
similar to the ch

s pine (a) and D

properties of m
s, shear modulu

mic Young's Mo
M, 2009 

storic Scotland

16 18 20
eeks)

angential Dry 

(Flexural) E (5

4 16 18 20
eeks)

angential Dry

(Flexural) E (5

C

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ics. In all case
icult to discern 
of vibration for

nts it was possi
k in other cases.

impact excitat
ods are capable
ch better result

odification, los
ss (~0.05%/day 
hange in Gdyn. 

a.

b. 
Douglas-fir (b) 

monolithic cera
us and Poisson
odulus, Shear 

d and the Roy

22 24

mass

54 kHz)

22 24

y mass

54 kHz)

edicting of THM 
merical methods" 
PIMC, Romania 

es the flexural 
in all cases as 

r these sample 
ible to use the 
.  
tion technique 
e of measuring 
t was obtained 

sing both mass 
for Scots pine 

amics at room 
’s ratio, CEN, 
Modulus, and 

yal Society of 



COST Action

 

 

Session 1 
 

A p

Omar 

1Clermont Un

3GEMH, D

 
Keywords: w
 
Understandin
material is im
However, a d
hygro-lock e
mechanosorp
a partition of 
is developed 
mechanosorp
 

When wood 
behaviour de
Hooke’s law 
mechanical s
restricted Hoo

((a) : Eσ =

where ( )wE is
According to

n FP0904 Confere
treated wood b

pseudoelas

SAIFOUNI1,2, 

niversité, Unive
2CNRS, 

Département Gé

wood, mechano

ng the combine
mportant to ac
difficulty in wo
ffect [1]. In th
tive behaviour 
the mechanical
for any variab
tive law written

is subjected to
pends on both 
(1.a). However
olicitation. Ind
oke's law (1.b),
( ) ( )w E wε ε+

s the value of
 (1.b), a stress 

ence"Evaluation, 
behaviour by exp

A

tic mechan

Rostand MOU
Fr

ersité Blaise Pa
UMR 6602, In

énie Civil et Du
rostand.mout

sorption, therm

ed effects betw
ccurately descri
od material is d
his paper, we 
which takes int
l stress in an ela
ble loading and
n in compliance

Figure 1. M

o a mechanical
the mechanica

r, during a dryi
eed, the relatio
 [2]: 

with 0wε ≥

f the elastic m
lock occurs wh

 
0 
1 

 

w 
1 
0

 

0 

 
0. 0  
0. 1  

Elastic stress 

Total stress 
 

0. 0  
0. 1  

processing and p
perimental and nu
April 9-11, 2013, 

29 

nosorptive m
 

UTOU PITTI1

rédéric DUBO
 

ascal, IP, UMR 
nstitut Pascal, F-
urabilité, Univer
tou_pitti@univ-

modynamics, hyg

ween mechanic
ibe the mecha
due to a strain l
propose a new
to account the h
astic part and a

d moisture cont
e and stiffness f

Mechanosorptiv
 

l load under c
al and the hydr
ing period whil
onship between 

0; (b) : Eσ =

modulus corre
hen a decreasin

(a) 

(b) 

(c) 

(d)

(e) 

predicting of THM
umerical methods
PPIMC, Romani

model for w
,2, Jean-Franço
IS3 

6602, BP 1044
-63171, Aubièr
rsité de Limoge
-bpclermont.fr

gro-lock effect,

al loading and
nosorptive beh
locking during 
w stiffness app
hygro-lock effe

a mechanosorpti
tent conditions
forms. 

ve behaviour 

onstant or incr
ric solicitations
e loaded, its be
stress and stra

( ) withE w ε
sponding to th
ng moisture co

M 
s" 
ia 

wood mater

ois DESTREB

48, Clermont-Fe
re, France 
es, 19300, Eglet

, rigidity approa

d moisture chan
haviour of timb
drying under lo

proach of the 
ect. The approa
ive part. The pr
, leading to a 

 

reasing moistur
s. In this case, 
ehaviour depend
ain can be repre

0w <

he actual moi
ntent variation 

 

rial 

ECQ1,2,  

errand, France 

tons, France 

ach 

nges in wood 
ber structures. 
oad, known as 
pseudo-elastic 

ach is based on 
roposed model 
pseudo-elastic 

re content, its 
it follows the 
ds only on the 
esented by the 

 (1) 
isture content. 

is imposed to 



 

the strained w
sum of an ela

mse σσσ +=
We consider 
following). B
is proposed b

ms wE εσ )(=
The approach
of finite incre
in stiffness fo

∑
=

=
N

i

H
0

(:a σ

where iE  is 
drying phase 
based on the 
formulations 
 

Figure 2: illu

 
Figure 3 show
by the model
angle) 
w 4050% +=

The stress-str
cycle (drying
ability of the 
and humidity
dimensional o
 
References: 

1. J. G
Phd

2. Z.P
3. J.M

  

1 

,  

,  

1 2 

 

wood, see Figu
astic stress eσ an

  
an isotherm tr

Based on usual a
etween the mec

msε   
h is generalised
ements iεΔ . Af
orm is given by 

Δ− iii Ett b;..) ε

the elastic mo
for the strain i
strain partition
are implemente

ustration of iE  

ws the evolution
 for a loading/h

tωcos.0  and σ
rain diagrams a
g under stress); 

model to depic
y. Further work
orthotropic case

Gril, Une modélis
d Thesis, Ecole Po
. Bazant, J. Eng. 

M. Husson, F. Dub

1

1

1

COST Action F

ure 1. Based on
nd a mechanoso

 
ransformation (
assumptions of 
chanosorptive s

 
d for any impos
fter analytical d
equation (4a) 

∑
=

−=
N

i

tH
0

(:b ε

dulus correspo
increment iεΔ ,

n, is given by eq
ed in Matlab© s

and iw in equa

n of the total st
humidity cycle 

σσσ += am cos.
are shaped as st
then it is releas

ct the mechanos
k in progress is
e, and to the cou

sation du compo
olytechnique, Uni
Mechanics Divis

bois, N. Sauvat, M

(a) 

(b) 

(c) 

2 

2 

2 

FP0904 Conferen
treated wood be

30 

n Figure 1, we 
orptive stressσ

(for the sake of
f thermodynami
stress msσ and th

ed strain variat
developments, t

Δ i
i

i E
t .1). σ

nding to the m
 see Figure 2. 
quation (4b) [3
software. 

ation (4).  Fig

train and his pa
( mσ is the amp

( )ϕω +t  with σ
table hysteresis
sed during the 
sorptive behavio
s devoted to th
upling with a v

rtement hygro-rh
iversity of Paris V
ion 105, 933–952

Mech. Time Dep. M

1

1
2

2

0

2

4

6

0

σ (MP

ce"Evaluation, pr
ehaviour by exper

Ap

propose to par
msσ , as follows
 

f clarity, the hy
ics and continuu
he related intern
 

tion, by subdivi
the mechanosor

 

moisture content
Similarly, the d
]. The stiffness

gure 3: stress-st
loading/

artitions (elastic
plitude,ω is the

MPam 3== σσ
s loops. msε  ap
humidification 
our of wood ma
he expansion o
iscoelastic mod

héologique du bo
VI, 1988 
2, 1979 
Mat. 14, 203-217

0 0,2

a)

εms

rocessing and pre
rimental and num

pril 9-11, 2013, PP

rtition the actua

ydric strain is o
um mechanics,
nal variable msε

iding the total s
rptive behaviou

t iw  at the beg
dual complaisa

s and the compl

train curves und
/humidity cycle

c and mechanos
e pulsation, and

Pa  
pears at the be
phase. This re

aterial under va
of the approach
del. 

ois à partir de sa

7, 2010 

0,4 0,6

ε X 10-3

εεe

edicting of THM 
merical methods" 
PIMC, Romania 

al stress as the 

 (2) 
omitted in the 
 a relationship 

s , as follows 
 (3) 

strain in a sum 
ur law obtained 

 (4) 

ginning of the 
ance approach, 
liance analytic 

 
der sinusoidal 
es.   

sorptive) given 
dφ is the phase 

 (5) 
ginning of the 
sult shows the 
ariable loading 
h to the three-

a microstructure. 

0,8

σm  = σa
� = π/2



COST Action

 

 

Session 1 
 
Strength 

2UM2-

Keywords: A
 
Thermo-hydr
first investiga
and natural a
investigation 
samples have
relative humi
range is betw
between 1 and
Results indic
showed a sign
of about 25%
modulus betw
was possible 
with TH-treat

Figure 1. Lin

 
Figure 1 show
seen between
can be estima

 
A direct f

law of chem
algorithm (GR

n FP0904 Confere
treated wood b

prediction 

Julien

1BFH-A
 LMGC, Unive

Aging, Thermo-

ro (TH) treated 
ation on the com
aged spruce wo

has been perf
e been produced
idity (RH) and 

ween 100 and 15
d 95%.  

cate that in term
nificant modifi

% of the strength
ween the differe
to reproduce si
tment. 

near relation be
o

ws the experim
n each other. Th
ated simply with

fitting has been
istry, by minim
RG). The aging

0

2

4

6

8

20

Ra
di
al
 s
tr
en

gt
h 
[M

Pa
]

ence"Evaluation, 
behaviour by exp

A

of mild the
for

n FROIDEVAU

AHB, Bern univ
ersité Montpelli

julien

-hydro, Panel pa

wood has been
mparison of the
ood (Picea Abie
formed includi
d by TH treatm
pressure have b
50°C, the absol

ms of mechani
cation. For exa
h compare to n
ent samples ha
imilar loss of li

etween the radia
old wood sampl

mental radial str
herefore, by kn
h:  

fσ
n made for the 
mizing the mea
g equations are:

y =

0 30

processing and p
perimental and nu
April 9-11, 2013, 

31 

ermo-hydr
r natural ag

 
UX1, Joseph G

 
versity of Appli
ier 2, Laboratoir
n.froidevaux@b

 
aintings 

n used to predi
e mechanical, ph
es (L.) Karst.) 
ing the acceler
ments. Two pres
been designed 
lute treatment p

cal behavior a
ample, old wood
non-aged wood.
s been seen. Lo
ightness and rad

al strength and t
es (200, 400 an

rength σf again
nowing the colo

*0.1294 2.f L= ⋅ −

radial strength 
an square diffe
  

= 0.1294x ‐ 2.190
R² = 0.9319

40 50
Lightness L

predicting of THM
umerical methods
PPIMC, Romani

ro treatmen
ging 

GRIL2, Parviz N

ed Science, Sw
re de mécaniqu
bfh.ch 

ct the behaviou
hysical and che
has been carrie

rated aging of 
ssure vessels w
and constructed

pressure betwee

long the radial
d samples of 50
 No significant
oss of color lig
dial strength (w

the lightness of
nd 500 years old

st the lightness
or lightness L*

.19
σf and the colo

erence by a gen

04

60 70
L*

Thermally t

Old wood

M 
s" 
ia 

nts and extr

NAVI1 

witzerland 
ue et génie civil

ur of naturally 
emical propertie
ed out [1] and 
wood [3]. Art

with controllabl
d. The treatmen
en 0.1 and 8 ba

l direction, onl
00 years old sh
t modification o
ghtness has also
without change 

 
f thermally treat
d). 

s L*. A linear r
of an old wood

or lightness L* 
neralized reduc

80

treated

 

rapolation 

, France 

aged wood. A 
es of non-aged 
[2]. A second 
tificially aged 
e temperature, 
nt temperature 
ars and the RH 

y the strength 
how a decrease 
of the Young's 
o been seen. It 
in E-modulus) 

ted wood and 

relation can be 
d, the strength 

(1) 
on the kinetic 
ction gradient 



 

 
where σ0 

treated at infi
dependent on

 
 where Ea

B and k0 are f
The aging

strength and 
temperatures 
pressure. How
effect of natu

Such ana
lightness has
estimated at a

A finite e
show that the
induce about 
panel painting
dendrochrono

 

Figure 2. Old
age of the wo
 
References: 

1. J. F
2. C. G
3. J. F
4. J.Fr

Uni
 
Acknowledg
project (N° K
 
 
 

 

is the radial st
inite time respe

n the treatment t

a is the activatio
fitted parameter
g laws defined 

color lightnes
between 110°C

wever, the law 
ural aging. 
alysis has been
s been measure
about 4.75 MPa
element model 
e radial stresse

2.75 MPa of 
g has been store
ology), the radia

d wood panel pa
ood of this paint

Froidevaux, et a
Ganne-Chédevi

Froidevaux, P. N
roidevaux, Woo
iversité Montpe

ments: The fin
K21K-122336/1

COST Action F

⎪⎩

⎪
⎨
⎧

* )(
(
tL
tfσ

trength of untre
ectively, n is the
temperature T a

Tk(
on energy of th
rs. 
in equations (2

ss after therm
C and 150°C, t
can be extrapol

n carried out o
ed and was L*

a.  
(FEM) calculat

es during a mov
radial stresses
ed with the ligh
al strength will 

aintings rented 
ting has been de

al., Wood Mater
ille, et al., Holzf
Navi, Wood Ma
od and paint lay
ellier 2, 2012 

nancial support
) is acknowledg

FP0904 Conferen
treated wood be

32 

=

=
⋅−

−

),(*
0

,(
0

)
)

eL
et

ntmTk

Tkσ

eated wood, L*
0

e reaction orde
and the wood m

Bm eekmT
−

⋅⋅= 0),
he reaction and 

2) can be first u
al treatment. T
treatment RH b
lated to standar

on an old pane
* = 53.74. Wit

ting the stresse
ving of the pan
. By estimated
htness (second e
decrease at 2.7

from the Swiss
etermined by de

r. Sci. Eng. 7, 1
zforschung 66, 1
ater. Sci. Eng. 1
yers aging and 

t of the Swiss N
ged with gratitu

ce"Evaluation, pr
ehaviour by exper

Ap

+ ∞

⋅

*

)

L
n

ntm  

0 and L*
∞ are th

r and t the time
moisture content

RT
Ea−  
R is the gas co

used to predict 
The range of 
between 0 and 
rd climate cond

el painting as s
th equation (1)

es in panel pain
nel (quick chan

d the mean clim
equation in (2),

75 MPa in 1500

 
s National Muse
endrochronolog

-12, 2012 
163-170, 2011
-7, 2012 
risk analysis of

National Scienc
ude. 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

he lightness of 
e. The rate con
t m and it is giv

onstant (8.314 J

the degradation
validity of th
25% and unde

ditions, in order

shown in figur
) the radial str

ntings under RH
nge of RH from
matic condition
, using the age 

0 years! 

eum – Collectio
gy. 

f ancient panel p

ce Foundation 

edicting of THM 
merical methods" 
PIMC, Romania 

(2) 

f untreated and 
stant k(T,m) is 

ven by:  

(3) 

J K-1mol-1) and 

n of the radial 
e laws is for 
er atmospheric 
r to predict the 

re 2. Its color 
rength can be 

H variation [4] 
m 65 to 45%) 

n in which the 
determined by 

on Centre. The 

painting, 

(FNS) for the 



COST Action

 

 

Session 1 
 

Physi

Susanna KÄ

1KTH, 

EcoB

Keywords: T
 
A future visio
the value of 
knowledge w
components. 
carried out in
than what is 
characterizati
Inverse gas c
base characte
into changes 
use, for exam
the IGC techn
insight about 
The principle
stream passin
reach the end
chromatograp
IGC, known 
Figure 1 show
 

Figure 1. Sch
 

n FP0904 Confere
treated wood b

co-chemica
in

ÄLLBOM1, M

Royal Institute
2SP Techn

Build Institute E

THM modificati

on of the Swed
f the by-produc
within the field

One idea is to
n the form of ex

allowed in co
ion of THM mo
chromatography
eristics of mater
in the surface 

mple in the prod
nique to study t
the activities o

e of IGC is like
ng through a pa
d of the colum
phy, the colum
gas probes are

ws a sketch of th

hematic illustrat

ence"Evaluation, 
behaviour by exp

A

al characte
nverse gas c

Magnus WÅLIN

 of Technology
nical Research 
Excellence Cen

susann

ion, Inverse Ga

dish market of b
cts from the w
d of Thermo-H
o apply a produ
xtrusion and pre
onventional pro
odified wood us
y (IGC) is parti
rials in particle
chemistry of m

duction of comp
the surface ene
f the modified w
e regular gas c
acked column 

mn, they are de
mns are chosen 
e chosen for th
he IGC principl

tion of the princ

processing and p
perimental and nu
April 9-11, 2013, 

33 

rization of 
chromatog

 
NDER1,2, Krist

 
y, Building Mat
Institute of Sw

ntre, PO Box 56
na.kallbom@by

 
as Chromatogra

building materi
wood industry. 
Hydro-Mechani
uction process b
essing. The moi
ocesses. One sp
sing inverse gas
icularly useful 

e or fibrous form
modified wood, 
posite materials
ergy characteris
wood surface.

chromatography
held in an env
etected using a
for their ability

heir ability to in
le. 

ciple for inverse

predicting of THM
umerical methods
PPIMC, Romani

THM mod
graphy (IGC

toffer SEGERH

terials, SE-100 4
weden, Wood Te
609, SE-114 86 
v.kth.se 

aphy (IGC), pro

ials is to a larg
The aim of t

cal (THM) mo
based on non-v
isture content d
pecific focus w
s chromatograp
to determine s

m [1-8]. The m
in this case TH

. These studies 
tics of the treat

y where gases a
vironmentally co
a flame ionizat
y to separate g
nteract with an

e gas chromatog

M 
s" 
ia 

dified wood
C) 

HOLM1,2, Den

44 Stockholm, 
echnology,  
Stockholm, Sw

perties 

ger extent utilize
this project is 
odification of 
ventilated proc
during this step 
will be on phy
hy (IGC).  

surface free ene
method can prov
HM wood and 
will assess the 

ted fibres to pro

are injected int
ontrolled oven.
tion detector. I
gases adequatel
n unknown pac

 
graphy (IGC) e

 

d using 

nnis JONES2  

Sweden  

weden  

e and increase 
to widen the 
various wood 
ess conditions 
will be higher 

ysico-chemical 

ergy and acid-
vide an insight 
its subsequent 
application of 

ovide valuable 

to an inert gas 
. As the gases 
In normal gas 
ly, whereas in 

cking material. 

experiments. 



 

Such informa
species and i
covers some 
characterize 
distributions. 

References: 
1. D. P
2. R. T

455
3. G. 

180
4. N. 

201
5. J. S
6. W. 
7. P. P

955
8. M. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ation may be h
its subsequent m

background in
surface energy

P. Kamdem, S. 
T. Matuana, L. 
5, 1998 
S. Oporto, D. J

01, 2011 
Siddiqui, R. H.

11 
Simonsen, Z. Ho

T. Y. Tze, M. E
P. Ylä-Mäihäni
57, 2008 
E. P. Wålinder

COST Action F

helpful to tailo
molecular bond
nformation abo
y parameters 

K. Bose, P. Lu
M. Woodhams

J. Gardner, A. K

. Mills, D. J. G

ong, T. G. Rials
E. P. Wålinder,
iemi, J. Y. Y. H

, D. J. Gardner,

FP0904 Conferen
treated wood be

34 

or and improve
ding with bind
out the IGC te
of ground the

 

uner, Langmuir
s, J. J. Balatine

Kiziltas, D. J. N

Gardner, D. Bou

s, Wood Fiber.
 D. J. Gardner, 

Heng, F. Thielm

, Wood Fiber. S

ce"Evaluation, pr
ehaviour by exper

Ap

e the THM m
ers in composi
echnique as w
ermally modifi

3039–3044, 19
cz, C. B. Park, 

Neivandt, J. Ad

usfield, J. Adhes

Sci. 29, 75–84,
J. Adhes. Sci. T

mann, D. R. W

Sci. 32, 478–48

rocessing and pre
rimental and num

pril 9-11, 2013, PP

odification of 
ites. This poste

well as some in
fied wood of 

993 
Polym. Compo

dhes. Sci. Techn

s. Sci. Technol.

, 1997 
Technol. 20, 74

Williams, Langm

8, 2000  

edicting of THM 
merical methods" 
PIMC, Romania 

various wood 
er presentation 
nitial trials to 
different size 

osites 19, 446–

nol. 25, 1785–

. 25, 709–721, 

43–759, 2006 
muir 24, 9551–



COST Action

 

 

Session 2 
 

Modellin

Rep

1L
2Labor

Keywords: w
 
This meeting
modification 
constitutive e
changes over 
processes ass
in the revers
considered. O
available kno
the modelling
couplings, an
discussions.  
The meeting 
from Decemb
in the afterno
a first exchan
had opportun
stimulated by
The contribut
can be summa
-  Characteris

of heat trea
of treatmen

-  Finding a c
a fundame
characterisa
continuous 

-  A multisca
models; ma
colour cha
mechanosor
molecular s
hygroscopic

 
 

n FP0904 Confere
treated wood b

ng the isola
and hyg

ort of COS

Laboratoire de G
ratoire de Méca

wood, modificat

g aimed at gat
and mechanic

equations of hy
time due to ch

sociated with th
se way, i.e. th
Obviously this 
owledge on: (i) 
g of their kine
nd their activat

was attended b
ber 19 noon to 2
oon of the 20th. 
nge of informati
nities to contin
y brainstorming 
tions of the par
arized as follow

sation of proper
ated wood, temp
nts, or to find a t
concept of const
ental challeng
ation of prope
monitoring of v

ale analysis is 
aterial character
anges as resu
rption modelled
structure and in
c fatigue… 

ence"Evaluation, 
behaviour by exp

A

ated and co
gro-thermo
T FP0904 M

Patrick P

Génie des Proc
anique et Génie 

joseph

tion, modelling

thering a smal
cal behaviour, 
gro-thermo-me

hemical degrada
hermal treatmen
he influence of

is a complex
the processes 

etics; (ii) the p
tion. Experimen

by 20 scientists
20 noon, 2012, 
16 Oral presen

ion. Most of the
nue the discuss

discussions.  
rticipants to the
ws:  
rties of native a
perature depend
treatment able t
titutive equatio
e, associated 

erties during th
viscoelastic pro
the key to un

ristics should de
ult of chemic
d at cell-wall le
nteraction, com

processing and p
perimental and nu
April 9-11, 2013, 

35 

ombined eff
o-mechanic
Meeting, Pa

 
PERRÉ1, Josep

 
édés et Matéria
Civil Engineer

h.gril@univ-mo
 

g, constitutive eq

ll group of ex
in order to a

echanical behav
ation? Although
nts, other modif
f loading cond

x question that 
of degradation 

physics and ma
ntal validation 

s. It was organi
followed by an

ntations by dele
e participants jo
sions. They we

 discussions, re

and modified/ag
dence of sorptio
to mimic aged w

ons appropriate 
with the ne

he changes –
operties. 
nderstand the u
etermined/pred
cal compositio
evel, effect of h

mpression set ex

predicting of THM
umerical methods
PPIMC, Romani

ffects of che
cal loading 
aris, 19-20 D

ph GRIL2 

aux, École Cent
ring, Université
ontp2.fr  

quations 

xperts in the f
ddress the fol

viour should we
h we have prim
fications could 
ditions of the 

involves as a
resulting from

athematical des
of models sho

ised in Ecole C
n optional visit o
egates during th
oined a dinner c
ere resumed du

egarding open q

ged wood – e.g
on behaviour –
wood.  
during modific

eed to develo
e.g. heat treat

underlying phen
icted some from

on, creep mod
heat treatment e
xplained either 

M 
s" 
ia 

emical mod
of wood 
December 2

trale Paris, Fran
é Montpellier 2,

field of model
lowing issue: 
e use when the 

marily in mind th
be considered.
degradation sh

a preliminary t
m modification t
scription of hyg
ould be also in

Centrale Paris, 
of LGPM (www

he afternoon of 
close to the ven
uring the next 

questions and re

g. mechanosorpt
is needed to as

cation/degradati
op specific te
tments in a D

nomena and p
m low level info
delled at mo
explained by va
by cellular mic

 

dification 

2012 

nce 
, France 

lling of wood 
what kind of 
material itself 

he degradation 
. The coupling 
hould also be 
to discuss the 
treatments and 
gromechanical 
ncluded in the 

close to Paris, 
w.lgpm.ecp.fr) 
19/12 allowed 

nue where they 
morning and 

esearch needs, 

tive behaviour 
ssess the effect 

ion of wood is 
echniques for 

DMA allowing 

produce robust 
formation –e.g. 
lecular level, 

ariations of the 
crobuckling or 



 

1. Experimen
Structural and

these?
Lenna

Influence of t
and si
Navi P

Influence of t
chara
Ales S

Why do we n
Josep

Near infrared
chang
Jakub

A water vapo
Wim 

Use of dynam
Rober

Characterisati
heat t
Patric

 
2. Modelling
Numerical hy

Andre
Modelling ser

under
 Wolfg
Modelling of 

Frédé
The heat treat

and ch
Roma

Modeling the
Julien

Artificial agin
Bertra
Luca 

Natural agein
Miyuk

Mild hygroth
Cécili

 
 
 
 
 

 

ntal characteri
d chemical chan
? 
art Salmén (SE)
the THM proce
ize effect  
Parviz (CH) 
thermal modific
acteristics of bee
Straže (SI) 

need to accelera
ph Gril (FR) 
d spectroscopy a
ges to wood dur
b Sandak (IT) 
or sorption isoth
Willems (NL) 

mic mechanical 
rt Widman (CH
ion of a modify
treatment 
ck Perré, Giana

g 
ygro-thermal mo
ea Genoese, Ale
rvice life of tim
r permanent me
gang F. Gard 
f the hygromech
éric Dubois 
tment of lignoc
hemical reactio

ain Rémond (FR
e compression s
n Colmars (FR)
ng versus natur
and Marcon (IT
Uzielli (IT) 

ng and heat treat
ki Matsuo (JP) 
ermal treatmen
ia Gauvin, Delp

COST Action F

List of oral co

ization 
nges during the

) 
ssing parameter

cation on mecha
echwood 

ate wood aging?

as an experimen
ring thermal tre

herm for therma

analyse (DMA
H), Andreja Kutn
ying material: m

a Almeida (FR)

odelling of woo
essandra Genoe

mber structures t
echanical and w

hanical coupling

cellulosic mater
ons 
R), Ian W. Turn
et occurring du
), Paola Mazzan
al aging of pop
T, JP), Shuichi 

tment of lignoc

nt to dissociate m
phine Jullien (F

FP0904 Conferen
treated wood be

36 

ontributions b
 

ermal and hygro

rs on the mecha

ano-sorptive cr

? 

ntal validation t
eatment 

ally modified D

A) data for the de
nar (SI), Iris Br

mass, shrinkage 

) 

od during proce
ese (IT) 
taking into cons

weathering loads

gs 

ial: modeling th

er (AU), Patric
uring restrained 
nti 
lar wood 
Kawai (JP), M

cellulosic mater

mechanical and
FR) 

ce"Evaluation, pr
ehaviour by exper

Ap

by participants

othermal treatm

anical and chem

eep, water diffu

tool for characte

Douglas fir 

etection of ther
rémaud (FR) 
and mechanica

esses at high-tem

sideration chem
s 

he coupling bet

ck Perré (FR) 
swelling test 

Miyuki Matsuo (J

rials:  evaluation

d hygroscopic ag

rocessing and pre
rimental and num

pril 9-11, 2013, PP

s  

ments – how to c

mical degradatio

usivity and on s

erization of che

rmal modificatio

al properties me

mperatures 

mical alterations

tween heat&ma

JP, FR), Joseph

n and modeling

geing of wood 

edicting of THM 
merical methods" 
PIMC, Romania 

consider 

on of wood 

sorption 

emical 

on processes 

easured during 

s over time 

ass transfer 

h Gril (FR), 

g 



COST Action

 

 

Session 2 
 
Finite ele

Department

 
Keywords: F
 
Steam explos
difficult to di
with high pr
deformable. A
expand and c
break and thu
due to steam 
deformation a
In this study
modeled usin
elastic prope
moisture con
fiber layers h
used to calcu
carried out at
moisture cont
spruce decrea
The load is a
principal stra
wood fibers c
effective in t
than latewood
by Zhang an
deformation i
OC. 
Further studi
properties at 
breakage. 

n FP0904 Confere
treated wood b

ement mod

Mu

t of Chemical an

Finite element m

sion is an imp
igest by enzym
ressure steam 
After processin
reate stresses o

us open up. The
explosion pretr

and breakage du
y a bundle of s
ng the finite elem
erties of the b
ntent and 20 OC
have been taken
ulate the elastic
t high temperat
tent and 80 OC 
ases with tempe
applied as unif
ain in the defor
creates uneven 
the tangential d
d fibers. These
d Cai (2006). 
in fiber as comp

ies are require
high temperat

ence"Evaluation, 
behaviour by exp

A

deling of def
exp

uhammad MU

nd Biological E
muz

model, fiber, ste

portant wood p
mes due to its c

for a certain 
ng, the wood is
on the fiber wal
ere is significant
reatment [1]. T
uring steam exp
spruce fibers, c
ment approach.
asic wood com

C. The compos
n from the liter
c properties of 
ture and with s
has also been m

erature and moi
form pressure o
rmed fiber bund
stresses. These

direction. Early
 results are als
Simulation resu
pared to results

ed to improve 
tures and exte

processing and p
perimental and nu
April 9-11, 2013, 

37 

formation 
plosion of w

 
UZAMAL, And

 
Engineering, Ch
zamal@chalme

eam explosion, 

pretreatment p
compact structu

time which m
s rapidly decom
ls. These high s
t improvement 

Thus it is very i
plosion. 
composed of e
. The elastic pro
mponents (cell
sition, thicknes
rature [2]. The 
the fiber layer

saturated steam
made using the 
sture content [4

of 10 bar inside
dle. It can be s
e stresses are n
y wood fibers, w
o seen during t
ults with 20% 
s obtained from

the model. T
nding the mod

predicting of THM
umerical methods
PPIMC, Romani

of a fiber b
wood  

ders RASMUS

halmers Univers
ers.se 

elastic properti

process in mod
ure. In steam e
makes the woo
mpressed and v
stresses cause t
in enzymatic d

important to stu

early wood and
operties of the f
lulose, hemi-ce
s and micro-fib
Halpin-Tsai eq
s [3]. Since the
, an estimation
trend which sh

4,5].  
e the fibers. Fi
seen that the ex

not effective in 
with larger cro
the steam explo
moisture conte

m simulation at 

These include d
del to account 

M 
s" 
ia 

bundle duri

ON 

sity of Technol

ies.  

dern bio-refiner
xplosion the w
od material so

vapors inside th
the wood struct

digestion of the 
udy the mechan

d late wood fib
fibers are calcu
ellulose and li
bril angle (MF

quations and mi
e steam explos

n of elastic prop
ows how elasti

igure 1 shows 
xpansion of va
the radial direc

oss-section are 
osion experime
ents and 80 OC
12% moisture c

determination 
for strength p

 

ing steam 

ogy, Sweden 

ries. Wood is 
wood is treated 
oft and easily 
he wood fibers 
ture to deform, 
wood biomass 

nisms of wood 

bers has been 
ulated from the 
gnin) at 12% 

FA) for spruce 
ixing rules are 
sion process is 
perties at 20% 
c properties of 

the maximum 
apor inside the 
ction, but very 
more affected 

ents performed 
C shows much 
content and 20 

of the elastic 
properties and 



 

Figure 1. 

References: 
1. W.R
2. J. B
3. C.L
4. C.C
5. F.E
6. Y. Z

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Max principal 

R. Grous, A.O. 
Brändström, IAW
L. Tucker III, E
C. Gerhards, Wo
E. Siimes, The S
Zhang, L. Cai, 

COST Action F

strain in fiber b
moistu

Converse, H.E
WA Journal 22(
. Liang, Compo
ood and Fiber 1
State Institute fo
Wood Sci. Tech

FP0904 Conferen
treated wood be

38 

 
bundle at (a) 12
ure content and

 

E. Grethlein. Enz
(4), 333-353, 20
os. Sci. Technol
14(1), 4-36, 198
or Technical Re
hnol. 40, 427-43

ce"Evaluation, pr
ehaviour by exper

Ap

2 % moisture co
d 80 OC 

zyme Microb. T
001 
l. 59, 655-671, 
82 
esearch, Helsink
36, 2006 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ontent and 20 OC

Technol. 8, 274

1999 

ki, Finland. Pub

edicting of THM 
merical methods" 
PIMC, Romania 

 

C (b) 20% 

-280, 1986 

bl. 84. 1967 



COST Action

 

 

Session 2 
 

Effects o

Ch

1Hellenic Ag

2Τech

Keywords: w
 
Hydrotherma
effective met
resistance an
densification 
intensive cha
interest in su
changes [3, 4
non-destructiv
be evaluated
specimens in 
wood quality 
In an attempt
as well as ha
treatments w
40mm x 40m
climate (20°C
treated and n
specimens we
and 240min. 
range of ±1°C
were tested f
Niemz and S
specimens w
geometry, cir
observer. 
The results sh
up to 54,6 fo
treatment tim
followed loga
multiple com
resulted to st
times up to 3
cause signific

n FP0904 Confere
treated wood b

of closed sy
and

haralampos LY

gricultural Orga
Products 

T
h. Εduc. Ιnst. (T

wood, beech, hy

al treatment (ste
thods to balanc
d the durability
[2]. Along wit

anges in the che
uch information
4, 5] as well as 
vely while mec

d. Hardness is 
order to be de
[7].  

t to attain a rela
rdness of Euro

were carried out
mm x 22mm we
C, 65% RH) for
non treated one
ere subjected to
The treatments

C. The treated a
for the determi
Stübi [9] using

was measured w
rcular measurin

howed that hyd
r ΔΕ* and up t

mes resulted to 
arithmic increa

mparisons with 
tatistically signi
30min. The fur
cant further colo

ence"Evaluation, 
behaviour by exp

A

ystem hydro
d hardness 

YKIDIS1, Petr

anisation "Dem
Technology, L

Terma Alkmano
TEI) of Larissa,

11 V. Griva S

ydrothermal trea

eam-heat treatm
ce colour differ
y of wood [1] 
th the advantag
emical compos
n. Among othe

degradation of
chanical proper

related to oth
etermined. For 

ationship betwe
pean beech (Fa
t in this study

ere prepared fro
r at least 4 wee
es, specimens 
o hydrothermal 
s were carried o
and untreated te
ination of Brin
g a Zwick 202
with a BYK G
ng area of 20 m

drothermal treat
to 60,6% for ha
more intense c

ase while at hi
one-way AN

ificant (althoug
rther increase o
our alteration. I

processing and p
perimental and nu
April 9-11, 2013, 

39 

othermal tr
of Europea

 
ros KONSTAN

 
meter" Inst. of M
Lab. of Wood A
os, 11528, Ilisia
, Dept. of Wood
Str., 43100, Ka
lykidis@fria.gr

 
atment, colour, 

ment) has been 
ences and to im
but also as a 

ges, hydrotherm
sition and prope
er modifications
f all strength pr
rties usually req
her mechanica
this reason, it 

en treatment pa
agus sylvatica L
. Six hundred 

om air-dried saw
eks. In order to 
were cut in p
treatments at 1

out in a 1,2l sta
est samples wer

nell hardness ac
0 Universal T

Gardner tristim
mm in diameter,

tments at temp
ardness. The hi
changes. ΔΕ*ch
igher temperatu
OVA (LSD, α

gh marginally d
of treatment tim
It was also foun

predicting of THM
umerical methods
PPIMC, Romani

reatment c
an beech w

NTAKOS2, Sta

Mediterranean Fo
Anatomy and Te
a, Athens, Greec
d & Furniture D
rditsa, Greece
r 

hardness 

known for a l
mprove the dim
useful tool in 

mal treatments 
erties of wood,
s, hydrotherma
roperties of wo
quire destructiv

al properties o
is considered a

arameters (temp
L.) sapwood, la
defect-free spe

wn boards whic
facilitate hardn

pairs as explain
110, 140, 170 a
ainless steel rea
re then climatis
ccording to EN
esting Machine

mulus colourim
, using a D65 il

erature of 110-
igher treatment
hanges at 110°C
ures showed a 
α=0,05) showe
detected by the
me from 30 to 
nd that treatmen

M 
s" 
ia 

onditions o
wood 

avros TSALIKI

orest Ecosystem
echnology,  
ce 

Design & Techn

ong time as on
mensional stabil

emerging meth
are usually ac

, consequently 
al treatments re
ood [6]. Colour 
ve methodologi
f wood and r

as one of the m

perature and tim
aboratory-scale
ecimens with d
ch were climat
ness compariso
ned in other w
and 200°C for 1
actor with steam
sed at 20°C and
N1534:2000 as 
e. The surface 
eter with a 45
lluminant and a

-200°C resulted
t temperatures a
C in the range 
more linear on

ed that treatme
e human eye) Δ
60, 120 and 24

nt of 10min at 1

 

on colour 

IS2 

ms and Forest 

nology 

ne of the most 
lity, the decay 
hods of wood 
companied by 
increasing the 

esult in colour 
is determined 

ies in order to 
requires small 

main indices of 

me) and colour 
e hydrothermal 
dimensions of 
ised at normal 

on between the 
works [8]. The 
10, 30, 60, 120 
m temperature 
d 65% RH and 

 proposed by 
colour of all 

5/0 measuring 
a 10° standard 

d in a decrease 
and the longer 
of 10-240min 
ne. Moreover, 
ents at 110°C 
ΔΕ* values for 
40min did not 
140°C resulted 



 

to the same Δ
170 and 200°
effect of hydr
stronger at hi
the treatment 
also showed h
After similar
hydrothermal
change when 
related graph
dependent de
2-way ANOV
temperature, 
hardness of th
0,824 respect
weakly to mo
hardness of th

References: 
1. Y. C
2. P. N
3. D. V
4. K. M
5. K. M
6. D.S
7. S. H
8. L. H
9. P. 

prop
61, 

 
Acknowledg
Sophogiannis
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ΔΕ* with treatm
°C resulted to s
rothermal treatm
igher treatment
 temperature w
high emissions 
r statistical ana
l treatments at 
duration increa

h. Treatments a
terioration of w
VA for indepen
treatment durat
he specimens. 
tively, at the 0
oderately correl
he specimens. 

Cao, J. Lu, R. H
Navi, D. Sandbe
Varga, M.E. Va
Mitsui, Holz. al
Mitsui, Holz als

S. Korkut, B. Gu
Hirata, M.Ohta,
Hansson, A.L. A
Niemz, T. Stü

operties of wood
2000 

ments: The a
s and Mr Gerasi

COST Action F

ments of 60, 120
ignificant ΔΕ* 
ment duration i
t temperatures. 

was 200°C and t
of thermal deco

alysis, the hard
140°C and with
ased from 120 
at temperatures

wood hardness.
ndent samples 
tion and intera
Lightness (L*)

0,01 level, 2-tai
lated (r=-0,157 

  

Huang, J. Jiang,
erg, Thermo-hy
an Der Zee, Ho
ls Roh - und We
s Roh - und We
uller, Biores. T
, Y. Honma, J. 
Antti, J. Mater.
übi, Proceeding
d and wood co

authors would 
imos Bothos fo

FP0904 Conferen
treated wood be

40 

0 and 240min a
values among 
is milder than t
The ΔΕ and L
the duration wa
omposition pro
dness of the sp
h durations long
to 240min. The
s higher than 

showed that th
ction of both fa
) and ΔΕ* show
iled) while the 
and r=0,489 re

 

, Eur. J. Wood 
ydro-mechanica
olz. als Roh - un

Werkstoff 62, 23–
erkstoff, 64, 243
Technol. 99(8), 2

Wood Sci. 47(1
 Proces Techno
gs of the inte
mposites relate

like to than
or their technica

ce"Evaluation, pr
ehaviour by exper

Ap

at 110°C. Treatm
all treatment in
the effect of tem
* values presen
as longer than 6
ducts.  
pecimens show
ger than 60min
e above remark
140°C induced

here is a signif
factors on the m
wed significant 

other colour p
espectively, at t

Wood Prod. 70
al processing of
nd Werkstoff 66(
–30, 2004 
3–244, 2006 
2846–2851, 200
1), 1-7, 2001 
ol. 171, 467–47
rnational symp
ed to wood mac

nk Mrs Ekater
al assistance. 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ments at temper
ntervals. It is ob
mperature. Thi
nted a severe re
60min. The abo

wed significant 
n but did not sh
ks can also be d
d more intense

ficant influence
mean colour ch

correlation (r=
parameters (a* 
the 0,01 level, 2

0(4), 441-444, 2
f wood, 2012 
(1), 11-18, 200

08 

70, 2006 
posium on wo
chining, Vienna

rini Rammou, 

edicting of THM 
merical methods" 
PIMC, Romania 

ratures of 140, 
bvious that the 
s effect seems 
eduction when 
ove specimens 

reduction for 
how significant 
drawn from the 
e and duration 

e of treatment 
ange ΔΕ* and 

=0,794 and r=-
and b*) were 

2-tailed) to the 

2012 

8 

od machining 
a, Austria, 51-

Mr Christos 



COST Action

 

 

Session 3 
 
Adhesion

Kristiina LA

2Edinburgh
Institute for C

3Univers

Keywords: a
 
Since one of
coatings on s
investigate th
borne polyure
Specimens of
and 22 mm i
constant wei
universal test
details of the 
from 22 mm 
32 %. After c
with 180 gri
flooring coati
the surface in
applied and th
Adhesion of t
The test dolly
After 24 hou
circumferenc
tensile stress 
The breaking 
The results o
given in the t
increase in th
this, cohesive
87 % in the c
in the densifi
wood most p
cohesive, adh
can only be s
adhesion, at 4
the observed 

n FP0904 Confere
treated wood b

n of polyure

AINE1, Lauri R
Marko

1Aalto Unive
h Napier Unive
Civil and Enviro
sity of Ljubljana

4University

adhesion, Scots 

f the intended 
surface densifie

he interactions b
ethane (SPU) co
f kiln dried Sco
in thicknesses (
ght were surfa
ting machine (
 test set-up and
to a target thi

conditioning, th
t sandpaper an
ing (SPU; AMA
n two layers f
he drying time p
the coating to t
y was glued usi
urs, the cured 
e of the dolly a
was applied at 
strength (in M

of the pull-off t
table should be

he proportion of
e failure amoun
case of the surfa
ied substrate su
probably due t
hesion is not me
stated that the a
4.70 MPa, was 
adhesion of the

ence"Evaluation, 
behaviour by exp

A

ethane coa

RAUTKARI2, 
o PETRIČ3, Ma

ersity, Departm
ersity, School of
onmental Engin
a, Biotechnical 

Lj
y of Primorska, 

kris

pine, polyureth

uses for surfa
ed wood shoul
between surface
oating for wood
ots pine (Pinus
(R) that were c
ace densified u
(Zwick 1475) c
d densification 
ckness of 15 m

he surfaces of th
nd then coated
AL 4002 1K; A
following the m
prior to the sec
the modified su
ing an epoxy a
epoxy adhesiv

and the test con
an increasing r
Pa) and the natu
test are present
e considered ve
f cohesive failur
nted to 79 % in
ace densified sp
uggests that ther
o cell fracture 
easured, but rat
adhesion is high
observed in the

e coatings on th

processing and p
perimental and nu
April 9-11, 2013, 

41 

ting on sur
 

Borut KRIČE
ark HUGHES

 
ment of Forest Pr

f Engineering a
neering, Forest 
Faculty, Depar
jubljana, Sloven
Andrej Marušič

stiina.laine@aal
 

hane coating, su

ace densified w
ld be examined
e densified pine
den flooring. 
sylvestris L.) (

conditioned at 
using a specia
combined with
process are giv

mm in the radi
he densified and

d with a comm
AMAL d.o.o., L
manufacturer’s 
ond coating wa

urface was dete
adhesive to the 
ve and the coa
nducted using a
rate not greater 
ure of the fractu
ted in Table 1.
ery carefully be
re observed in t
n pull-off tests
pecimens. An in
re is a decrease
during densifi

ther the cohesiv
her than the val
e pine wood co
he surface densi

predicting of THM
umerical methods
PPIMC, Romani

rface densif

EJ3, Matjaž PA
1, Andreja KU

roducts Techno
and the Built En
Products Resea

rtment of Wood
nia 
č Institute, Kop
lto.fi 

urface densifica

wood is for flo
d. Therefore, th
e wood and com

(150 mm in len
20 °C and 65 
lly designed h

h an MTS Prem
ven in [1]. The 
ial direction, gi
d control specim

mercial solvent-
Ljubljana, Slove

instructions; 0
as 20 hours. 
ermined by the 
coatings of sev

ating were cut 
a DeFelsco Posi

than 1 MPa/s u
ure were record
 It must be no
ecause during t
the substrate of 
s on the pine co
ncrease in the p
e in the tensile 
fication. When 
ve strength of th
lue determined 
ntrol specimen
ified pine wood

M 
s" 
ia 

fied Scots p

AVLIČ3, Sergej
UTNAR4 

ology, Finland 
nvironment, Join
arch Institute, E
d Science & Tec

per, Slovenia 

ation 

ooring, the cha
he aim of this 
mmercially ava

ngth (L), 55 mm
% relative hum

heated press to
mium Elite con
specimens wer

iving a compre
mens were man
-borne polyuret
enia). Coating w
0.6 to 0.7 g pe

pull-off test de
ven specimens i

to the substra
iTest AT Adhe
until the dolly w
ded.  
oted that the ad
the pull-off test
f densified wood
ontrol wood an
proportion of co
strength of sur
a high portion

he substrate. In
experimentally
s coated with S

d was significan

 

pine wood 

j MEDVED3, 

nt Research 
Edinburgh, UK 
chnology, 

aracteristics of 
study was to 

ailable solvent-

m in width (T) 
midity (RH) to 
ool fitted to a 
ntroller. More 
re compressed 
ession ratio of 
nually abraded 
thane wooden 
was applied to 
er surface was 

escribed in [2]. 
in each group. 

ate around the 
sion Tester. A 

was pulled-off. 

dhesion results 
t there was an 
d. To illustrate 
nd this rose to 
ohesive failure 
rface densified 
n of failure is 
n such cases, it 
y. The greatest 
SPU. Although 
ntly lower than 



 

on the contr
requirements 
based on expe
on surface de
‘apparent’ ad
is a conseque
 

Table 1. Av

Specimens 

Control 
Surface den

References: 
1. L. R
2. EN

 
Acknowledg
Agency throu
wood”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

rol undensified
which a surfac

erience, was set
ensified wood, a
dhesion, which r

nce of changes 

verage adhesion
d

nsified 

Rautkari, K. La
N ISO 4624, Pai

ments: The au
ugh the bilater

COST Action F

d specimens, 
ce system shoul
t to be 2 MPa. T
as measured by
reflects the coh
in the surface e

n and amount o
densified pine s

A

aine, N. Laflin, M
ints and varnish

uthors acknow
ral project BI-F

FP0904 Conferen
treated wood be

42 

the values de
d withstand und
To conclude, th
y the test metho
hesive failure of
energy and topo

f cohesive fract
specimens with 

Adhesion 
[MPa] 
4.70 
2.57 

 

M. Hughes, J. M
hes – Pull-off te

wledge the fina
FI/12-13-013 “

ce"Evaluation, pr
ehaviour by exper

Ap

etermined are 
der normal use

he observed dec
od employed, c
f the substrate, a
ography follow

ture of the cont
the SPU coatin

Mater. Sci. 46(
est for adhesion

ancial support 
“Surface treatm

rocessing and pre
rimental and num

pril 9-11, 2013, PP

above the us
. This minimum

crease of adhesi
ould be a comb
and the ‘real’ ad

wing densificatio

trol undensified
ng 

Cohesive frac
[%] 
79 
87 

14), 4780-4786
n, 2003 

by the Sloven
ment of the sur

edicting of THM 
merical methods" 
PIMC, Romania 

ual minimum 
m requirement, 
ion of coatings 
bination of the 
dhesion which 
on.  

d and surface 

cture 

6, 2011 

nian Research 
face densified 



COST Action

 

 

Session 3 
 

The Beh

Callum HI

1Fores

2Aalto Uni

 
Keywords: s
 
The water va
densified, th
densification 
equilibrium m
water vapour
between the f
subjected to a
isotherm betw
 

Fig
 
Irrespective o
loops (sorptio
sample. Afte
unmodified w

n FP0904 Confere
treated wood b

haviour of 
Isot

ILL1, James RA

st Products Res

iversity, School

orption, isother

apour sorption 
hermally modi

has been inves
moisture conten
r sorption isoth
first and subseq
a combination 

ween the first an

gure 1. Change

of the wood tr
on hysteresis) 
er the first sor
wood, even thou

ence"Evaluation, 
behaviour by exp

A

Sorption H
therm of Th

AMSAY1, Lau

earch Institute, 
Edinb

l of Chemical T

c.h

rm, hysteresis, g

behaviour of 
fied, or subje
stigated. It was
nt (EMC) of th

herms were rep
quent sorption 
of the two trea

nd subsequent c

es in sorption is

eatment the di
was the same 
rption cycle, th
ugh the isotherm

processing and p
perimental and nu
April 9-11, 2013, 

43 

Hysteresis in
hermally M

 
uri RAUTKAR

 
Edinburgh Nap

burgh, EH10 5D
Technology, De

Espoo, Finland
hill@napier.ac.

glass transition 

Scots pine (Pi
ected to a co
s found that all 
he wood samp
roducible for th
cycles for the d
atments. This is
cycles have bee

otherms betwee

fference betwe
and greater th
he hysteresis d

ms were differen

predicting of THM
umerical methods
PPIMC, Romani

n the Wate
Modified W

RI2, Mark HUG

pier University,
DT, UK 
epartment of Fo
d 
.uk 

temperature, th

nus sylvestris 
ombination of 

modifications 
les throughout 
he unmodified 
densified, therm
s the first time 

en reported for t

en the first and 

een the adsorpt
an that observe
decreased to t
nt (1).  

M 
s" 
ia 

er Vapour S
Wood 

GHES2, Kristii

, Merchiston Ca

orest Products T

hermal modifica

L.) and Scots 
f thermal mod

resulted in a d
the hygroscop
wood samples

mally modified 
that changes i

thermally modi

 
subsequent cyc

tion and desorp
ed for the unm
the values obs

 

Sorption 

ina LAINE2 

ampus,  

Technology, 

ation 

pine that was 
dification and 
decrease in the 
pic range. The 
s, but changed 

and for wood 
in the sorption 
fied wood.  

cles 

ption isotherm 
modified wood 
served for the 



 

Figure 2. Cha

 
The sorption 
parallel expon
in terms of a 
elements coup
method is sho
 

Figure 3. Ch

References: 
1. C. H

Sci.
 

 

anges in hystere
(c) thermally

kinetic behavio
nential kinetics
fast and slow k
pled in series (i
own below. 

hanges in modul

Hill, J. Ramsay
. 47(7), 3191-3

COST Action F

esis between fir
y modified and 

our was also in
s (PEK) model. 
kinetic process 
i.e. relaxation-l

lus calculated fr
data (letters 

y, B. Keating, K
197, 2012 

FP0904 Conferen
treated wood be

44 

rst and subsequ
(d) thermally m

nvestigated and
The PEK mod
and this has be
imited kinetics)

from the Kelvin
are the same as

 

K. Laine, L. R

ce"Evaluation, pr
ehaviour by exper

Ap

uent cycles for (
modified and de

d found to be ac
el describes the

een interpreted i
). Data for the m

n-Voigt interpre
s in Figure 2) 

Rautkari, M. Hu

rocessing and pre
rimental and num

pril 9-11, 2013, PP

 
(a) unmodified, 
ensified wood  

ccurately descr
e dynamic sorpt
in terms of two
modulus calcul

 
etation of the so

ughes, B. Const

edicting of THM 
merical methods" 
PIMC, Romania 

 (b) densified, 

ribed using the 
tion behaviour 

o Kelvin-Voigt 
ated using this 

orption kinetic 

tant, J. Mater. 



COST Action

 

 

Session 3 
 
Effect of

R

1Uni

Keywords: p
 
The wood ma
appearance o
during the ser
consequence 
of a materia
treatments in 
the stability o
The heat treat
Németh et al 
In the presen
investigated. 
Poplar is on
increasing ar
target of this
under outdoo
material prop
and due to ex
Initial colour
significantly 
increase after
different L* 
12th month. 
treatment tem
be found in t
wood decreas
samples decr
samples. 
The red hue 
untreated mat
low before w
untreated sam
Significant di
Namely, red h
After a sligh
remarkably a

n FP0904 Confere
treated wood b

f treatment

Róbert NÉME

iversity of West

paraffin, linseed

aterial is often p
f wood is comp
rvice life of the
of outdoor exp
l for using un
linseed oil (OH

of the colour is
tment procedur
[1].  

nted research w
This wood spe
e of the most 
ea of new plan

s research work
or conditions w
perties were des
xposure for diffe
r of OHT and 
higher than by
r the first mon
values (as the 
Both of OHT 

mperature and l
terms of chang
sed more than l
reased permane

(a*) of the hea
terial underwen

weathering. At th
mples got close
ifferences could
hue of OHT wo
t increase duri

and continuousl

ence"Evaluation, 
behaviour by exp

A

t medium o
during n

ETH1, László T

t Hungary, Facu
S

2Institute of
nem

d oil, CIELab, w

preferred in out
posed from the
e product due t

posure is the we
nder outdoor c
HT) and in para
s a major factor
re in paraffin ba

work Pannonia P
ecies is wide sp

important pla
ntations their im
k was to comp
without coating
scribed by Bak 
erent hardwood
PHT wood w

y OHT wood. 
nth, and decrea

consequence o
and PHT sam

longer duration
e in lightness b
lightness of PH
ently, but it re

at treated samp
nt a slight decr
he end of the e

er to each other
d be found in t
ood decreased m
ng the first mo
ly. The measur

processing and p
perimental and nu
April 9-11, 2013, 

45 

n the colou
natural we

 
TOLVAJ2, Mik

 
ulty of Wood S
Sopron, Hungar
f Physics, Sopro

methr@fmk.nym
 

weathering, heat

tdoor using, nev
e texture and th
to exposure to s
ell known greyi
conditions, wea
affin (PHT) mo
r of a product’s
ath and its effec

Poplar (Populus
pread in Hunga
antation grown 
mportance will
are the colour 

gs. The OHT t
& Németh [3]. 

d species was pu
as similar, how
The lightness 

ased continuou
of different trea

mples darkened 
ns resulted in le
between OHT a

HT wood during
emained squar

ples decreased 
rease in this pro
experiment (afte
r, but the treate
terms of change
more than red h
onth the yellow
red differences 

predicting of THM
umerical methods
PPIMC, Romani

ur change o
athering 

klós BAK1, Diá

Sciences, Institu
ry 
on, Hungary 

me.hu 

t treatment 

vertheless becau
he colour. But t
sunlight, rain a
ng effect. In or

athering tests a
odify the colour
s value, thus it 
ct on different m

s × euramerica
ary, with consid

species in Hu
l even increase
stability of OH

treatment and i
The colour cha

ublished [4-8].
wever yellow h
(L*) of the tre
sly in the subs
atment schedul
at the end of 

ess darkening. 
and PHT wood
g weathering. T
ely higher as 

continuously d
operty; howeve
er one year) a* 
ed ones still ha
e in red hue be

hue of PHT woo
w hue (b*) of t
in the initial b

M 
s" 
ia 

of heat trea

ána CSORDÓS

ute of Wood Sci

use of its aesthe
the latter one ca
nd temperature

rder to prove th
are recommend
r of the wood f
calls for specia

material propert

ana cv. Pannon
derable shares 
ungary, and co

e in the future 
HT, PHT and n
its influencing 
ange due to ther

hue (b*) of PH
eated samples s
sequent period
les) were equal
the experimen

Significant diff
d. Namely, ligh
The lightness of

the lightness o

during the whol
er it’ starting v
values of the t

ad stronger redd
etween OHT an
od. 
the treated sam

b* values (diffe

 

ated wood 

S1 

ience,  

etic value. The 
an be changed 
e changes. The 
he applicability 
ded. The heat 
favourable, but 
al emphasises. 
ties is given by 

nia) wood was 
in the forests. 

onsidering the 
[2]. The main 
natural timber 
effect on the 

rmal treatment 

HT wood was 
showed minor 
. The initially 
lized until the 

nts, but higher 
ferences could 
htness of OHT 
f the untreated 
of the treated 

le period. The 
value was very 
treated and the 
dish character. 
nd PHT wood. 

mples declined 
erent treatment 



 

schedules) we
were diminis
values of OH
change of the
PHT wood de
The ΔE* valu
the 3rd and 4
exceeded the 
only exceede
be obtained in
of the lower d
160°C treatm
smaller, becau
material treat
the higher tem
Different trea
colour values
initially differ
samples drew
diminished. T
important.  
An interestin
lower total co
behaviour of 
The colour ch
case of 160°C
material is d
temperature i
for aesthetica
but by 200°C
of the treatme
Further inves
exposure. Th
samples so fa
 

Figure 1

 

ere equalized a
hed between tr

HT and PHT wo
e yellowish char
ecreased more p
ues of all samp
th month of exp
significant, wi

d the value of 1
n terms of PHT
decrease in ligh

ments. But in c
use of the mino
ed at lower (16

mperature (200°
atments (tempe
s changed durin
rent colours be

w near to the tre
This result cal

g result for Po
olour change va
Poplar can be e
hanges of the tr
C treatment du

depending on th
is favourable fo
al applications. 
C treatments OH
ent medium we
tigations are ru

he results are p
ar.  

a. 
1. Total colour c

COST Action F

at the end of the
reated and untr
od at 160°C we
racter in case of
pronounced com
ples increased c
posure time, in
ith naked eye w
12 in terms of Δ
T wood; howev
htness and red h
case of the tre
or decrease in y
60°C) temperatu
°C). 
eratures and du
ng outdoor wea
came similar by

eated ones, thus
lls for colour 

oplar was found
alues, compared
explained by the
reated samples 

uring the invest
he treatment p
or outdoor appl
By 160°C treat
HT resulted in 
ll. 

unning in order 
promising, as n

 
change (ΔE*) o

FP0904 Conferen
treated wood be

46 

e exposure tim
reated samples 
ere similar, but 
f oil and paraffi
mpared to OHT
continuously du
n case of untreat
well visible valu
ΔE* after 7-10 

ver some differe
hue, total colou
atments at 200

yellow hue. In c
ure underwent m

urations) resulte
athering remark
y the end of the
s due to longer 
protection in 

d, as the higher
d to the lower te
e low extractive
did only excee

tigated period. 
parameters, ma
lication howeve
tments PHT suf
better colour p

to evaluate the 
no cracks could

 
of OHT (a) and 

weathering 

ce"Evaluation, pr
ehaviour by exper

Ap

e. At the end o
in terms of ye
heat treatment 

fin. In case of 20
T wood. 
uring the invest
ted and OHT w
ue of 12. Wher
months (Fig. 1

ences could be 
ur change of PH
0°C, total colo
case of both OH
more sever total

ed in different 
kably. Regardle
e exposure time
exposure time 
case of applic

r (200°C) treatm
emperature (16
e content.  
ed the changes 
It means that t
inly on the tem
er on long term
ffered less colou
protection. This 

checks and cra
d be observed o

PHT (b) wood 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

of the 12th mon
ellow hue. The 
at 200°C result
00°C treatment

tigated period. 
wood at 160°C t
reas the OHT w
1/a). Similar ten
observed (Fig. 

HT wood is sm
ur change of O

HT and PHT it i
l colour change

colour values
ess the applied 
e. The colour of
the differences

cations where 

ment temperatu
60°C) due to we

of the untreate
the colour stabi
mperature. Hig

m colour protec
ur change durin
result shows th

acks due to long
on the surface 

b. 
during 1 year o

edicting of THM 
merical methods" 
PIMC, Romania 

nth differences 
decreas in b* 

ted in different 
t yellow hue of 

By the end of 
the differences 
wood at 200°C 
ndencies could 

1/b). Because 
maller in by the 

OHT wood is 
is statable, that 
es compared to 

. These initial 
treatment, the 

f the untreated 
s likely will be 

the colour is 

ure resulted in 
eathering. This 

ed materials in 
ility of treated 
gher treatment 
ction is needed 
ng weathering, 
he importance 

g term outdoor 
of the treated 

 

of natural 



COST Action

 

 

References: 
1. R. N
2. G. K
3. M. 
4. N. 

gom
emp
200

5. L. O
6. S. F

by 
Eur

7. L. P
8. L. D

 
Acknowledg
Social Fund 
and TÁMOP-
talented stude
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

n FP0904 Confere
treated wood b

Németh, M. Ba
Katona, S. Fehé
Bak, R. Német
Horváth, A ter

mbaállóságra, 
phasizes to the
08 
Oltean, R. Ném
Feher, Sz. Kom
heating treatm
rope 2012. Sopr
Persze, L. Tolva
Denes, E. Lang

ments: The pro
(TÁMOP-4.2.2
-4.2.2.B-10/1-2
ents at the Univ

ence"Evaluation, 
behaviour by exp

A

ak, D. Csordós, 
ér, Wood Res.-S
th, BioRes. 7(7)
rmikus kezelés 
(Effect of the

e fungal resista

met, C. Hansman
man, R. Taschn
ment. In: The 5t

ron: Nyugat-ma
aj, J. Photochem
, J. Photochem.

oject was finan
2.A-11/1 KONV
2010-0018 “Dev
versity of West 

processing and p
perimental and nu
April 9-11, 2013, 

47 

Holztechnologi
Slovakia 57(4), 
).5128-5137, 20

hatása a faan
ermal treatmen
ance), PhD-The

nn, A. Teischin
er, Z. Borcsok,
th Conference 
agyarországi Eg
m. Photobiol. B
. Photobiol. B-B

nced by Europe
V “Environme
velopment of th
Hungary”) 

predicting of THM
umerical methods
PPIMC, Romani

ie, 53(6), 5-10, 
631-638, 2013

012 
nyag tulajdonsá
nt on the woo
esis. Univeresit

ger, Wood Res.
, Increasing the
on Hardwood 
gyetem Kiadó, 

B-Biol. 108, 44-
Biol. 118, 9-15,

ean Union and 
ntally consciou

he complex con

M 
s" 
ia 

2012  
 

ágaira, különö
od properties, 
ty of West Hun

 55(1), 49-58, 2
e value of hard
Research and 
125-134, 2012 

-47, 2012 
, 2013 

co-financed by
us energy effic
ndition framewo

 

ös tekintettel a 
with special 

ngary. pp.145, 

2010 
dwood veneers 

Utilisation in 

y the European 
cient building” 
ork for nursing 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COST Action FFP0904 Conferen
treated wood be

48 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



COST Action

 

 

Session 3 
 
Experim

1 Materia

2Labo

Keywords: L
 
Linear weldin
application o
temperature a
create a joint
joint is depen
A possible ap
example cros
pieces are bon
strength and 
different angl
The present w
welded piece
complete cha
test is of parti
same setup. A
properties. An
Figure 1. 
 

F

n FP0904 Confere
treated wood b

ental and n
w

Martin RHÊ

al and Wood Te

oratory of Appli

Linear welding, 

ng of wood is a
of pressure and
at the interface
t. It has been sh
ndent on both w
pplication for 

ss laminated pan
nded in a perpe
fracture proper

les. 
work investigate
s and, (2) the d

aracterization, te
icular interest b

As mentioned b
n example of t

Figure 1. Experi

ence"Evaluation, 
behaviour by exp

A

numerical i
welded joint

ÊME1, John B

echnology, Bern
CH-2

ied Mechanics a
CH-1015

ma

Arcan test, Me

an assembly m
d relative mov
e and enables m
hown in some s

welding paramet
welded wood j
nels). In this ty
endicular manne
rties of welded

es the influence
direction of the
ensile, shear an
because it enabl
by Valentin et a
he Arcan setup

imental setup o

processing and p
perimental and nu
April 9-11, 2013, 

49 

investigatio
t using the 

 
OTSIS2, Joël C

 
n University of 
500 Biel, Switz
and Reliability,
5 Lausanne, Sw

artin.rheme@bfh
 

echanical prope

ethod based on
vement betwee
molten material
studies [1,2] th
ters and wood f
joint could be 

ype of assembly
er. Therefore it

d joints produce

e of, (1) the ang
 displacement i

nd mixed loads a
les to character
al. [3], the Arca
p used in this w

of the Arcan test

predicting of THM
umerical methods
PPIMC, Romani

ons of mech
Arcan setu

CUGNONI2, P

f Applied Scienc
zerland 
 EPFL, LMAF-

witzerland 
fh.ch 

erties, Fibres ori

n friction weldin
n two wood p
l to flow betw

hat the mechani
fibres orientatio

the fabrication
y, the longitudin
t is of interest to
ed with wood 

gle between the
in the plane of 
are investigated
rise several exp
an test is also su
work with weld

t. (a) in tension

M 
s" 
ia 

hanical pro
up 

Parviz NAVI1 

ce, Solothurnstr

-STI-EPFL, Sta

ientation 

ng technology.
pieces, locally 
een the pieces 
ical performanc
on.  
n of multi laye
nal directions o
o characterize th
pieces and fibr

e longitudinal d
the weld. Furth

d. For this purp
erimental cond
uitable to inves

ded specimens i

n and (b) in shea

 

operties of 

rasse 102,  

ation 9,  

 Simultaneous 
increases the 
and therefore 

ce of a welded 

ers panels (for 
of the different 
he mechanical 
res oriented at 

direction of the 
hermore, for a 
ose, the Arcan 

ditions with the 
stigate fracture 
is presented in 

 
ar. 



 

In a first step
The goal is to
layers at diffe
the orientatio
interaction be
mm and its w
The second s
mechanical s
Fracture char
initial crack.  
Figure 2 give
shear stress 
represented a
the middle o
specimen (pa
surface. Simi
achieve a suff
 

Figure 2. 

References: 
1. C. G

phy
thes

2. P. O
200

3. G. V
 
Acknowledg
Science Foun
 
 
 
 

 

, the test condit
o investigate the
erent angles. Th
on of the fibres
etween the surfa

width to 10 mm.
step consists of 
strength of the
racteristics are a

es an overview
on the interfa

as a function of 
of the profile. 
arallel to the thic
ilar investigatio

fficient homogen

Simulated shea

Ganne-Chédevi
ysico-chimiques
sis, Université H
Omrani, H.R. M
09 
Valentin, P. Ca

ments: The au
ndation. SNF pr

COST Action F

tions are simula
e influence of t
he model takes 
. In a first app

faces of the two
  

f producing the 
 welded joints
also tested with

w of how the ge
ace. More prec
f the specimen’s
The results sh
ckness direction
ons show that 
neous profile o

ar stress profile
distance

ille. Soudage lin
s et développem
Henri Poincaré

Mansouri, G. Du

aumes, Wood Sc

uthors greatly a
roject Nr. CRSI

FP0904 Conferen
treated wood be

50 

ated with a finit
the geometry an
into account th

proximation, the
o wood pieces. T

appropriate sp
s in shear, ten
h the same expe

eometry of the 
cisely, the prof
s shape. The st

how that the in
n) leads to mor
in the case of 
f tensile stresse

e according to d
e values are nor

 

néaire du bois:
ment d’une techn

, 2008  
uchanois, A. Piz

ci. Technol. 23, 

acknowledge th
I22_127467/1 

ce"Evaluation, pr
ehaviour by exper

Ap

te element (FE)
nd the possible 
e cylindrical or
e welded joint 
The total heigh

pecimens and ex
sion and in an

erimental setup 

specimen influ
files along the
resses are relat
ntroduction of 
re homogeneou

tension testing
es on the interfa

different groove
rmalized. 

 étude et compr
nologie d’assem

zzi, J. Adhes. S

43–53, 1989 

he financial su

rocessing and pre
rimental and num

pril 9-11, 2013, PP

 model for all c
out of plane ef

rthotropic natur
is simply mod

ht of the specim

xperimentally d
n intermediate 
and specimens

uences the distr
e middle of th
tive to the maxi

grooves on th
s stress distribu
g, no groove is
ace.  

e shapes. The str

réhension des m
mblage innovan

Sci. Technol. 23

upport of the S

edicting of THM 
merical methods" 
PIMC, Romania 

configurations. 
ffect due to the 
re of wood and 
elled as a tied 

men is set to 20 

determines the 
mixed mode. 

s containing an 

ribution of the 
he surface are 
imum value in 
he side of the 
ution along the 
s necessary to 

 
resses and 

modifications 
nte. PhD 

, 2057–2072, 

Swiss National 



COST Action

 

 

Session 3 
 
Prelimina

Silvia F

Keywords: T

Turkey oak i
present in the
its easy tende
work was to
treatment in v
Two green lo
mm thick. Ste
to perform d
thermo-vacuu
a convection 
the process ar
Wood was dr
hours. 
Mass loss (M
treated and c
heartwood. E
humidity (RH
The average M
Concerning E
 

Table 1. EM

Treatme
combinat

Contro
ST-NT
NST-T
ST-TT

 
Steaming and
water, particu
the latter show
respectively i
ratio of the di
index is an in

n FP0904 Confere
treated wood b

ary tests of 
on T

FERRARI1, L

1CNR-IVA
2University o

Turkey oak, stea

is a wooden sp
e Apennine Mou
ency to crack, it
 improve woo

vacuum conditi
ogs were initiall
eamed and also
drying and ther
um process, wh
heat transfer a

re continuously
ried until the 0%

ML), equilibriu
control materia
EMC was calcu
H) of 65%. 
ML value, as co
EMC, results are

MC for T. oak sa

ent 
tions 

EMC

ol  11
TT 10
TT  10
T  10

d thermal treat
ularly when bot
wed an EMC re
in case of comb
ifference betwe

ndicator of the m

ence"Evaluation, 
behaviour by exp

A

f combined 
Turkey oak

uigi TODARO
M

ALSA, via Biasi
of Basilicata, V

fer

aming, thermo-

pecies widely d
untains. Compa
ts lower techno

od quality by t
ons.  
ly steamed in a

o not steamed bo
rmal modificat

hich has been al
nd can be defin

y removed from
% of moisture c

um moisture co
al (not steamed
ulated at norm

onsequence of t
e reported in tab

apwood and hea
treated; N

C ± s.d (%) 
sapwood

.39±0.05 
0.80±0.09 
0.78±0.1 
0.43±0.08 

tment significan
h treatments oc
eduction more v
bined treatmen
een the EMC of
material homog

processing and p
perimental and nu
April 9-11, 2013, 

51 

steaming a
k (Quercus 

 
O2, Ignazia CU
Mario MARRA

 
i 75, 38010 San

V.le Ateneo Luc
rrari@ivalsa.cn

 
vacuum proces

 
distributed in S
ared to the othe
logical quality 
treating T. oak

a vessel at 110°
oards were then
tion under low
lready describe
ned as an open

m the kiln by me
content and then

ontent (EMC) 
d and not trea

mal conditions, 

the thermo-vacu
ble 1. 

artwood. ST= s
NTT=not therma
ΔEMC (%) 
d 

- 
-5.17 
-5.35 
-8.42 

ntly influence 
ccur. Sapwood a
variable and hig
ts. In table 1 is
f sapwood and 
geneity in terms

predicting of THM
umerical methods
PPIMC, Romani

and therma
cerris L.) w

CCUI1, Ottavi
A1 

n Michele a/A. T
ano 10, 85100 P

nr.it 

ss 

outh-Eastern E
er oaks, T. oak i
and lower dura

k through comb

° C for 24 hour
n loaded into th

w pressure cond
ed in previous w
n system becaus
eans of a pump w
n it was therma

and color chan
ted), distinguis
i.e. temperatur

uum treatment, 

steamed; NST=n
ally treated 

EMC ± s.d (%
hea

10.40±0.08
10.41±0.25
7.83±1.16
9.19±0.60

wood EMC by
and heartwoods
gher than the fir
s also reported 
heartwood and

s of hygroscopi

M 
s" 
ia 

al-vacuum 
wood  

iano ALLEGR

Trento, Italy 
Potenza, Italy 

Europe and in I
is less apprecia

ability. The aim
bined steaming

s and then cut i
he dedicated ma
ditions (200-25
works [1], is ch
se all the volati
which keeps th

ally treated at 1

nge (ΔE) were
shing between 
re (T) of 20°C

was around 0.8

not steamed; TT

%) ΔEMC (%
artwood 

- 
-0 

-24.71 
-11.63 

y reducing woo
s behaved diffe
rst, i.e. -11.63 %
the index IDhyg

d the EMC of he
city. The index

 

treatment 

RETTI1,  

Italy is mainly 
ated because of 

m of the present 
g and thermal 

into boards 32 
achine in order 
50 mbar). The 
haracterized by 
ile products of 

he set pressure. 
60°C for three 

e measured on 
sapwood and 

C and relative 

8 ± 0.3%. 

T= thermally 

%) IDhyg 
 

6.95 
3.96 
37.68 
13.49 

od affinity for 
rently because 
% and -8.42%, 
g given by the 
eartwood. The 

x decreased for 



 

steamed woo
material comp
Color of treat
oak wood is a
already startin
Even the the
compared to s
As conseque
treatments, is
Moreover the
heartwood as
shifted for no
material respe
treated. 
 

 
 N

 s
L*±sd 60.
a*±sd 9.9
b*±sd 19.6
ΔE±sd 
 
The present w
improved thro
(no cracks or 
above 160°C
species. 
 
References: 

1. O. A
366

2. L. T
3. L. T

 
Acknowledg
vacuum plant
 
 
 
 
 
 
 
 
 
 
 

 

od but increase
pared to contro
ted wood becam
affected by sign
ng at moderate 

ermal treatment
steaming, proba
nce the ΔE va
 higher than the
e two treatmen

s already report
ot steamed ma
ectively, while 

Table 2. Co
Steam

Not therm.treated
sap heart
1±1.3 57.9±2
9±0.3 8.5±0
6±0.7 18.0±1

  

work demonstra
ough steaming 
collapse were n
 with the aim 

Allegretti, M. B
69, 2012 
Todaro, R. Zanu
Tolvaj, S. Moln

ments: The au
t, for the technic

COST Action F

d significantly 
l.  
me darker, mai
nificant microst
temperatures (1
t contributed to
ably because of
alue of not ste
e one calculated
nts improved 
ted by Tolvaj e
aterial from 14
ΔE remained c

olor coordinates
med material 
d Thermal
t sap 
2.1 53.1±0.6
.5 9.9±0.2

1.0 18.5±0.3
6.6±0.6

ated that dimen
and thermo-va
noticed). Future
of further imp

Brunetti, I. Cucc

uttini, A. Scopa
nár, Acta SilvLig

thors would lik
cal support. 

FP0904 Conferen
treated wood be

52 

after thermal 

inly because of
tructural change
100–120° C) [2
o the darkenin
f the low tempe
eamed materia
d for steamed w
the color hom

et al. [3]. ΔE, c
.8 to 8.9 for n

constant at a val

s for sapwood (

lly treated  
heart 

50.9±0.9 7
7.5±0.3 

16.6±0.8 2
7.0±0.6 

nsional stability
cuum treatmen
e work will see
roving technol

cui, S. Ferrari, M

a, Wood Techno
gn. Hung. 2, 10

ke to acknowled

ce"Evaluation, pr
ehaviour by exper

Ap

treatment deter

f the steaming p
es when it is tre
2]. 
g of the mater

erature adopted 
l, calculated b

wood as shown i
mogeneity of w

alculated betwe
not thermally tr
lue of 3 for stea

(sap) and heartw
Not 

Not therm.trea
sap he

76.8±1.0 62.3
5.6±0.5 7.0
21.5±1.0 19.3

 

 and color hom
nt keeping at the
ek to thermally 
ogical characte

M. Nocetti, N. 

ol. 46, 563–578
05-112, 2006 

dge WDE-Masp

rocessing and pre
rimental and num

pril 9-11, 2013, PP

rmining a less 

process. In fact
eated with steam

rial, but with a
(160° C).  

before and afte
in table 2.  

wood between 
een sapwood an
reated and ther
amed wood eve

wood (heart) 
steamed mater

ated Therm
eart sap 
3±1.4 63.6±2

0±0.2 7.7±0.
3±0.8 22.7±0

 14.0±2

mogenisation of 
e same time the
modify T. oak 

eristics and dur

Terziev, BioRe

8, 2012 

pell, producer o

edicting of THM 
merical methods" 
PIMC, Romania 

homogeneous 

t, the moist T. 
ming processes 

a minor effect 

er the thermal 

sapwood and 
nd heartwood, 
rmally treated 
en if thermally 

rial 
mally treated 

heart 
2.0 54.3±0.9 
.6 7.5±0.3 

0.9 19.9±0.3 
2.4 9.3±0.9 

f T. oak can be 
e wood quality 
at temperature 
rability of this 

es. 7(3), 3656-

of the thermo-



COST Action

 

 

Session 4 
 

Challeng

Keywords: b
 
A dielectric h
wood to be b
discussed. Th
In practise th
moisture cont
through diele
theoretical ap
recent work d
The short pro
the strain fie
moisture con
temperature w
curved pieces
from damage
heating stage,
stage, the tem
stage the mo
proportion wo
 

 
Figure 1. T

 
During the dr
the required 
continues unt

n FP0904 Confere
treated wood b

ges using d

Jimmy JO

Li

bending, beech, 

heating techniq
bent in one ste
he main purpos
his means redu
tent of about 2
ectric heating 
pproach is well
described thorou
ocessing cycles 
elds that occur
ntent in beech w
was measured 
s, i.e. curved pi
e, cracks etc. Th
, the rejection i

mperature is alm
oisture content 
ould be 100 % 

Temperature, mo

rying stage, the
radius. In Figu

til no or a low a

ence"Evaluation, 
behaviour by exp

A

dielectric he

OHANSSON, L

innaeus Univers
jimm

plasticizing, th

que for solid w
ep, is presente
e to use dielect

ucing the time 
5 % to 6-8 % f
for shaping w

l documented b
ughly a process
gives high dem

r in the wood 
wood during a 
at the centre o

ieces that do no
he graph shows
s by definition 
most constant a
is about 10 %
as a consequen

oisture content 
solid beech w

e moisture conte
ure 1, it is cle
amount of wate

processing and p
perimental and nu
April 9-11, 2013, 

53 

eating for T
 

Lars BLOMQV
 

sity, SE-351 95
my.johansson@l

 
hermo-hydro-me

wood bending, i
d and the chal
tric heating is t
to bend and d

from about 3 d
wood has been
by Torgovnikov
s for bending so
mands on contro

during process
bending proce

of each piece. 
ot satisfy the req
s the rejected p
100 % as the p
and the moistur

%. If the proces
ce of spring-ba

and rejection a
wood using diel

ent is lowered t
ear that the mo
er remains in the

predicting of THM
umerical methods
PPIMC, Romani

THM proce

VIST, Dick SA

5 VÄXJÖ, Swed
lnu.se 

echanical proce

i.e. for heating
llenges to use 
to decrease the 
dry a straight p
days to about 10
n studied for s
v [8]. Navi and
olid wood by us
olling the moist
sing. Figure 1 
ess (mean value
Figure 1 also 
quirements in b

proportion as a 
ieces are not ye
re content drop
ss were stoppe

ack of the curve

as a function of 
ectric heating.

to a level where
oisture content
e wood. The tem

M 
s" 
ia 

essing of so

ANDBERG 

den 

essing 

g, plasticizing a
this technique 
time of the ben
piece of solid 
0 minutes. Plas
several years [
d Sandberg [9]
sing dielectric h
ture content, te
shows the tem

es for 21 wood
shows the reje

bending radius 
function of tim

et curved. Durin
ps rapidly. At t
ed at this time,
d pieces. 

 

time during the

e the curved sh
t falls as long 
mperature rises

 

olid wood 

and drying the 
in practise is 

nding process. 
wood from a 

sticizing wood 
[cf. 1-7]. The 
] have in their 
heating. 
mperature and 
mperature and 
d pieces). The 
ection level of 
or are not free 

me. During the 
ng the bending 
the end of this 
, the rejection 

e bending of 

hape is fixed at 
as the drying 

s from 95°C to 



 

about 98°C d
about 60 sec
wood pieces. 
the bending p
The curves in
be stopped to
optimal proce
Different type
of cell walls i
in the dielectr
the structure o
Conclusions:
Dielectric hea
speed solid w
the raw mate
the electroma
To reach a lo
time for the d
bending is ve

References: 
1. M. 
2. M. 
3. M. 

Wo
4. M. 

pre
5. M. 
6. O. E

infl
Uni

7. D. 
of b
The
Sop

8. G.I
Ver

9. P. 
Lau

 
 
 
 
 
 
 
 
 
 
 

 

during 360 seco
onds. The proc
If the drying c

process is stopp
n Figure 1 show
o ensure a low r
essing time is o
es of damage th
if the steam gen
ric field, tensile
of the wood (de
: 
ating technique

wood bending pr
rial is needed a

agnetic field and
ow rejection lev
different proce
ry small. 

Norimoto, Woo
Norimoto, H. W
Mori, S. Naka
od Ind. 39(12),
Norimoto, K. 

edetermined con
Norimoto, J. G
Eggert. Untersu
luencing factor
iversität Stuttga
Sandberg, J. Jo
beech. In: Bejo
e 2nd European
pron, Hungary, 
. Torgovnikov
rlag, Berlin, 199
Navi, D. San

usanne, 2012 

COST Action F

onds. The reject
cess should be 
continues, the r
ped, as in the e

w that there is a 
rejection rate o
f course depend
hat may occur i
nerated within t
e or compressiv
eviating fibre or

e can be used fo
rocess (open sy
and the equipm
d to prevent ste
vel in the bend
ssing stages, h

od Res. Rev. 14
Wada, K. Haseg
azwaa, M. Nori
 600–603, 1984
Hasegawa, M

nfiguration, U.S
Gril, J Microwav
uchung der Einf
rs on solid wo
art, 1995 
ohansson, A new
, L. (Ed.). Hard
n Conference o
156–161, 2005

v, Dielectric pr
93 
ndberg, Therm

FP0904 Conferen
treated wood be

54 

tion falls from 
stopped in thi

rejection level o
example in Figu
relatively shor
f the bended pi
dent on the ener
n the wood dur
the cells of the w
ve rupture relate
rientation, knot

or plasticizing a
ystem). Howeve

ment for bending
am in the wood

ding process, th
have to be well

 

4, 13–26, 1979
gawa, I. Iida, J.
imoto, T. Yama
4 

Method and app
S. Patent, No. 4
ve Power Electr
flussgrössen be
ood.), PhD Th

w method for be
dwood research
on Hardwood. 
5 
roperties of w

o-hydro-mecha

ce"Evaluation, pr
ehaviour by exper

Ap

100 % to about
is time period, 
of bended piece
ure 1, the rejec
t time span dur
ieces and not to
rgy input into th
ring the bending
wood finds diff
ed to incomplet
ts etc.).   

and drying woo
er, a good contr
g must be desig
d from rupturing
he process para
 controlled sin

 Soc. Rheol. 8, 
ada, M. Hirano

paratus for sha
4469156, 1984
romagn Energy
eim liegen von V
hesis, Institut f

ending solid wo
h and utilisation
September 6, U

ood and wood

anical processi

rocessing and pre
rimental and num

pril 9-11, 2013, PP

t 5 % during a 
to obtain a low

es increases ag
ction rate is as 
ring which the p
oo low moistur
he wood.  
g process is rela
ficulty in escapi
te softening of t

od in a single s
rol on the moist
gned to preven
g the cell walls
meters, i.e. inp
ce the time-spa

166–171, 1980
o, M. Takaoka, 

aping wood m

y, 24(4),203–21
Vollholz. (Inves
für Werkzeugm

ood – high freq
n in Europe: ne
University of W

d-based materi

ing of wood. 

edicting of THM 
merical methods" 
PIMC, Romania 

time period of 
w rejection of 

gain, and when 
high as 40 %. 
process should 
e content. The 

ated to rupture 
ing, flash-over 
the wood or to 

sequence high-
ture content of 

nt flash-over in 
. 

put energy and 
an for optimal 

0 
T. Muranaka, 

material into a 

2, 1989 
stigation of the 
maschinen der 

quency heating 
ew challenges. 
West Hungary, 

ials. Springer-

EPFL Press, 



COST Action

 

 

Session 4 
 
Influence

Reg

1Be

2Swi

Keywords: t
formaldehyde
 
Thanks to its
treated wood 
manufacture 
Thus, this pro
is currently a
increases stea
also cotton w
which offers 
In this work
procedures: o
°C), on the o
process at hig
as only water
The oak woo
hardness, the
outdoor weath
In terms of 
untreated sam
modification 
results of th
differences i
differences be
be darkened t
Also the colo
differed from
be an environ
Another impo
Government 
(TVOC) are l
to work with
common tool
claim also lim

n FP0904 Confere
treated wood b

e of thermo
a

gula MOSER1

Thom

ern University o

iss Federal Insti

thermo treated 
e, sorption, elas

s darker colour
becomes more 
process for fum

ocess consumes
around 200’000
adily. The main

wood and maple
excellent oppor

k we investigat
on the one hand
other hand, the
gh pressure and
r is needed.  
od was investi
e porosity and 
hering. 
the porosity, t

mples and the a
of the autoclav
e Brinell hard
n the mean v
etween the thre
to a large exten
or stability of t

m the untreated 
nmentally friend
ortant topic wh
regulations req
lower than 1000
h tools, made 
l to assess the 
mits for single s

ence"Evaluation, 
behaviour by exp

A

o treatment
and VOC a
1, Thomas LOR
mas VOLKME

of Applied Scie
Solothurnstras
itute of Techno

Schafmatt
reg

hardwood, am
sticity modulus,

r fumigated wo
and more impo

migated wood, 
s a lot of energy
0 m3per year [1
n hardwood spe
e. The thermal 
rtunities for furn
ted oak, which
d, the oak wood
e oak wood w
d temperature c

igated regardin
the colour aft

the heat treatm
ammoniac fum
ve treated wood
dness showed n
values, which 
ee groups. With
nd and almost re
the autoclave t
samples. This 

dly alternative m
hich was inves

quire more and 
0 µg/m3 in the i
from toxicolog
VOC emission
ubstances of th

processing and p
perimental and nu
April 9-11, 2013, 

55 

t on wood p
and aldehyd

 
RENZ2, Philipp

ER1, Urs von A
 

ences, Architect
se 102, 2500 B

ology Zurich ET
tstrasse 6, CH 8
gula.moser@bfh

 
mmoniac treate
, bending streng

ood is highly d
ortant as an alte
wood is fumed

y and exhaust a
1]. Moreover, t
ecies used for th
treatment raise
niture and floor

h was thermal 
d was heat-stea

was fumigated 
can be more env

ng the influenc
ter treatment a

ment showed s
migated ones. Th

d and is well kn
no influence o
could be obse

h the autoclave 
eached lightnes
treated wood a
indicates that t
modification pr
stigated was th
more that the 

interior air.To e
gists. The AgB

ns of a material
he VOC emissio

predicting of THM
umerical methods
PPIMC, Romani

physical-me
de emission

p HASS2, Fréd
ARX1, Peter NI

ture, Wood and
iel, Switzerland

TH, Institute for
8093 Zürich 
h.ch 

ed hardwood, v
gth 

demanded in th
ernative to tropi
d with ammoni

ammoniac steam
the production 
hermal treatmen
es interest due o
ring.  
treated using 

amed in an auto
with ammonia
vironmental fri

ce of the treatm
and the colour 

slightly increas
his increase res
nown for heat t
of the two typ
erved, originat
treatment, the 

ss and yellow v
and the fumigat
he treatment m

ractice to the fum
he material emi
total volatile o
evaluate the me
BB-Scheme in 
l. The AgBB-S
ons.  

M 
s" 
ia 

echanical p
ns 

déric PICHELI
EMZ2 

d Civil Engineer
d  
r Building Mate

volatile organi

e flooring indu
ical wood speci
iac steams duri

ms. The produc
of thermal trea
nt are beech, as
of its resulting 

two different, 
oclave (< 2 bar
ac at room tem
endly as the fu

ment method o
stability after 

ed values, com
sults from the 
treated wood in

pes of treatmen
te mainly from
color of the oa

values like the f
ted oak behave

method in the au
migation with a
issions of treat
rganic compou

easured results, 
Germany is f

Scheme and als

 

properties 

IN1,  

ring,  

erials, 

c compounds, 

ustry. Thermal 
ies. During the 
ing one week. 
tion in Europe 

ated hardwood 
sh and oak but 
darker colour, 

but common 
r and 120 -140 
mperature. The 
umigated wood 

on the Brinell 
artificial and 

mpared to the 
slight thermal 
n general. The 
nt. The small 

m the density 
ak wood could 
fumigated oak. 
ed similar and 
utoclave could 
ammoniac.  
ted oak wood. 
unds emissions 

it is necessary 
for example a 
so some labels 



 

The VOC em
preparation, t
spectrometry 
Both, the hea
where two sa
emissions cha
Heat-steamed
After 28 days
µg/m3 (Figur
difference is v
of 186 µg/m3

hemicellulose
ammoniac ste
an emission o
The formalde
the treating pr
 

Figure 1: TVO
t

 
References: 

1. Euw
2. E. R
3. K. A
4. T. H

Pro
 
Acknowledg
promoting fo
University of 

 

missions were 
the emission ch
(GC-MS) and 

at steamed and
amples were tak
ambers.  
d oak and amm
s the TVOC of
re 1). Howeve
visible: The ma
 after 28 days i
e in acid cond
eamed wood is 
of wood is know
ehyde concentra
rocess, no form

OC concentrati
the sum of the a

wid, Holz. spec
Roffael, R. Kra
Aehlig, S. Weid
Hofmann, M. W
od. 71, 121-127

ments: Financ
orest and wood 
f Applied Scienc

COST Action F

measured acc
hambers and the

the aldehydes 
d the ammoniac
ken on the third

oniac steamed 
f heat-steamed 
er if the two p
ain single comp
in the emission 

ditions [2]. The
acetamine with

wn and discusse
ations of both 

maldehyde is pro

ion of the three 
aldehyde concen

ial: Bau & Inne
ft, P. Niemz, H
dlich, E. Zönnc
Wetzig, T. Rétf
7, 2013 

cial support fr
research, the S

ces is gratefully

FP0904 Conferen
treated wood be

56 

cording to DIN
e measurement 
by liquid chrom

c steamed oak 
d and on the 28t

oak do not diff
oak is 323 µg/

procedures are 
ponent of heat s
chamber. Furfu

e most importa
h a concentratio
ed before [3]. 
wood treating p
oduced.  

different sampl
ntration accord

enausbau 01, 8
Holz-Zentralblat
chen, Holztechn
falvi, T. Siever

rom theFedera
Swiss Federal 
y acknowledged

 
 
 
 
 
 
 
 
 
 

ce"Evaluation, pr
ehaviour by exper

Ap

N ISO 16000, 
of VOC by ga

matography and
wood were put
th day after intro

fer significantly
/m3 and of amm

compared by 
steamed oak is 
fural is a well-k
ant emission o
on of 159 µg/m

procedures are 

les according to
ding to DIN ISO

0-82, 2010 
tt 50, 1418, 200
nologie 4, 24-28
rts, H. Bergema

al Office for t
Institute of Te
d.  

rocessing and pre
rimental and num

pril 9-11, 2013, PP

which include
as chromatograp
d UV-detection
t into the emis
oducing the pro

y in the total VO
moniac steamed

single compo
furfural with a

known degradat
f a single com
3 after 28 days.

lower than 5 µ

o DIN ISO 160
O 16000-3 (righ

08 
8, 2011 
ann, P. Niemz, 

the Environme
chnology Zuric

edicting of THM 
merical methods" 
PIMC, Romania 

es the sample 
phy with mass 
n (HPLC-UV). 
ssion chamber, 
oducts into the 

OC emissions. 
d oak it is 334 
nents, a clear 

a concentration 
tion product of 
mpound in the 

 Acetamine as 

µg/m3. During 

 
00-6 (left) and 

ht) 

Eur. J. Wood 

ent FOEN, fu
ch ETH and th

und for 
he Bern 



COST Action

 

 

Session 4 
 

Stru
reinfo

Cristoph M

1Technisch

2Tec

Keywords:  
 
The purpose o
profiles and t
environmenta
manufacturin
wood profiles
the drawback
applicable an
researches, th
ecological pe
in compressio
applied to ev
to establish t
Eco-Indicator
the same load
moulded fibr
Data is take
environmenta
seems to be m
the best envir
two criteria m
time become
improve envi
 

n FP0904 Confere
treated wood b

uctural, eco
orced wood

MANTHY1, Ed

e Universität D

chnische Unive

of this paper is 
to compare them
al Life Cycle 
ng of which is d
s consist of suc
ks of wood su
nd reliable. Alt
he use of resin
rformance of th
on, serves as th

valuate the ecol
the flow diagra
r 99 (I) and CM
d bearing capac
e-reinforced w
n from the E

ally sound prod
more applicable
ronmental and 

may be satisfied
es an accepted 
ronmental awar

ence"Evaluation, 
behaviour by exp

A

nomic and
d profiles vs

deltraut GUEN

Dresden, Chair o

rsität Dresden, 
peer.

to evaluate the
m with other bu
Costing (eLC

done in a therm
h products rein

uch as low str
though wood h
n and fibres h
he entire compo
he functional un
ogical perform

am and the ma
ML, are adopted
city are designe
ood profiles ar
co-Invent data

ducts and proce
e for products.W

economical so
d by different m

approach desp
reness and will 

processing and p
perimental and nu
April 9-11, 2013, 

57 

 environme
s. solutions

 
NTHER1, And

 
of Business Adm

Germany 
Institute for Ste

.haller@tu-dred
 

e ecological per
uilding material
C). The moul

m-hydromechan
nforced by filam
rength and dur
has been prove

has a negative 
ound is assessed
nit. Finally, the
ance. Here, the
terial inventory
d to create the 
ed according to
re presented an
abase. With th
esses can be en
With the existin
olution for a sp
materials and s
pite of the pro
enhance innov

predicting of THM
umerical methods
PPIMC, Romani

ental perfo
s made of st

dreas HEIDUSC

min. – Env. Ma

eel an Timber S
den.de 

formance of mo
ls. The estimati
lded wood pro
nical regime (H
ment winding. T
rability and thu
ed to be a sus
effect on the 

d. The load-bea
e concept of lif
e evaluation utl
y of the investi
LCA. Profiles 

o the building c
d compared to 
e results from

ngineered. Com
ng knowledge an
pecific building
solutions. It is i
oblems that ar

vation in the con

M 
s" 
ia 

ormance of 
teel and co

CHKE 2, Peer 

anagement and A

Structures, Germ

oulded fibre-rei
on is based on 

ofile is a new
Haller 2007). Fi
The reinforceme
us makes the 
stainable mater
environment. T

aring capacity, w
fe cycle assessm
lizes the Eco-In
igated object. T
from steel and 

code. Results o
gluelam, steel 

m life cycle im
mpared to Eco-in

nd tools, it is p
g. In practice, h
important that 
re rather obvio
nstruction secto

 

fibre 
ncrete 

HALLER2 

Accounting, 

many 

inforced wood 
the concept of 

w product, the 
ibre-reinforced 
ent copes with 
product more 

rial in various 
Therefore, the 
which is tested 
ment (LCA) is 
nvent database 
Two methods, 
concrete with 

of the LCA for 
and concrete. 

mpact analysis 
ndicator CML 

possible to find 
however, these 
design for life 

ous. LCA will 
or. 



 

 
References: 

1. P. Há
sustai
Halle
Susta

2. A. He
Life 
Susta
2008 

3. D. Hu
Press

4. M. V
constr

5. Y. Y
buildi

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ájek, C. Fiala, 
in-able building
r, From tree tr

ainability of Con
eiduschke, J.M
Cycle Assessm

ainability of Co

unkeler, G. Re
; SETAC, Pens
eljkovic, H. Ko
ructions. Summ

Yeh, P. Haller
ings, COST25, 

COST Action F

Environmenta
g. In Proc. of 
runk to tube or
nstructions (Pro
. Cabrero, C. M

ment of Fibre-R
onstructions. CO

ebitzer, K. Lic
sacola, Florida, 
oukkari, R.P. B
mary Report of 
r, Environmen
Innsbruck, 285

FP0904 Conferen
treated wood be

58 

ally optimized f
UHPC Conf. 

r the quadratu
oceedings of W
Manthey, P. Hal
Reinforced Tim
OST Action C2

henvort, (eds.)
2008 

Borg, V. Stoian,
COST25 Innsb

ntal performan
5-294, 2011 

ce"Evaluation, pr
ehaviour by exper

Ap

floor slab usin
Kassel 2008, G

ure of the circle
Workshop), Portu

ller, E. Guenthe
mber Profiles. 
25. Proceedings

), Environmenta

, Z. Plewako, O
ruck, 1, 177-18

nce of contem

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ng UHPC – c
Germany, 879-
e. In: Braganca
ugal, 2.29 – 2.3
er, Mechanical

In: Braganca
s of Seminar, 3

al Life Cycle 

Overview on ec
87, 2011 

mporary multi-s

edicting of THM 
merical methods" 
PIMC, Romania 

 

ontribution to 
-886, 2008; P. 
a et al. (eds.), 
5, 2007 

l Behavior and 
a et al. (eds): 
3.38, Dresden, 

Costing, CRC 

co-efficiency of 

storey timber 



COST Action

 

 

Session 4 
 
Products 

Hyd

1SP

 
Keywords: T
development,
 
Whilst many 
have dealt w
Given the inc
considered. T
technologies, 
marketplace. 
country. 
 
This paper w
both TM and 
 

• Log
• Ben

mat
• Env

whe
leac

• Lon
asse

• Inte
cou

 
The overall 
modification,
as come of th
examples wh
aim to provi
circumstance
so far. 
 
 
 
 

n FP0904 Confere
treated wood b

 meeting N
dro Mechan

P Trä, SP Techn

2 Marketi

Thermal modific
, commercialisa

paper on therm
with technologic

creasing trend 
There is a nee

and what be
These benefits 

ill review many
THM) to a com

gistics – what is
nefits to be gai
terial and/or pro
vironmental con
ere possible en
ching; 
ng term benefi
essments; 
ernational mark
untries (giving e

aim of the p
 and as an aid t
he perceived hu
ere some or all
ide a ‘quick f
s. It will also m

ence"Evaluation, 
behaviour by exp

A

Needs: Appl
nical Proce

Dennis J

nical Research 
SE 114 

ing Dept, Plato 
de

cation, thermo-
ation of product

mal modification
cal advances, t
towards comm
d to critically 

enefits can be 
can vary from 

y of the key par
mmercial reality

s the need for th
ined – how do
oduct; 
nsiderations –

nhanced local r

its gained – co

keting versus l
examples). Corp

aper will be 
to the future wi
urdles for mod
l of these factor
fix’ answer, a

make suggestion

processing and p
perimental and nu
April 9-11, 2013, 

59 

lying Therm
ssing of Wo

 
JONES1, Edo K

 
Institute of Sw
28 Stockholm,
International B

ennis.jones@sp

-hydro-mechani
ts 

n (TM) and the
there has been 

mercialisation, t
assess why w
gained from 
country to cou

rameters necess
y, including: 

he modification
oes the process

such as an inc
resources, minim

onsidering issu

local marketing
porate responsi

an aid to futu
ll also consider

dified wood (su
rs have been co
nd some of th

ns on how to co

predicting of THM
umerical methods
PPIMC, Romani

mal Modifi
ood to its F

KEGEL2 

weden, Drottning
 Sweden 

BV, Arnhem, Ne
p.se 

ical modificatio

rmo-hydro-mec
limited consid

this is a growin
we are trying to

using those m
untry, even in so

sary for conver

n process; 
s increase the p

creased need fo
mising risk of 

ues such as wh

g – developing
bility to addres

ure developme
r some of the m
uch as cost). Th
onsidered, corre
he conclusions

orrect situations

M 
s" 
ia 

ication and
Fullest Pote

g Kristinas väg 

etherlands 

on, marketing, b

chanical modifi
deration of ma
ng need for ma
o develop new

modifications a
ome cases with

rting a good ide

performance of

or sustainable b
contamination 

hole life costin

g niche marke
ss all these issue

ent and market
mistakes from th
he paper will in
ected and applie
s may not app
s that have not b

 

d Thermo-
ential 

67,  

business 

ication (THM) 
arket potential. 
arketing to be 

w modification 
already in the 
in regions in a 

ea (in this case 

f the resulting 

building, using 
as a result of 

ngs, life cycle 

ets in selected 
es. 

ting of wood 
he past, as well 
nclude several 
ed. It does not 
ply to certain 
been corrected 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COST Action FFP0904 Conferen
treated wood be

60 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



 

 
 
 
 
 
 
 
 
 
 
 
 

Short 
oral presentations 

 
 
 
 
 
 
 



COST Action

 

STSM 
 

Usin

1

St

Keywords: D
 
Beech and sp
order to evalu
modification 
commonly us
a function of
indications of
with DMA th
the molecula
extractive com
the DMA-equ
about the pro
(Picea K. abi
were used. Du
that the appl
direction. DM
rapid and sen
damping (tou
was used to 
temperature s
with 1 Hz fre
E’, loss modu
DMA isother
for 2.5 hours.
The influence
showed simil
of the chain 
various direc
movements a
When the pr
increase with
specimens te
decreased sto
and 250°C, t
decrease of th
to the movem

n FP0904 Confere
treated wood b

ng Dynamic
unders

Andreja 

1University of P
2Empa, Swis

tructural Engine

DMA, mechanic

pruce specimen
uate the possibi

process. Sinc
sed to character
f temperature is
f potentially oc
he performance
ar or microstru
mpounds [2]. T
uipment while, 
ogress of the p
ies), 30 mm in 
ue to planed fla
lied loading a

MA test were pe
nsitive means t
ughness) for ma
test the specim

scans were perf
equency and str
ulus E’’, and lo
rmal tests were 
.  
e of temperatur
lar relations. Th
segment of th

ctions. As the 
and further who
redefined target
h time, approac
ested at 220 an
orage modulus 
the initial incr
he storage mod
ment of some 

ence"Evaluation, 
behaviour by exp

A

c Mechanic
standing of

KUTNAR1, R

Primorska, And
ss Federal Instit
eering Research

and

cal behaviour, t

ns were tested 
ility of integrati
e wood is a 

rize polymers m
s a very useful
ccurring chemi
e of thermally m
uctural level 

Therefore small
at the same tim

process was obt
longitudinal d

atwise bending 
acted in radial 
erformed using 
to simultaneou
aterials. The dy
mens in bendin
formed in a tem
rain 0.02 were 
oss tangent tan
performed at f

re and time on
he results revea
he polymers in 

temperature co
ole main chain
t temperature l
ching a steady
nd 230°C the 
E’, which was
ease was follo

dulus at tempera
small groups 

processing and p
perimental and nu
April 9-11, 2013, 

61 

cal Analysi
f thermo tr

 
Robert WIDMA

 
drej Marusic Ins
tute for Materia
h Laboratory, C
dreja.kutnar@up

 
thermal modific

in Dynamic M
ing viscoelastic
composite pol

may yield impor
l tool as it pro
cal modificatio

modified wood,
and degradatio
l wood specime
me, real time m
tained. Specim
irection, 6 mm
set-up the cutti
direction and 
the RSA III Rh

usly obtain an 
ynamic tempera
ng. The distanc
mperature rang
used for most D

nδ of the specim
five temperatur

n the mechanica
aled that when t

wood increase
ontinues to inc
ns can occur, r
level was reac
 state value, fo
increase was f
 more pronoun

owed with rapi
atures 220 to 25

attached to th

predicting of THM
umerical methods
PPIMC, Romani

is (DMA) fo
reatments o

ANN2, Iris BRÉ

stitute, SI-6000 
als Science and

CH-8600 Düben
pr.si  

cation, wood 

Mechanical An
c data into real 
lymeric system
rtant fundament

ovides simultan
ons [1]. The aim
, which origina
on of hemicel
ens were therm

mechanical and p
mens of beech (

 in radial, and 
ing of the speci

bending stres
heometrics Sys
elastic modulu
ature step meth
ce between the 
e 50 to 250°C.
DMA testing to

mens. Under th
re levels (200, 2

al behavior of 
the temperature
es and consequ
crease, the loc
resulting in a d
ched, the storag
for specimens t
followed with 

nced at 230°C. 
id decrease of 
50°C as the tim
he main polym

M 
s" 
ia 

or fundame
of wood 

ÉMAUD2 

Koper, Sloven
d Technology,  
ndorf, Switzerla

nalysis (DMA) 
time monitorin

m, application 
tal information

neously mechan
m of this study
ates from compl
lluloses, lignin

mally modified 
physicochemic
(Fagus sylvatic
2 mm in tange

imens was mad
sses resulted in
tem Analyzer, w

us (stiffness) an
hod with 3-poin

support was 2
. A heating rate
o obtain the sto
e same frequen
210, 220, 230, 

spruce and bee
e is increased th
uently its abilit
calized bond an
decrease in stor
ge modulus E’
tested at 200 a
short steady s
At higher temp
a storage mod

me is prolonged,
meric compone

 

ental 

ia 

and 

equipment in 
ng of a thermal 

of techniques 
. The DMA as 

nical data, and 
y was to study 
lex changes at 

n, and certain 
directly inside 
al information 

ca) and spruce 
ential direction 
de in such way, 
n longitudinal 
which offers a 
nd mechanical 
nt bending test 
25 mm. DMA 
e of 10°C/min 
orage modulus 
ncy and strain, 
240, and 250) 

ech specimens 
he free volume 
ty to move in 
nd side chain 
rage modulus. 
’ continued to 
and 210°C. In 
state and then 
peratures, 240 
dulus E’. The 
, might be due 

ents, including 



 

 

hemicellulose
which was co
the mass loss
the loss modu
the loss mod
bigger decrea
showed that 
considerably.
To examine 
modulus, the 
the elastic m
approximately
water) and aft
that were hea
was decreasin
better dampin
beech specim
and loss mod
higher for bee
Preliminary t
while, at the s

Figure 1. The

References: 
1. M.-
2. H. M

02-
 
Acknowledg
within the fra
 
 
 
 
 
 
 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

50 70 90 

ta
n 

de
lta

 

200°C 

 

e, lignin, and c
onfirmed by the
s was up to 29 %
ulus E’’ was in

dulus decreased
ase in loss modu
higher tempera
 
the interactive
tanδ, damping 

modulus was d
y 90°C, which 

fter, at about 17
ated to a higher 
ng with time. H
ng characteristi

mens shows sim
dulus E’’ of be
ech specimens. 
ests showed th
same time, getti

e tanδ of spruce
teste

-P.G. Laborie B
Militz The Inte
40241, 2002 

ments: The au
ame of Short Te

110 130 150 

Temperatur

210°C 220°C 

COST Action F

ellulose, and br
e mass loss of th
% and in beech
ncreasing until t
d at all tested t
ulus E’’. With t
ature in isother

e effect of the
property of the

determined. W
was followed 
0°C with an inc
target tempera

Higher peak tan
cs. The influen

milar relations a
eech specimens

at it is possible
ing real time in

e (left) and beec
ed with the isoth

Blackwell: Ames
ernational Rese

thors would lik
erm Scientific M

170 190 210 230 

re[°C] 

230°C 240°C 2

FP0904 Conferen
treated wood be

62 

reakdown of po
he specimens du
h specimens 38 
the target level
temperatures. H
temperature the
rmal tests affec

ermal treatment
e wood, expres

With increasing 
with steady sta
crease for all ex

ature the tanδ w
nδ value indicat
nce of temperatu
as for spruce sp
s were lower t

e to modify sma
nformation abou

 

ch (right) wood
hermal test in th

 

s, Oxford, Victo
earch Group on

ke to thank the 
Mission. 

250 270 

250°C 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.1 

0.11 

0.12 

0.13 

0.14 

0.15 

50 

ta
n 

de
lta

 

ce"Evaluation, pr
ehaviour by exper

Ap

olymeric struct
uring the DMA
% at 250°C. Fu
 of the tempera

Higher tempera
e rate of decreas
cted the wood’

t on the visco
ssed, as the ratio

temperature t
ate value (most 
xamined specim

was higher. At is
tes greater degr
ure and time on
pecimens. How
than for spruce

all wood specim
ut the progress o

d as a function o
he DMA equipm

oria, 87-94, 200
n Wood Protect

COST Action 

70 90 110 

200°C 210°C 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

tures of the wo
A testing. In spru
urthermore, wit
ature was reach
ature of exposu
se was increasin
’s ability to dis

ous modulus an
on of the visco
the tanδ was 
likely due to t

mens (Figure 1)
sothermal cond
ree of molecula
n the mechanic

wever the storag
e specimens, w

mens in the DM
of the process. 

of temperature f
ment. 

06 
tion, Document

FP0904 for fin

130 150 170 190 

Temperature[°C] 

220°C 230°C 

edicting of THM 
merical methods" 
PIMC, Romania 

od specimens, 
uce specimens 
th temperature 
hed. With time 
ure resulted in 
ng. The results 
ssipate energy 

nd the elastic 
ous modulus to 

increasing to 
the removal of 
. In specimens 

ditions the tanδ 
ar mobility and 
cal behavior of 
ge modulus E’ 

while tanδ was 

MA-equipment 

for specimens 

t No. IRG/WP 

nancial support 

210 230 250 

240°C 250°C  



COST Action

 

STSM 
 

Durabil

2U

 
Keywords: C
 
Wood heat tr
wood species.
degradation o
depend chem
mass loss gen
The aim of th
Tunisian woo
was realized 
resulting from
having the d
thermodgrada
For each wo
measuring O/
Placenta, Co
results are rel
Intensity of 
samples were
230°C during
The correlati
increase of ca
strongly corr
directly condi
results [5]. F
Elemental com
thermo-degra
species. 
The TD-GC-
degradation. 
intensities of 
vannilin (11,
Zeen oack (ha
exposure and
predict wood 

n FP0904 Confere
treated wood b

lity and che

Mohamed EL
Ph

Université de L

Chemical analys

reatment is a g
. Previous stud
of wood cell w

mical modificati
nerated by the th
his study is to de
od species (Ale
under vacuum 

m wood thermo
dynamic Mass 
ation.  
ood species an
/C ratio. Moreo

oriolus Versicol
lated to the Mas
thermodegrada

e subjected to th
g 15 minutes. Th
on between O/
arbon content, w
related with th
itioned the mas

For each wood 
mposition appe

adation reaction

-MS analyses 
We can see 

f the pick of ace
69: representin
ardwood) than p
d elemental com
durability conf

ence"Evaluation, 
behaviour by exp

A

emical mod
after

LAIEB1, Kevin
hilippe GERAR

1INRGREF, B
Lorraine, LERM

VANDOEUV
ayeb2

ses, Decay resis

good alternative
dies have showe
wall componen
ons [1-5]. One
hermodegradati
etermine chemi
ep pine, Radiat

atmosphere an
odegradation ap

Loss (ML = f

nd treatment 
over test of dura
lor …) at 22°C
ss Loss. 
ation was also 
hermodegradati
he volatile com
/C ratio and in
while oxygen c
he heat treatme
ss losses due to 
species, O/C r

ears therefore to
ns which are d

allow as find
that cellulose 
etic acid (2,43:

ng the lignin pr
pine (softwood
mposition indi
ferred by heat tr

processing and p
perimental and nu
April 9-11, 2013, 

63 

difications o
r heat treat

 
n CANDELIER
RDIN2, Mathie

 

B.P. 10, 2080 A
MAB, Bld des A
VRE les NANCY
2002@iresa.agri

stance, Heat tre

e method to im
ed that decay re
nts and consequ
 of the main in
ion. 
ical compounds
ta pine, Maritim
nd performed f
pproximately of
fn(t)) during th

intensity, woo
ability was perf
C and 70% of 

evaluated by 
ion directly in t

mpounds resultin
ntensity level o
content significa
ent intensity d
thermal degrad

ratio decrease l
o be a valuable 
directly connec

ding the diffe
and lignin ar
 representing th
roducts) have d

d). Correlations 
cated that carb
reatment 

predicting of THM
umerical methods
PPIMC, Romani

of four Tun
tment 

R2, Stéphane D
eu PETRISSAN

Ariana, Tunisie
Aiguillettes, BP 
Y cédex France
inet.tn/ 

eatment, volatile

mprove decay re
esistance was s
uently of treatm
ndicators of thi

s produced duri
me pine and Ze
from 200°C to 
f 8, 10 and 12%
he treatment a

od chemical an
formed under d
relative humid

TD-GC-MS. T
the thermodeso
ng from wood d
of treatment (M
antly decreases

depending from
dations. Previou
linearly with th
parameter to ev

cted to treatme

rent compound
e degraded A
he hemicellulos
decreased. The
between weigh

bon content an

M 
s" 
ia 

nisian wood

DUMARCAY2,
NS2 

70239 - F 5450
e 

e compounds, T

esistance of nat
strongly correla
ment condition
s treatment inte

ing the treatmen
een oak). The h
230°C to obtai

%. The oven pro
and following 

nalyses were p
different fungal 
dity during 16 

Treated and un
orption tube und
degradation was
ML %) showed
s. Elemental com
m treatment du
us studies were 
he increase of t
valuate the mas
ent intensity, fo

d hollocellulos
fter thermal tr
ses products) a
ermodegradation
ht losses recorde
nd O/C ratio ca

 

d species 

,  

06  

Tunisian wood 

tural durability 
ated to thermal 
ns from which 
ensity was the 

nt for different 
heat treatment 
in mass losses 
ototype allows 
the kinetic of 

performed by 
attacks (Poria 
weeks. All of 

ntreated wood 
der nitrogen at 
s analyzed. 

d an important 
mposition was 
uration, which 
shown similar 
the mass loss. 
s losses due to 

for each wood 

se and lignin 
reatment, The 

and the pick of 
n is faster for 
ed after fungal 
an be used to 



 

 

Figure 1. O/C

N
 

Fi

References: 
1. B. 

rese
Eur

2. B. 
Inte
401

3. D.P
4. D. K
5. M. 

200
6. G. N

368

Acknowledg
Action FP090

 
 
 
 
 
 

0

100

%

2.43

2.38

1.33

1.10 1.37

3.75

3.07 5.

 

C evolution acco

Not treated radi

gure 2. TD-GC

Mazela, R. Z
earch on the b
ropean Confere
Tjeerdsma, M.
ernational Rese
160, 2000 
P. Kamdem, A. 
Kocaefe, S. Pon
Hakkou, M. Pé

06 
Nguila Inari, M

8, 2009 

ements: The au
04 for their fina

11

6.05

5.43
.32

9.26

7.13 7.57
10.87

9.66

COST Action F

ording to mass 

iata pine 

C-MS chromatog

Zakrzewski, W
biological resis
nce on Wood m
.Stevens, H. M
earch Group on

Pizzi, A. Jerma
ncsak, Y. Boluk
étrissans, P. Gé

M. Pétrissans, A

uthors gratefull
ancial support o

1.69

13.91
12.74

14.78

15.17

FP0904 Conferen
treated wood be

64 

loses issued fro
 

          
grammes accor

 

W. Grzeskowiak
tance of heatly

modification, Gh
Militz, Durabilit
n Wood Preserv

annaud, Holz. a
k, BioRes. 3(2),
érardin, A. Zou

A. Pétrissans, P

 
ly acknowledge

of STSM. 
 

0

100

%

ce"Evaluation, pr
ehaviour by exper

Ap

om heat treatme

Treated (

rding to heat tre

k, G. Cofta, M
y modified woo
hent, Belgium, 
ty aspeects of 
vation, Section 

als Roh- und We
, 517-537, 2008
ulalian, Polym.

. Gérardin, Poly

e the financial 

2.45

rocessing and pre
rimental and num

pril 9-11, 2013, PP

 
ent for different

(12%) radiata p

eated Radiata pi

M. Bartkowiak
od. In: Abstrac
2003 
hydrothermal 
4-Processes, N

erkstoff 60, 1-6
8 
Degrad. Stabil

lym. Degrad. St

support of the 

11.53

edicting of THM 
merical methods" 
PIMC, Romania 

t wood species 

ine 

 
ine. 

k, Preliminary 
ts of the First 

treated wood. 
N°IRG/WP 00-

, 2002 

l. 91, 393-397, 

Stabil. 94, 365-

MC of COST 



COST Action

 

STSM 
 

Experi

Omar 

1Cler

 
Keywords: W
 
Under stress
mechanosorp
(or stress) dur
effect [1]. Sev
little is know
frame of a rel
into elastic, v
model this be
 

 
In the presen
mechanosorp
load and rel
mechanosorp
subdividing th
the present st
follows: 

∑
=

−=
N

i

ttH
0

(ε

where iE is t
the drying ph
The complian
application, a

n FP0904 Confere
treated wood b

imental stu
subjected

SAIFOUNI1,2, 

rmont Universit
2CNRS, 

3Bern

Wood, Mechano

s and relative
tive behaviour.
ring drying und
veral tests have

wn about the hy
laxation approa
viscoelastic, me
ehaviour. Few o

nt paper, an ana
tive relaxation 
ative humidity
tive and swelli
he imposed stra
tiffness approac

Δ i
i

i
E

t 1) σ   & 

the elastic modu
hase for each im
nce and the stif
a three steps uni

0

2

4

6
σ (M

ence"Evaluation, 
behaviour by exp

A

udy of mech
d to variabl

Rostand MOU
Julien FRO

té, Université B
UMR 6602, In

n University of 
oma

osorptive, Hygr

e humidity va
. One of the ma
der variable or c
e been reported
ygro-lock effec
ach. In previous
echanosorptive 

of them take int

Figure 1. S

alytical model 
tests which w

y variations. Th
ing-shrinkage p
ain into finite in
ch and from a d

∑
=

−=
N

i
ittH

0

(σ

ulus correspond
mposed stress or
ffness analytica
iaxial stress (Fi

0 5 10 15

Time

MPa)

(a)

processing and p
perimental and nu
April 9-11, 2013, 

65 

hanosorptiv
e loading a

 
UTOU PITTI1

IDEVAUX3, P
 

Blaise Pascal, B
nstitut Pascal, F-

Applied Scienc
ar.saifouni@ifm

ro-lock, Relaxat

ariations, wood
ain features of t
constant loadin

d concerning the
ct which needs 
s works, several

and swelling-s
o account the h

Solicitation-resp

with hygro-loc
were performed 

he approach is
parts. It is gene
ncrements iεΔ
dual complianc

Δ iii E) ε

ding to iw which
r strain increme
al approaches ar
gure 1.(a)) is ap

0

0.4

0.8

0

ε � 10-3

20 25

Compliance 
Approach

Stiffness 
Approach

predicting of THM
umerical methods
PPIMC, Romani

ve hygro-lo
and relative

,2, Jean-Franço
Parviz NAVI3 

BP 10448, Clerm
-63171, Aubièr
ces, Biel, Switz
ma.fr 

tion tests, Relat

d presents a 
this behaviour 

ng; this phenom
e mechanosorpt
to be studied t

l models based 
shrinkage parts

hygro-lock effec

ponse cycle 

ck effect is pre
in order to va

s based on a 
eralised for any
. The behaviou

ce approach dev

 

h represents the
nt. 
re implemented
pplied to wood 

5 10 15 20
Time

(b)

M 
s" 
ia 

ock effect in
e humidity 

ois DESTREB

mont-Ferrand, F
re, France 
erland 

tive Humidity 

complex beh
relies in the loc

menon is known 
tive behaviour 
thoroughly, esp
on a partitionin

s were develop
ct. 

 

esented along w
alidate the mod

stress partition
y imposed strain
ur relationships 
veloped previou

e water content

d in Matlab© so
material subjec

25

 

n wood 

ECQ1,2,  

France 

haviour called 
cking of strain 
as hygro-lock 
[2] ; however, 
pecially in the 
ng of the strain 
ed in order to 

with results of 
del for various 
n into elastic, 
n variation by 
obtained from 
usly [3] are as 

 (1) 

t at the start of 

oftware. As an 
cted to relative 



 

 

humidity vari
Then, this str
approach is t
approaches.  
In the scope o
Bern on the “
performed in
mechanosorp
we used a sp
conditions im
long in the d
effects of the 
tested once eq
 

 
Firstly, prelim
and the ultim
constant relat
corresponded
Secondly, the
humidity leve
and relative h
the equilibriu
imposed strai
performed. 
These tests p
The results al
elastic model
relative humi
compressive l
 
References: 

1. J. G
Phd

2. V. P
hygr
de L

3. J.M
4. P. N

 

iations. The str
rain response is
the same as in

of COST action
“Sapin Blanc” w
n a specially 
tive hygro-lock

pecific loading 
mposed to the s
direction of the 

hydric gradien
quilibrium was 

minary instanta
mate strengthσ
tive humidity 

d to a given re
e relaxation/eff
el for each test
humidity. The v
um. Finaly, a m
in level and a v

provide the mec
llow us to bette
l; they give a b
dity variation. I
loading. 

Gril, Une modélisa
d Thesis, Ecole Po
Pittet, Etude expé
rométriques cont

Lausanne, departe
M. Husson, F. Dub
Navi, V. Pittet, C.

COST Action F

rain response is
s used as the s
n Figure 1.(a).

n FP0904, a ser
wood (Abies al
designed appa

k behaviour un
and measurem

samples. The sa
grain and 3 m

nt and the durati
reached for con

Figu

aneous tests we
rσ for different 
at 50% and di
elative stressσ

facement tests a
t were carried o
variations of rel

mechanosorptive
variable relativ

chanosorptive v
er understand th
basis for the ana
In the coming w

ation du comport
olytechnique, Uni
érimentale des cou
trôlées sous charg
ement of material
bois, N. Sauvat, M
J.G. Plummer, W

FP0904 Conferen
treated wood be

66 

s computed usi
olicitation. The
 This result va

ries of relaxatio
lba) according t
aratus [4]. Th

nder variable lo
ment device tha
amples were 0.

mm wide in the 
ion of tests. Tw
nfirmation that 

ure 2. Tests pro

ere performed i
relative humid
ifferent impose

rσσ / , in order
at a constant im
out. Thirdly, th
lative humidity
e hygro-lock te

ve humidity in 

viscoelastic par
he hygro-lock b
alysis of the vi
work, the hygro

tement hygro-rhéo
iversity of Paris V
uplages mécano-
gement de longue
ls, 1996 

Mech Time Dep M
Wood Sci Technol,

ce"Evaluation, pr
ehaviour by exper

Ap

ing the complia
e stress respons
alidates the eq

on tests were ca
to figure 2. The
ese tests were

oading and relat
at allowed a go
.7 mm thick in
tangential dire

wo sets of sampl
equilibrium wa

gram 

in order to dete
dity levels. Th
ed strain levels
r to check the
mposed strain l
he samples were
y were maintain
est in relaxation
order to activa

rameters of the
ehaviour and v
iscoelastic beha
o-lock effect ne

ologique du bois 
VI, 1988 
sorptifs dans le b
e durée. Phd Thes

Mat, 14, 203-217, 
, 36, 447–462, 20

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ance approach 
se calculated by
quivalence betw

arried out at the
e mechanosorpt
e focused on 
tive humidity. 

ood control of 
n the radial dire
ection; this help
les were prepar
as reached in th

ermine the You
en, the relaxat
s were perform

e linearity of t
evel with a dif
e tested under 
ned until the sam
n/effacement w
ate the hygro-lo

“Sapin Blanc”
alidate the anal

aviour under an
eeds to be study

à partir de sa mi

bois soumis à var
sis, Ecole Polytec

2010 
002 

edicting of THM 
merical methods" 
PIMC, Romania 

(Figure 1.(b)). 
y the stiffness 

ween the both 

e University of 
tive tests were 
the study of 
For such tests 
environmental 
ection, 50 mm 
ped reduce the 
red, the second 
he first set. 

ung’s modulus 
tion tests at a 
med; each test 
the behaviour. 
fferent relative 
cyclic loading 
mples reached 

with a constant 
ock effect was 

” (Abies alba). 
lytical pseudo-
ny loading and 
y in the case of 

icrostructure. 

iations 
chnique fédérale 

 



COST Action

 

STSM 
 

Th

María In

3”Petru P

Keywords: li
 
Linear frictio
coupled effec
softens lignin
stopped press
formed.  
In the current
FT-IR spectro
3s. Frequency
holding time 
between the t
350°C for a w
until a weldin
the edges of
interface. Th
scratched mat
In Figure 1, 
differences am
cm-1. The ban
of acetyl or C
3s of WT (B_
of hemicellul
glucoronic ac
at 1648cm-1, a
stretching vib
interpreted as
1514cm-1 tha
hemicellulose
the spectra ar
 

n FP0904 Confere
treated wood b

ermal and 

nés PLACENC

1Bern U
2ENSTI

Poni” Institute o

inear welding o

n welding is a t
ct of a perpendi
n, mills and m
sure is still kep

t study, the inte
oscopy and ther
y was 100Hz, a

5s. During th
two wood spec
welding time of
ng time of aroun
f the welded z
he infrared spe
terial from the w
the spectra of 
mong the spect
nd at 1740cm-1 
COOH groups [
_3s) sample spe
loses in welded
cid that is found
assigned to C=O
brations of ar
s a lessening in
at shows possi
es and/or the cl
re assigned disti

ence"Evaluation, 
behaviour by exp

A

Analytical

CIA PEÑA1,2, C
A

University of A
IB-LERMAB, U
of Macromolec

mariaine

of beech, FT-IR

technology that
icular force and

mixes detached 
pt to allow the

rface of welded
rmogravimetry
amplitude 2.8m

he welding pro
cimens. Temper
f 2s. The “weld
nd 2s; for longe

zone, implying 
ectra and ther
welded interfac
the welded ma
tra are observe
in B_0s: refere

[1, 2, 3], underg
ectrum. These b
d beech, and/or
d as side group 
O in p-substitut

romatic skeleta
n the concentra
ible condensati
leavage of OCH
inctly to hemice

processing and p
perimental and nu
April 9-11, 2013, 

67 

l Character
 

Carmen Mihae
Antonio PIZZI

 
Applied Science

University of L
cular Chemistry
es.placenciapen

 
R spectroscopy, 

t enables assem
d a continuous f

fibers, formin
 welding interf

d beech at progr
. The selected w

mm, welding pr
cess temperatu
rature in the we
ded material” pr
er welding time

that “new” w
rmo-gravimetric
ce.  
aterial at differ

ed in the so cal
nce sample spe
go a decrease in
band modificat
r the degradatio

of the main ch
ted aryl ketones
al (lignin), als
ation of native 
ion reactions o
H3 side chains 
elluloses, cellul

predicting of THM
umerical methods
PPIMC, Romani

rization of W

ela POPESCU3

I2 

es, Bienne, Swit
Lorraine, Epinal
y of Romanian A
a@bfh.ch 

thermogravime

mbling two woo
frictional move
ng the welding
face to cool do

ressive welding
welding times (
essure 1.5MPa

ure increases as
elding interface
roduced remain
es small “extrud

wood material 
c tests were p

rent WTs are p
lled “finger-prin
ectrum, assigned
n absorbance an
ions suggest a 
on or disappear
hain of hardwoo
s (lignin), and a
o show an in
lignin. Also, th
of lignin with 
of the aromatic
loses or lignin c

M 
s" 
ia 

Welded Be
3, Frédéric PIC

tzerland 
l, France 
Academy, Iasi, 

etry 

od specimens by
ement that heats
g interface. Wh
own with the a

g times has been
(WTs) were 1, 
, holding press
s long as frict
e can reach bet
ns completely in
ded” fibers beg
is frictioned in
performed stri

presented. Som
nt” region from
d to C=O stretc
nd a shift to 17
decrease in the
rance of acetyl 
od hemicellulos
at 1507cm-1, as
ntensity decrea
he band at 150

decomposition
c ring. The oth
compounds. 

 

eech 

CHELIN1, 

Romania 

y means of the 
s the interface, 
hen friction is 
assembled join 

n evaluated by 
1.5, 2, 2.5 and 
ure 2MPa and 
ion is applied 
tween 300 and 
n the interface 
in to appear at 
n the welding 
ictly with the 

me of the main 
m 1800 to 800 
ching vibration 
33cm-1 for the 

e concentration 
groups of the 

ses. The bands 
signed to C=C 
se. It can be 
7 is shifted to 
n products of 

her bands from 



 

 

Figure 1. F

In figure 2, 
convolution c
weight percen
first derivativ
the degradati
functions, the
decomposed 
convolution c
studies of wo
components o
weight comp
curves, the in
around 31°C)
reference is o
the welding 
eliminated / tr
of welding is 
the sample w
important inf
composition a
 

 

inger-print regi

TG/DTG curv
curves are show
ntage of the or

ve expressed as 
ion of each co
e curve of the 
in several fun

curves were ob
ood decomposit
of wood [6]. I

ponents; “Peak 
nitial compositio
). A lower % o
observed at 31°

process these 
ransformed, an
higher. It can b

welded at 3s i
formation can 
at the temperatu

COST Action F

ion of the FT-IR

ves of beech a
wn. The applied
riginal sample v
the rate of mas

omponent of a
sample mass v

nctions. A mod
btained by usin
tion each de-co
In this case, cu
2” hemicellulo

on of the wood 
of hemicellulos
°C for the weld

materials (hem
nd probably form
be also observed
is higher respe
be also obtai

ure of maximal 

FP0904 Conferen
treated wood be

68 

R spectra of ref
 

and welded be
d heating rate w
versus tempera
ss loss versus te

a sample can b
vs. time that is

del of the TG 
ng the equation
onvoluted curve
urve “Peak 1” 
ose, “Peak 3” 
and welded wo

se and cellulose
ded sample at 3
micelluloses, c
med compound
d that the % of 
ect to the refe
ined, as the in
decomposition

ce"Evaluation, pr
ehaviour by exper

Ap

ference and wel

eech at 3s as w
was 10°C/min.

ature [4], and D
emperature. Ac
be represented 
s sensible to th
and DTG curv

ns mentioned in
e is usually asso
would represe
cellulose and “

ood samples can
es and higher %
s. It shows that

celluloses) hav
ds with lignin w

residue after th
erence beech. F
ntegral area of
n rate. 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ded beech at di

well as their r
 TG thermal cu

DTG thermal cu
ccording to [5], 

by one or the
hermal degrada
ves with their r
n [5]. In therm
ociated with on

ent water and l
“Peak 4” lignin
n be obtained (%
% of lignin res
t due to the the
e been partiall

which initial com
he thermo-gravi
From de-convo
f each curve t

edicting of THM 
merical methods" 
PIMC, Romania 

 
ifferent WTs 

respective de-
urve gives the 
urve gives the 
assuming that 

e sum of few 
ation could be 
respective de-

mo gravimetric 
ne of the main 
low molecular 
n. From these 
% mass loss at 
spect to beech 
ermal effect of 
ly degraded / 

mposition at 3s 
imetric tests of 
oluted curves, 
that gives the 



COST Action

 

Figu

References: 
1. M. 

23, 
2. K. K
3. C. D

Stab
4. C. M
5. W. 

Ana
6. M. 

 
Acknowledg
060512-0175
gratefully ack
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

n FP0904 Confere
treated wood b

ure 2. TG and D

Schwanninger,
2004 

K. Pandey and 
Delmotte, L.; G
b. 93, 406-412,
M. Earnest, Com
P. Pan, L. Judo

alysis of the Sur
C. Popescu, C.

ments: The Co
00, and the S

knowledged.  

ence"Evaluation, 
behaviour by exp

A

DTG curves for

, J. C. Rodrigue

A. J. Pitman, In
Ganne-Chédevil
, 2008 
mpositional An
ovits, Technique
rface, and Fast 
 M. Popescu, G

ost Action FP0
wiss National 

processing and p
perimental and nu
April 9-11, 2013, 

69 

r reference (B_0
 

es, H. Pereira an

nt. J. Biodet.Bio
lle, C.; Leban, J

nalysis by Therm
es in Thermal A
Rate Analysis, 

G. Lisa, Y. Saka

0904 in the con
Foundation w

predicting of THM
umerical methods
PPIMC, Romani

0s) (left), and w

nd B. Hinterstoi

odeg. 52, 151, 2
J.-M.; Pizzi, A.;

mo-gravimetry, 
Analysis, Hyphe

60 – 70, 2007
ata, J. Molec. St

ntext of the ST
with the Project

M 
s" 
ia 

welded (B_3s) b

isser, Vibrat. Sp

2003 
; Pichelin, F. Po

2, 1988 
enated Techniqu

truct. 988, 65–7

SM ECOST-ST
t Nr. CRSI22_

 

 
beech  

pectrosc. 36, 

olym. Degrad. 

ues, Thermal 

72, 2011 

TSM-FP0904-
_127467/1 are 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COST Action FFP0904 Conferen
treated wood be

70 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



COST Action

 

STSM 
 

 
C

 
1“Petru P

2“Gh. Asac
3Be

 
The effect of 
and thermal s
subjected to t
used. The co
temperatures 
During wood
undergo chem
moisture con
reported on u
degradation o
one hand, use
predictability
confidence o
conventional 
The set recov
20 minutes tim
transversal co
corresponding
for the mass l
For the first 
stage decreas
treatment for
samples.  
The main dec
varying for 
temperature f
slightly highe
treatment. Th
at 700 oC inc
shoulder for t
maximum dec
exception, the
the mass los
comparing to
with increasin
amorphous ce
during wood 

n FP0904 Confere
treated wood b

Therm

Carmen-Miha

Poni” Institute o
chi” Technical U
ern University o

the thermo-hyd
stability of lime
three different p
omparison betw

and times were
d densification 
mical degradati
ntent and proce
understanding t
of wood compo
eful insights fo

y of the macrosc
of engineers an
fields of applic

very tests showe
mes, improve th
ompression set
g to the maxim
loss at the end o
step, the tempe
sed (from the 
r the first two 

composition ste
each series. F
for the should
er temperatures

he mass losses d
creased. The s
the samples S0,
composition ra
e temperature o
sses are smalle
o S0 (no post-tr
ng time of the 
ellulose, a decre
treatment.  

ence"Evaluation, 
behaviour by exp

A

mal behavio

aela POPESCU
Parviz NAVI3

of Macromolec
University of Ia

of Applied Scie
m

dro-mechanical
e (Tilia cordata
post-treatment t

ween THM den
e made [1]. 
and particularly

ions, depending
essing time. Ov
the chemical d

onents and the m
r the design of 
copic behaviour
nd architects i
cation, such as t
ed that the post
he dimensional
t. Also, it redu

mum decomposi
of decompositio
erature corresp
S0 sample wi
series of samp

ep correspondi
For the first s
er and for the
s for the end o
decreased for th
econd series (S
, S4 and S5 and
te and to the en

of the end of sta
er for the sam
reatment). From
post-treatment

ease of it indica

processing and p
perimental and nu
April 9-11, 2013, 

71 

ours of THM

U1, Gabriela LI
3, Maria-Cristi

cular Chemistry
asi, Department
nces, Solothurn
ihapop@icmpp

l (THM) densif
a) wood was ev
temperatures, an
nsified wood sa

y THM post tr
g to the proces
ver the last two
degradation of T
macroscopic pr
f new wood bas
r of THM wood
in THM wood
the construction
-treatment at 16
l stability of the
uces their therm
ition rate and th
on stage and hig
onding to the m
ith no post-trea
ples (Figure 1) 

ng to wood co
series, the pos
e maximum de
of the stage, in
he samples S1-S
S4-S6) show a
d smaller for the
nd of the stage 
age for the samp
mples with pos
m Figure 1 it c
t. Because this 
ates an increase

predicting of THM
umerical methods
PPIMC, Romani

M densified

ISA2, Julien FR
ina POPESCU

y of Romanian A
t of Chemical E
nstrasse 102, 25
p.ro 

fication in a clo
valuated. The d
nd for each one
ample and post

reatments, the w
sing parameter
o decades man
TH wood aimi
operties of TH 
sed material an
d. On the other 
d and boosted 
n sector. 
60 oC for 80 mi
e samples sugge
mal stability, by
he kinetic param
gher values for 
maximum mas
atment) with i
and remain co

omponents take
st-treated samp
ecomposition ra
ncreasing with 
S4 comparing t
lmost the same
e S6. The temp
are the same fo
ple S6 is lower 
st-treatment at 
can be observe
shoulder is ass

e of hemicellulo

M 
s" 
ia 

d wood 

ROIDEVAUX3

1 

Academy, Iasi, 
Engineering, Ias
500 Biel, Switze

se system on th
densified wood 
e, three differen
t-treated sample

wood individua
rs such as temp
ny research wor
ing to correlate
wood. This ha
d contributes to
hand, it has str
the use of T

in or at 180 oC 
esting a perman
y having lower
meters; but with
the residual ma
s loss, and to t
increasing time
onstant for the

es place from 1
ples show alm
ate with the sa
the increasing 
o S0, while the
e temperature v

peratures corresp
or S0 and S4-S6
than all others.
160 oC for d

d a decrease o
signed to hemi
oses modificatio

 

3,  

Romania 
si, Romania 

erland 

he set recovery 
samples were 

nt periods were 
es at different 

al components 
perature, wood 
rks have been 
e between this 
s provided, on 
o an improved 
rengthened the 

THM wood in 

for 10, 15 and 
nent fixation of 
r temperatures 
h lower values 
ass. 
the end of the 
e of the post-
 last series of 

180 to 410 oC, 
most the same 

ample S0 and 
time of post-

e residual mass 
values for the 
ponding to the 
6, with a small 
 The values of 

different time, 
f the shoulder 
celluloses and 
on/degradation 



 

 

 
For

maximum dec
values of the 
sample. The 
samples, espe
shoulder dec
amorphous ca
The other sam
corresponding
stage and high
 
References: 

1. M.-
 
Acknowledg
 
 
 
 
 
 
 
 
 

 

Figure 

r the samples 
composition rat
mass loss of t
values of the 

ecially for the 
creases with th
arbohydrates de
mples showing
g to the maxim
her activation e

-C. Popescu, G.

ments: This pa

COST Action F

1. TG/DTG cu

S7-S9 (the thir
te increase in th
his step increas
residual mass 
S7 sample, wh

he increase of 
egradation/mod
g high set recov
mum decomposi
energies and rea

. Lisa, J. Froide

aper was suppor

FP0904 Conferen
treated wood be

72 

urves of the THM

rd series) the 
he series but ar
se in the series
at 700 oC are

hen comparing 
f the post-treat
dification during
very values, ex
ition rate, lowe
action orders. 

evaux, P. Navi, 

rted by the COS

ce"Evaluation, pr
ehaviour by exper

Ap

M densified lim

temperatures f
re not higher tha
s but also are n
e comparatively

to the S0 sam
tment time, su
g this treatment
xhibited higher
er values for th

C.-M. Popescu

ST Action FP09

rocessing and pre
rimental and num

pril 9-11, 2013, PP

me wood 

for the shoulde
an that of the sa

not higher than 
y higher for th

mple. As report
uggesting the 
t. 
r values for the
e mass loss at 

u, submitted 201

904 

edicting of THM 
merical methods" 
PIMC, Romania 

 

er and for the 
ample S0. The 
that of the S0 

he post-treated 
ted before, the 
occurrence of 

e temperatures 
the end of the 

12 



 

 
 
 
 
 
 
 
 
 
 
 
 

Poster presentations 
 
 
 
 
 
 
 
 



COST Action

 

Session 1 
 
Determin

Ebers
Faculty of W

Keywords: A
 
Moisture sorp
products duri
humidity and
the dimension
to untreated s
N2 gas atmo
(10x20x20 m
The applied c
cycles are the
The schedule
mass is const
bar and main
till the mass 
The Anti-Sw
stability of w
specimen and
and tangentia
calculated. Th
 

Tab
eq. 1* 

m

eq. 2 m

eq. 3 An

* l max = maxim
 
For specimen
percent (Fig.1
cycles, for bo
thermally mo
initial ASE af

n FP0904 Confere
treated wood 

nation of di

swalde Universi
Wood Science a

Anti-Swelling-E

ption behavior 
ing their servic
d temperature le
nal stability of b
samples as refe
sphere in a pro

mm³) of each tre
cycle test is bas
e best effective
e provides the f
tant, water soak
taining about 2
is constant. Th

welling-Efficien
wood. The deter
d an untreated s
al direction (E
he calculation o

ble 1. Max. swe

ax. swelling 

ean max. swell

nti-Swelling-Ef

mal length after wa

ns of both wood
1). The ASE va
oth species. The
odified timber (
fter first circle. 

ence"Evaluation, 
behaviour by exp

A

imensional 
s

Lothar CLAU

ity for Sustaina
and Technology

Loth

Efficiency, Beec

below the fibe
e life. Loss and
eads to dimens
beech (Fagus s

erence. The hea
ototype kiln of
eatment intensi
sed on oven-dry
e indicator of th
following proce
king at 50 mbar
20 minutes. Afte
he radial and tan
cy value (ASE
rmination of th
specimen. The 

Eq.1) for each 
of the ASE valu

elling (eq.1), me

α

ing 
mα

fficiency 
AS

ater soaking; l min

d species the AS
alues show the 
erefor, in the ad
(TMT) is reduc

processing and p
perimental and nu
April 9-11, 2013, 

73 

stability of
spruce woo

 
UDER, Alexan

 
able Developme
y, Friedrich-Ebe
har.Clauder@hn

 
ch, Dimensiona

er saturation po
d uptake of mo
ion changes. In

sylvatica L.) and
at treatment at 
f approximately
ity and 10 untr
y-water-soak-cy
he effective ach
edure for a sing
r vacuum for 15
erwards keepin
ngential length
E) may be con
he ASE (Table 

linear maximu
specimen. Th

ue is based on th

ean max. swelli

max min

min

1l l
l
−

= ×

2
radial

mean

α α−
=

mean refereSE
α

=

n = minimal lengt

SE values were
decline in swel
dvanced stage t
ced by 12% for

predicting of THM
umerical methods
PPIMC, Romani

f thermally
od 

nder PFRIEM

ent - University
ert-Straße 28, 1
nee.de 

al Stability, Spr

oint is a critica
oisture can be c
n this study, th
d spruce (Picea
180°C, 200°C 
y 0.5 m3 capa

reated samples 
ycle-system [2]
hieved dimensi
gle cycle: Oven
5 minutes. Then

ng the specimen
h change were m
nsidered as a m
1) is based on

um swelling me
hus, the mean 
he equation 3. 

ing-value (eq.2)

00%  

tan gentialα
 

modence mean ifie

mean reference

α
α

−

th after oven dryin

e calculated for 
lling compensat
the effect of the
r beech and 10%

M 
s" 
ia 

y modified b

y of Applied Sci
6225 Eberswal

ruce, Thermal M

al aspect of wo
caused by fluctu
he effect of hea
a abies L.) woo
and 220°C was

acity. Matched 
as reference w
]. Results of a 
ional stability o
n drying at 103
n raising the pr
ns into the wate
measured by a 
measure of the

n the compariso
easure is determ

maximal swel

), ASE-value (e

100ed sample ×  

ng 

each cycle as m
tion during eigh
e dimensional s
% in the spruce

 

beech and 

iences,  
lde, Germany 

Modification 

ood and wood 
uating relative 

at treatment on 
od is compared 
s conducted in 
10 specimens 

were tested [1]. 
series of eight 

of a specimen. 
3°C , once the 
ressure up to 8 
er for 24 hours 
dial indicator. 
e dimensional 
on of a treated 
mined in radial 
lling (eq.2) is 

eq.3) 

mean values in 
ht consecutive 
stability of the 
e compared to 



 

Figure 1. a) 
 
The increase 
explained by 
220°C, incre
hygroscopic b
high reductio
of the wood
softwoods. Th
The significan
the samples o
values sugge
process-induc
temperatures,
treatment per
indication of 
Hygroscopici
swelling com
value. This re
of TMT produ
 
References: 

1. A. 
inte
201

2. R.M
3. A. B
4. D. 

Ber
5. C. 

beh
geg

 
Acknowledg
of Education 
 
 
 

 

ASE values (sp

in ASE due to
the thermal de
asingly hemice
behavior of the

on in the hemic
d. According to
his may explain
nt increase in A
of both species

ests an increase
ced mass loss 
, beyond whic
riod. The ASE
the material in 
ity of TMT was

mpensation of TM
educed swelling
ucts for enhanc

Schumann, B.
ensiv thermisch
12 
M. Rowell, W.D
Burmester, Hol
Fengel, G. We

rlin, 1989 
R. Welzbacher

handelter Ficht
genüber holzzer

ments: The aut
and Research (

COST Action F

pruce) 

o the gradual i
egradation of ce
elluloses are de
e wood. Burme
ellulose conten
o Fengel and 
n why the ASE 
ASE values from
s is even after 
ed influence of
(dm) Welzbac

ch no further i
E variation is d
relation to its d

s reduced comp
MT differs by a
g compensation
ced utilization a

.Sc. Thesis, B
h modifizierter 

D Ellis, Wood a
lz Roh- Werkst.
egener, Wood–

r, Diss., Verhal
te und Kiefer 
rstörenden Mikr

thors gratefully
(BMBF, Project

FP0904 Conferen
treated wood be

74 

b) ASE

increase of tem
ell wall compon
egraded, whose
ster [3] conclud

nt, and is thus a
Wegener [4] 
values of beech
m a treatment i
the eighth cycl
f the treatment
cher [5] specif
increase in the
detected in TM

dimensional stab
pared to the untr
a constant stres
n is especially to
as façade, floori

estimmung der
Buche und Fic

nd Fiber 10(2),
33, 333–335, 1

–Chemistry, Ult

lten von nach 
unter besonde

roorganismen, 2

y acknowledge t
t No. 17X2809)

ce"Evaluation, pr
ehaviour by exper

Ap

 values (beech)

mperature and d
nents. In the te
e OH groups a
ded that heat tr
an improvemen
hardwoods are
h reached highe
intensity of 200
le still detectab
t period. By co
fied a limit of
e ASE can be 
MT, which can
bility during the
reated material.
ss due to swellin
o be considered
ing and other hi

r Dimensionss
chte unter Einb

, 104-111, 1978
1975 
trastructure, Re

neuen thermisc
erer Berücksich
2007 

the financial su
). 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

) 

duration of trea
mperature rang
are responsible
reatment of wo
nt of the dimens
e thermally les
er levels than th
0 °C and 6 hour
ble. The step-ch
orrelating the A
f dm for differ

achieved by 
n be used as a
e service. 
. The results illu
ng and shrinkag
d when evaluati
igh-end joinery

tabilität von u
beziehung der L

8 

eactions, Walte

chen Modifikat
htigung der D

upport of the Fe

edicting of THM 
merical methods" 
PIMC, Romania 

 

atment can be 
ge of 180°C to 
e for the high 
od results in a 
sional stability 
ss stable than 
hose of spruce. 
rs duration for 
hange in ASE 
ASE with the 
rent treatment 
extending the 

a performance 

ustarte that die 
ge of its initial 
ing the quality 
. 

unterschiedlich 
Lb*Farbwerte, 

er de Gruyter, 

tionsverfahren 
Dauerhaftigkeit 

ederal Ministry 



COST Action

 

Session 1 
 

Therm
 

Co

1"Petru P

2 Transi

Keywords: w
 

In spite of ob
main classic s
Ionic liquids 
stability, non
components o
plasticizers), 
retardants an
place of curr
alternatives to
used for the m
to obtain ioni
Some imidaz
properties alte
Once is expe
properties an
treated wood 
of IL-treated 
decompositio
recovery by p
Aiming to o
mentioned re
butyl-3-methy
species (fir a
pyrolysis of th
The thermal 
tetrafluorobor
Calorimetry/F
to elucidate t
liquid - treate
wood depend
to ionic liqui
thermal stabi
released gase
The effect of
quaiacol, lev
acetone and 

n FP0904 Confere
treated wood 

mal behavio

ornelia VASILE

Poni" Institute 
Polyme

lvania Universi

wood, ionic liqu

btaining a very
sources of raw m
(ILs) known a

n-explosivity a
of wood, as w
wood surface 

d antifungal or
rently widely-u
o polluting com
mentioned aims
ic liquids with t
zolium based I
eration.  
ected that the I
nd ecological te

wastes, aiming
wood. It is im

on as a first ste
pyrolysis/gasific
obtain compos
asons, the main
ylimidazolium 
and beech); (2)
he treated wood
behaviour of tw
rate, was 
Fourier Transfo
the ionic liquid
ed wood sampl

ds on the wood 
id - treated fir,
ility comparati
s during therma
f the ionic liqu
vulinic acid, le

also furan de

ence"Evaluation, 
behaviour by exp

A

our of some

E1, Manuela-T

of Macromolec
ers, 41A Gr. Gh
ity, Chemistry D

c

uid, simultaneou

y large number 
materials as suc
as “green solve
and recyclabili

well as suitable
hardening, to 

r biocide agent
used phosphoro
mpounds or tech
s. There are ver
tunable propert
ILs have been

ILs treated wo
echnologies of 
g sustainable d
mportant to kn

ep in applicatio
cation processe
ite materials f
n goals of the p
tetrafluorobora

) to detect and
ds with ionic liq
wo wood speci

investigated 
orm Infrared Sp
d effect on the w
les show degra
species. Untrea
, while the trea
ively with unt
al decompositio

uid on the therm
evoglucosan fra
erivatives. Sim

processing and p
perimental and nu
April 9-11, 2013, 

75 

e wood spec

Tatiana NISTO
 

cular Chemistry
hica Voda Alley
Department, 29
vasile@icmpp.

 
us thermal analy

of new synthe
ch or to obtain v
ents” due to th
ity, have been
 additives aim
improve wate

ts, UV stabilize
ous-containing 
hnologies and t
ry large possibi
ties and capacit

n tested for dis

od products w
producing and
evelopment it i

now both therm
n of the IL-tre

es.  
from wood w
present paper a
ate ionic liqui

d identify the m
quid and to und
ies treated with

using T
pectroscopy/Ma
wood thermal b

adation in two p
ated fir wood ex
atment of beech
treated wood. 
on because of io
mal degradation
agments and g

milar effect had

predicting of THM
umerical methods
PPIMC, Romani

cies treated

OR1, Silvia Flor

y, Department o
y, 700487 Iasi, R
9 Eroilor Str., 50
ro 

yses, FT-IR, M

etic materials, t
various chemic

heir very low v
n proposed as

ming to amelior
er resistance or
ers, etc. Some 
fire retardant 

to high energy 
lities to combin
ty of interaction
ssolution of w

will gain the ma
d also the recov
is important to 
mal behaviour 
ated wood at h

waste sawdust
are: (1) to deter
d on the therm

main species o
derstand their in
h ionic liquid, 1
Thermogravime
ass Spectromet
behaviour. It w
processes. The 
xhibited superio
h wood with i
New compoun

onic liquid - wo
n of the fir wo

gaseous compo
d the ionic li

M 
s" 
ia 

d with ionic

rica PATACH

of Physical Chem
Romania 
00036 Brasov, 

MS 

the wood rema
cals. 
vapor pressure, 
s suitable solv
rate the wood 
r thermal stabi
ILs can be us
compounds. T
consuming clas
ne organic catio
n with wood ba

wood componen

arket, due to th
very possibiliti
know the therm
and compound

high temperatur

and considerin
rmine the influ
mal behavior 
f volatiles evo

nteraction  
1-butyl-3-methy
etry/Differential
try coupled me

was pointed out
effect of the i

or thermal stabi
onic liquid has
nds have been
ood interaction. 
ood leads to the
ounds as ethyle
quid on the b

 

c liquid 

HIA2 

mistry of 

Romania 

ins one of the 

good thermal 
vents for the 
quality (wood 
ility, as flame 
ed to take the 

They are good 
ssical methods 
ons and anions 
ased materials. 
nts and wood 

heir improved 
es of the ILs-
mal behaviour 
ds resulted by 
re and also its 

ng the above 
uence of the 1-

of two wood 
lved from the 

ylimidazolium 
l Scanning 
thods in order 

t that the ionic 
onic liquid on 
ility compared 
s an improved 

n identified in 

e reduction of 
ene, propanal, 
beech thermal 



 

decompositio
acid, vinyl ac
It was also ev
formation of 
thermal deco
with high m/z

 

Figure 1. m/

 
The

changing dec
with new pha
interactions c
decompositio
activation ene

New
from IL treate
(IL facilitates
 
Acknowledg
Curie FP7 pro
 
 
 
 

 

on with delay of
cetylene (m/z 53
videnced the in
new volatile c
mposition adva
z ratio of 100, 1

/z versus time/te
from the 

e ionic liquid 
composition rea
ase formation b
cause apparition
on products. Th
ergy of the ther
w compounds w
ed beech was d
s evolution of so

ments: We are
ogram grant BI

COST Action F

f formation of t
3), furan deriva
ncrease of the e
ompounds grou
anced. At high
104, 110, 163 ar

(a) 

(d) 

emperature of t
decomposition 

increased the
action mechani

by mixing as it w
n of new compo
he kinetic param
mal degradation

were detected (m
delayed, while in
ome light comp

e grateful for th
OFUEL - PIRS

FP0904 Conferen
treated wood be

76 

the ionized frag
atives, 2-methyl
emission of the 
ups characteriz

h temperature th
re formed aroun

 (g)
the main repres
wood samples 

 onset temper
ism because of
was evidenced 
ounds because 
meters indicate
n.  
m/z = 19, 27, 2
n the case of th
pounds). 

he support rece
SES GA-2009-2

ce"Evaluation, pr
ehaviour by exper

Ap

gments correspo
lfuran and furfu
fragments with
ed by m/z=12, 
hey are no lon
nd 500 oC – Fig

 (b) 

(e) 

entative volatil
untreated and I

rature decompo
f stronger intera
by NIR analys
of more possib
d that the ionic

8) and time of 
he fir sample an 

eived from COS
247550. 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

onding to the ac
ural.  
h m/z=18, 28, 4
34, 49÷59, 81

ger present. Th
g.1. 

(h) 
e ionized fragm
IL-treated. 

osition for bee
actions betwee

sis. At high tem
ble secondary re
c liquid increas

evolution start 
opposite situat

ST FP0904 acti

edicting of THM 
merical methods" 
PIMC, Romania 

cetone, formic 

42, 56 and the 
, 85 when the 

he compounds 

 (c) 

 (f) 

ments evolved 

ech wood by 
en components 
mperature these 
eactions of the 
ses the overall 

of compounds 
tion was found 

ion and Marie 



COST Action

 

Session 1 
 

Evalu

Ani

4Oklaho

Keywords: w
 
Wood compo
manufacture 
On the behav
6, 7, 8].  
The aim of th
surface qualit
heat exposure
surface rough

 
The surface r
was determin
valley height 
roughness cha
The first cycl
were recondi
suffered less i

n FP0904 Confere
treated wood 

uation of su

iela GARCIA P

1Polytechnic
2Transilvan

3Polytechnic
oma State Univ

weathering, woo

osites such as p
cabinets and fu

vior of these two

he study was to 
ty of particlebo
es were applied
hness. 

roughness of pa
ned by using a 

(Rz) were the 
anges of the sam
le of weatherin
itioned and tw
influence comp

ence"Evaluation, 
behaviour by exp

A

urface qual

PEREZ1, Emil
Sal

c University of M
nia University o
c University of M
versity – Depart

emi

od composites, 

particleboard an
urniture pieces i
o composites as

determine the 
oard and MDF
d to four types

Figure1. Con

articleboard and
stylus tracing m
two accepted r
mples [1, 3, 9].

ng influenced th
wo more exposu
pared to particle

processing and p
perimental and nu
April 9-11, 2013, 

77 

lity of wood
weathering

 
lia-Adela SALC
lim HIZIROGL

 
Madrid - Depar
of Brasov – Fac
Madrid - Depar
tment of Natura
ilia.salca@unitb

 
roughness 

nd MDF are w
in many Europ
s function of w

effect of artific
. Three weathe

s of panels with

 

ntrol and weath

d MDF samples
method [2, 4]. 
roughness param

he surfaces of b
ure cycles wer
eboard samples 

 

predicting of THM
umerical methods
PPIMC, Romani

d composit
g 

CA2, Bobadilla
LU4 

rtment of Fores
culty of Wood E
rtment of Fores
al Resource, Eco
bv.ro 

widely used as s
ean countries in
eathering there

cial weathering 
ering cycles of 
h a view to est

hered samples 

s exposed to art
Average rough
meters used for

both particleboa
re applied. The
when refer to s

M 
s" 
ia 

tes as funct

a MALDONAD

t Engineering 
Engineering 
t Engineering 
ology and Man

substrate for th
ncluding Spain
 is little or no in

in terms of var
f water soaking
tablish their inf

tificial weather
hness (Ra) and m
r the measurem

ard specimens, 
e surfaces of M
surface quality.

 

tion of 

DO3,  

nagement 

hin overlays to 
n and Portugal. 
nformation [5, 

rious cycles on 
g, freezing and 
fluence on the 

ring conditions 
mean peak-to-

ment of overall 

after that they 
MDF samples 
 



 

Figure 2
 
The results o
efficiently use
Further study
stability as w
better underst

References: 
1. A. A

the 
10-

2. J.W
rou
Pro
Wa

3. S. H
4. S. H
5. S. P
6. A. 

(25
7. S. W

woo
8. S. W
9. ***A

(Su
Eng

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0

5

10

15

20

25

 PB-A

R
a,

 m
ic

ro
ns

 

2. Average value

on the behavior
ed to increase th

y are to be con
well as strength 
tanding behavio

Aguilera, Roug
51st Internatio
12, Concepcion

W. Funck, J.B. 
ughness of woo
oceedings of t
ashington (182)
Hiziroglu, S. Jar
Hiziroglu, S. Su
Poncsak, S. Shi
Temiz, U.C.Yi
0): 35-42, 2005
Williams, Hand
od. CRC Press,
Williams, W.C.
ANSI (AMER

urface Roughne
gineers, New Y

A PB-B

Panel type and we

Control samples 1st Cycle

COST Action F

es of Ra and Rz

r of these comp
heir service life

nducted and wo
properties of s

or of these two 

ghness profile a
onal Conventio
n, Chile, 2008 
Forrer, D.A. B

od: a compari
the Society of 
, 73-183, 1992
rusombuti, V. F

uzuki, J. Tropic
, D. Kocaefe, G
ildiz, I.Aydin, 
5 
dbook of wood 
 50 p, 2005 
 Feist, J. Coat.

RICAN NATI
ess, Waviness, 

York, 1985 

MDF-C MDF-D

eathering cycle

 2nd Cycle 3rd Cycle

FP0904 Conferen
treated wood be

78 

z parameters for

posite panels w
e.  
ould include no
uch specimens
types of value-

 

and cutting ene
n of Society of

Butler, C.C. B
ison of laser s
f Photo-Optica

Fuenvivat, J. Bu
cal Forest Sci. 2
G. Miller, J. Adh

M. Eikenes, G

chemistry and 

Technol. 66(82
ONAL STAN
And Lay) B4

D 0

10

20

30

40

50

60

70

 R
z,

 m
ic

ro
ns

 

ce"Evaluation, pr
ehaviour by exper

Ap

r panels as func

when exposed t

ot only surface 
, as a result of
added composi

ergy in MDF rip
f Wood Science

Bruner, A.G. M
scatter and sty
l Instrumentat

uild. Environ. 3
21(3), 272-276,
hes. Sci. Techno

G.Alfredsen, G.

wood composit

28), 109-121, 19
NDARDS INST

6.1, The Amer

PB-A

Pane

Control sa

rocessing and pre
rimental and num

pril 9-11, 2013, PP

tion of weather

to outdoor cond

quality but als
weathering cyc

ite panel produc

p sawing. In: P
e and Technolog

Maristany, Meas
ylus tracing ap
tion Engineers

39, 1359-1364, 
2009 

ol. 21(8), 745-7
. Colakoglu, Ap

tes. Chapter 7: W

994 
TITUTE), Sur
rican Society o

PB-B MDF-C

el type and weathering cycle

amples 1st Cycle 2nd Cycle 3rd

edicting of THM 
merical methods" 
PIMC, Romania 

ring cycle 

ditions can be 

o dimensional 
cles, to have a 
cts. 

Proceedings of 
gy, November 

suring surface 
pproaches. In: 
, Bellingham, 

2004 

754, 2007 
ppl. Surf. Sci. 

Weathering of 

rface Texture 
of Mechanical 

MDF-D

e

d Cycle

 



COST Action

 

Session 1 
 
The corre

Keywords: d
 
The paper ai
respect with t
softwood and
problem, used
of the equatio
thermodynam
mass transfer
open thermod
due to the air
a mass transf
humidify the 
The drying pr
to determine 
transfer rate w
enters the con
by the drying
volume do n
drying rate pe
For the illustr
The simulatio
The technical
stacks 8, volu
through the st
7]. The tempe
to the drying 
are shown in 
With respect 
should be ma
• the state of
state of air at 
the state of ai
• the temper
with those co
close values t
those encount
of air at the c
mixture ratio 

n FP0904 Confere
treated wood 

elation betw

Daniela S

drying kiln, soft

ms to develop 
the wood moist
d beech timber 
d in this case to
on of the first 

mic process is ca
r [1]. The conv
dynamic system
r heater and a he
fer due to the 
air [2]. 
rocess is analyz
the rate by wh

with the surrou
ntrol volume (d
g velocity. Als
ot change duri
eriod [3, 4, 5]. 
ration of this a
on has been per
l characteristics
ume flow rate 
tacks 2.5 m/s, c
erature, relative
schedule [8, 9]
Fig. 1, 2 and 3.
to the applicat

ade: 
f the humid air 
the kiln inlet (

ir at the stack in
ature and relati

orresponding to 
to the experime
tered in practic
control volume 
between fresh 

ence"Evaluation, 
behaviour by exp

A

ween wood
d

SOVA, Veneti

Transilvania U
s

twood and beec

a method for 
ture content and
drying. The m

o a convective d
law of thermo
alculated as a re
ventional wood 
m that carries ou
eat transfer by 
air that enters

zed by use of t
hich the energy
undings. For ste
drying kiln), the
so, the enthalpy
ing the constan

analysis method
rformed for 38 
s of the dryer ar
of the axial fan

critical moisture
e humidity and 
] - at the exit of
. 
tion of the therm

that leaves the 
it is determined

nlet, correspond
ive humidity va
the applied in p

ental ones, in tu
e. These differe
inlet has been 

and return air b

processing and p
perimental and nu
April 9-11, 2013, 

79 

d moisture c
uring dryin

 
a SANDU, Ioa

 
University of Br
ova.d@unitbv.r

 
ch timber, heat a

the determinat
d to apply it to 

method is based
dryer, consideri
dynamics, the 
esult of the ther
drying kiln w

ut through the c
conduction thro
 and leaves th

the first law of 
y of the system
eady-state cond
 state of the air
y and moisture
nt-drying rate p

d, a simulation 
mm thick softw
re: overall dime
n 27000 m3

N/h
e content (FSP)
psychrometric 

f the drying kiln

modynamic ana

drying kiln is i
d by the mixtur
ding to the dryin
alues of air that
practice drying 
urn, the calcula
ences can be ex
adopted for ea

being unknown 

predicting of THM
umerical methods
PPIMC, Romani

content and
ng 

an-Bogdan BED

rasov, Romania
ro 

and mass transf

tion of the dry
a HD (Hildebr

d on the steady
ing the first law
energy change
rmal and mecha
ith forced air c

control surface, 
ough the walls,

he kiln and due

thermodynamic
m changes as a
ditions and for 

that leaves the 
e content of th
period, but dim

for an HD-typ
wood timber an
ensions of the s

h, number of fa
) 30%, equilibri

difference of a
n, as functions o

alysis to the dr

influenced mos
re ratio between
ng schedule of t
t leaves the dry
schedules; the 

ated relative hu
xplained by the 
ach value of the

from practice. 

M 
s" 
ia 

d air state p

DELEAN  

a 

fer, drying sche

ying agent state
rand) – type kiln
-state heat and 

w of thermodyn
 in an open sy
anical energy tr
circulation corr
a heat transfer 
 a shaft work d
e to the steam 

cs as a rate equ
a result of the h

a certain state 
control volume

he air that leav
minish during th

e dryer has bee
nd 32 mm thick
stacks 6×1.6×2 
ans 8, air circul
ium moisture co
air - calculated 
of the wood mo

rying kiln, some

tly by the fan’s
n the fresh and r
the wood mater

ying kiln have b
calculated temp

umidity values a
fact that the mo
e wood moistur
Also, there is n

 

properties 

edule 

e properties in 
n designed for 

d mass transfer 
namics. By use 
ystem during a 
ransfer and the 
responds to an 
by convection 

due to the fans, 
introduced to 

uation in order 
heat and mass 
of the air that 
e is influenced 

ves the control 
he decreasing-

en carried out. 
k beech timber. 
 m, number of 
lation velocity 
ontent 10% [6, 
and according 

oisture content 

e observations 

s flow rate, the 
return air) and 
rial; 
been compared 
peratures have 
are larger than 
oisture content 
re content, the 
no information 



 

related to the 
agent propert
exact calcula
respectively b
 

Figure 1. 

 
References: 

1. Y. 
Bos

2. C. 
inst

3. A. V
4. L. C

445
5. V. 

vari
opt

6. I. M
7. I. M
8. M. 

Bra
9. T.T

Tro
10. D. Ş

 
 

 

 change in the 
ties. Therefore,
ations it is ne
by the drying sc

Temperature o
moisture co

Figure 3. P

Çengel, M.A.
ston, 1998 
Mihăilă, V. C

tallations, Editu
V. Luikov, The
Chrusciel,  E. M
5, 1999 
Şova, M. Şov
iable mass tran
imization, 79-8

Marinescu, Woo
Marinescu, Desi

Câmpean, The
aşov, 1997 
Trübswetter, Ho
ockenanlagen, F
Şova, Pro Lign

COST Action F

wood surface t
, the results we
cessary to kno
chedule [10]. 

of air versus wo
ntent 

Psychrometric 

. Boles, Therm

Caluianu, M. M
ura Tehnică, Bu
eory of drying, E
Mougel, A. Zou

va, Analysis of
nsfer, Proceedi
8, 1986 

od drying, Vol. 
ign of wood dry
ermal treatment

olztrocknung. V
Fachbuchverlag
o 3, 41-49, 200

FP0904 Conferen
treated wood be

80 

temperature wit
ere obtained by
ow these quan

 
od Figu

difference vers

modynamics. A

Marinescu, A. 
ucureşti, 1982 
Energia, Mosco
ulalian, T. Meu

f heat and mas
ings of the con

I, Editura Tehn
ying kilns, Univ
ts of wood. Tim

Verfahren zur 
g Leipzig, 2006
06 

ce"Evaluation, pr
ehaviour by exper

Ap

th respect to the
y means of suc
ntities which i

ure 2. Relative h
moi

 
us wood moistu

An engineering

Dănescu, Indu

ova, 1968 
unier, Holz als 

ss transfer with
nference Heat 

nică, Bucureşti, 
versitatea din Br
mber drying, U

Trocknung von

rocessing and pre
rimental and num

pril 9-11, 2013, PP

e change of the
ccessive approx
influence or ar

humidity of air 
sture content 

ure content 

g approach, M

ustrial drying p

Roh- und Werk

hin a convectiv
transfer and th

1979 
raşov, 1982 

Universitatea Tr

n Schnittholz -

edicting of THM 
merical methods" 
PIMC, Romania 

e heat-carrying 
ximations. For 
re influenced, 

 
versus wood 

Mc Graw-Hill, 

processes and 

kstoff 57, 439-

ve dryer with 
hermal energy 

ransilvania din 

 Planung von 



COST Action

 

Session 1 
 

Wood a

 

2Interna

Keywords: th
drying cycles
 
Thermal mod
enables the u
properties ca
alterations of
modification 
investigations
the damages 
have an effec
Awoyemi&Jo
bending test a
that small cra
formation of
exposure. 
The investiga
ThermoWood
(Picea abies 
production of
steps, i.e. aft
modification 
microscopic 
microscopy. 
formation of m
The results g
modification 
thermally mo
 
References: 

1. L. A
2. M. 

Stev
3. M. 

Stev
 
 

n FP0904 Confere
treated wood 

natomical 

Michael A

1G
ational ThermoW

hermally modif
s 

dification of w
use of non-dura
aused by the th
f the wood. H
process are li

s (Boonstra et a
to the ray pare

ct on the penetra
ones 2011). Bro
as shown by B

acks on the woo
f severe cracks

ation was don
d Association (

Karst.) and S
f ThermoWood

fter the conven
and after the

scale by mean
Finally, the m
macroscopic cr

give insight into
process of woo

odified wood to 

Awoyemi, I.P. J
Boonstra, J.F. R
vens, Ciencia i 
Boonstra, J.F. R
vens, Ciencia i 

ence"Evaluation, 
behaviour by exp

A

changes on
spruc

ALTGEN1, Juk
Timo TE

Georg-August U
Wood Associat

h

fied wood, anat

wood leads to i
able wood speci
hermal modific
owever, anatom
ikely to contrib
al. 2006b, a; A
enchyma leads
ation of coating
oken cells perp
oonstra et al. (

od surface of the
s during a rep

ne within the 
ITWA) and the
Scots pine (Pi
d. From each lo
ntional kiln-dry
e planing step.
ns of stereosco

material was su
racks was evalu
o factors that m
od. Furthermore
the formation o

Jones, Wood Sc
Rijsdijk, C. San
tecnología 38(

Rijsdijk, C. San
tecnología 8(3

processing and p
perimental and nu
April 9-11, 2013, 

81 

n thermally
ce and Scot

 
kka ALA-VIIK

ETRI2, Holger 

University of Gö
ion, Snellmanin

hmilitz@gwdg.d
 

tomical change

mprovements i
ies for various 
cation can firs
mical changes 
bute to proper

Awoyemi&Jones
 to an open an

g or adhesive sy
pendicular to th
2006a). In this 
ermally modifie
peated wetting 

framework of 
e University of 
inus sylvestris
ot, samples hav
ying, during th
. Anatomical e
opic evaluation
ubjected to rep
uated after each 
might influence 
e, they provide 
of macroscopic

ci. Technol. 45(
nder, E. Kegel, 
(3), 193-208, 20
nder, E. Kegel, 
), 209-217, 200

predicting of THM
umerical methods
PPIMC, Romani

y modified s
ts pine 

KAIRI2, Antti 
MILITZ1 

öttingen, Germa
nkatu 13, FIN-0
de 

s, crack format

in durability an
exterior applic

st and foremos
of the wood s

rty changes as 
s 2011). Pit dea
nd permeable s
ystems into the 
he fibre directio

study, we wou
ed wood are a p

and drying o

a joint projec
Göttingen. Dif
L.) have been

ve been collect
he thermal mo
evaluation was
n, light micros
peated wetting 
cycle.  
the formation 
a potential exp
 cracks during r

(2), 261-267, 20
B. Tjeerdsma, H

006 
B. Tjeerdsma, H

06 

M 
s" 
ia 

surfaces of

HUKKA2,  

any 
00170 Helsinki

tion, microscop

nd dimensional
ations. The cha

st be explained
structure durin
well, as repor

aspiration in as
structure and m
wood (Boonstr

on lead to abrup
uld like to test t
potential startin
of the wood du

ct between the
fferent lots of N
n selected from
ted after differe
dification, afte
s done at mac
scopy and scan

and drying c

of cracks durin
planation for the
repeated wettin

011 
H. Militz, J. Va

H. Militz, J. Va

 

f Norway 

, Finland 

y, wetting and 

l stability and 
anges in wood 
d by chemical 
ng the thermal 
rted in recent 

ssociation with 
might therefore 
ra et al. 2006a; 
pt failures in a 
the hypothesis 

ng point for the 
during outdoor 

e International 
Norway spruce 
m the regular 
ent production 
er the thermal 
croscopic and 
nning electron 
ycles and the 

ng the thermal 
e sensitivity of 
ng and drying.  

an Acker, M. 

an Acker, M. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COST Action FFP0904 Conferen
treated wood be

82 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



COST Action

 

Session 1 
 
Experime

R

1Clerm

4GEMH, D

 
Keywords: G
 
In the structur
criterion. Thi
heterogeneou
paper propos
wood slice du
hydrothermal
inhomogeneo
The experime
figure 1 (a). S
experiment b
mark, figure 
is show by f
defined by fig
axis. rd  is the
example, the 
us note that r
tangential stra

Figure 1

n FP0904 Confere
treated wood 

ental and n

Rostand MOU

mont Université

2CNRS, 
3C

Département Gé

Green wood, exp

res live duratio
is fact is more

us aspect, the or
es experimenta
uring a natural 
l effects, an ag
ous properties in
ental protocol i
Sample is initia
being recalled b
1 proposes a no
figure 1 (a), w
gure 1 (b), whe
e distance betw
mark M i

j tradu
radial and tang
ain is calculated

1. (a) Real green
R1 

R2 

R3 

R4 

R5 

C
C

C
C(a) 

ence"Evaluation, 
behaviour by exp

A

numerical d
durin

UTOU PITTI1,2

Jean-Fra

é, Université B
Clerm

UMR 6602, In
CENAREST, IR
énie Civil et Du

rostand.mout

perimental char

on studies, the p
 marked in tim
rthotropic chara
al and numerica
drying phase. I
geing elastic b
n the radial and
is based on a gr
ally conditioned
by Dubois et al
otification by th
here  is t
ere  is the

ween the referen
uce the point at 
gential strains a
d at the point M

n wood slice. (b

(b

R6 

R7 

R8 

C1 
C2 

C3 
C4 

processing and p
perimental and nu
April 9-11, 2013, 

83 

detections o
ng drying p

 
2,3, Frédéric DU
ançois DESTRE

 
laise Pascal, In

mont-Ferrand, F
nstitut Pascal, F-
RT, BP 14070, 
urabilité, Univer
tou_pitti@univ-

racterization, fi

presence of crac
mber structure 
acter and the vi
al approaches f
In order to take
behaviour [1], 
d transversal dir
reen wood slice
d in water in ord
l [1] and Mouto
he intersection b
he length betw
e distance betw
ntial origin and
the intersection

are defined at th
M 2−3

2

 placed in t

b) Radial repres

!x

!y

!r

1M

2M

1 2r −Δ

b) 

predicting of THM
umerical methods
PPIMC, Romani

of cracks ap
rocess 

UBOIS4, Eric F
EBECQ1,2  

stitut Pascal, U
France 
-63171, Aubièr
Libreville, Gab
rsité de Limoge
-bpclermont.fr

inite element an

cks and their pr
submitted to m
iscoelastic beha
for the crack a

e into account s
including shri

rections, is cons
e in Douglas fir
der to ensure it
ou Pitti [2]. In 
between radiuse

ween M 1 and 
ween M 1 and M
d the projection
n between the ra
he middle poin
he ring n°2 and

sentation. (c) Ta

!y

(c) 

1M

M 
s" 
ia 

ppear in gr

FOURNELY1,

UMR 6602, BP 1

re, France 
bon 
es, 19300, Eglet

nalysis, drying p

opagation is a v
moisture variati
aviour of wood 
appearing predi
stress relaxation
nkage–swelling

sidered. 
r with a thickn
ts saturation; all

order to identi
es and rings. Th
M 2. The tange

M 2 that  
�
r  is th

n of the two poi
adius Ri and th

nt between M 1 
d between radiu

 
angential repre

!x

!r

2M

1 2θ −Δ

dr

 

reen wood 

2,  

10448,  

tons, France 

process 

very important 
ion due to the 
material. This 
ction in green 

n coupled with 
g effects with 

ess of 30 mm, 
l details of the 
ify each black 
he radial strain 
ential strain is 
heir symmetric 
ints on   

� 
r . For 

he ring C j. Let 
and M 2. The 

uses 2 and 3. 

sentation 



 

Figure 2 show
observe that t
appear introdu
 

Finally, this w
fracture mech
coupling finit
 
References: 

1. J.M
2. F. D

pro
The

3. R. 
séch

 
 
 
 
 

 

ws the comparis
the values are im
uced according

Figure 2. Ex

Figure 3. Ex

work should be
hanics approach
te element deve

M. Husson, F. D
Dubois, R. Mou
cess of green 

ermo-Hydro-Me
Moutou Pitti, 
hage d’une ron

x

x

x

o
o

o : experimental m
x : numerical calcu

o
o

1
1 2M −

2
1 2M −

3
1 2M −

4
1 2M −

M
4
1M

crack tip arrest 

COST Action F

son of tangentia
mportant aroun
g to the Tsai-Wu

xperimental and

xperimental and

e completed by
hes, viscoelasti

elopments with 

ubois, N. Sauva
utou Pitti, J.F. D
wood: experim
echanical Wood
Mesure des dé
delle de bois ve

xo

measurements
ulus

1
1M

2
1M

3
1M

crack 

radia

FP0904 Conferen
treated wood be

84 

al strains betwe
nd the moisture 
u’s criterion po

 
d numerical rad

 

 
d numerical rad

 
y a fracture proc
ic and mechano
digital image c

at, Mech. Time-
Destrebecq, Pre
mental and mo
d Behaviour an
éplacements pa
ert, EUE, p 122

40%50%

initiation zone 

al compressed zone 

ce"Evaluation, pr
ehaviour by exper

Ap

een experimenta
content of 8%. 
sted on figure 3

dial strains alon

dial strains alon

cess study. In t
o-sorptive beha

correlation meas

-Depend. Mater
ediction of the c
delling approa

nd Processing, N
ar analyse d’im

2, 2012. ISBN: 9

20%30%
Moisture content

rocessing and pre
rimental and num

pril 9-11, 2013, PP

al and numerica
This fact justif

3.  

ng radius n°3 

ng radius n°3 

this case, a cou
aviour could be
surements. 

r. 14, 203-217, 
crack initiation 
ches, Cost Act
Nancy, 68-70, M
mages: déforma
978-3-8417-97

-10%

-8%

-6%

-4%

-2%

0%

2%

0%10%

Tsai-Wu’s criterion 

edicting of THM 
merical methods" 
PIMC, Romania 

al results. We 
fy the crack 

 

 

upling between 
e proposed by 

2010 
during drying 

tion FP 0904, 
March, 2012 
ations lors du 
19-3 

%

Ta
ng

en
tia

l s
tra

in



COST Action

 

Session 1 
 

Ab

Ja

IVALSA

Keywords: F
 
Wood densifi
apparent redu
effect of woo
colour chang
level. The qu
species, mois
employ FT-N
to densificatio
Beech (Fagu
80mm, width
orientations o
densification 
followed the
densification;
180°C.  
 

Figure 1. F

 
Near infrared
Optics) equi
measurement
subsequently 

33940

-0,05

-0,04

-0,03

-0,02

-0,01

0

0,01

0,02

0,03

680685069002d
er

 o
f N

IR
 a

bs
or

ba
nc

e

re

n FP0904 Confere
treated wood 

bout some c

kub SANDAK

A/CNR, Trees an

FT-NIR, wood d

fication is an o
uction of the s
od densification
ge and degradat
uality and quan
sture content, te
NIR spectroscop
on process in op
s silvatica) wa

h and length res
of 0, 45 and 9
was performed

e literature ref
; 10min, post tr

FT-NIR spectra

d spectra were
pped with fib

t by sanding. A
averaged. Seco

3435363738

65566006650670067500

eference 7

ence"Evaluation, 
behaviour by exp

A

chemical ch

K, Anna SANDA
I

nd Timber Insti
san

densification, w

ld process app
sample dimensi
n. Deformation 
tion of some c
ntity of such c

emperature, tim
py for non-dest
pen system. 

as selected as a
spectively) were
90°. The initial
d in a hydraulic 
ferences and 
reatment; 5min

a of densified an

e measured by 
bber optic pro
At least three m
ond derivative 

30313233

63635064006450650050

7,5mm 45°

processing and p
perimental and nu
April 9-11, 2013, 

85 

hanges to w
 

AK, Dusan PA
laria SANTON

 
itute, via Biasi 
ndak@ivalsa.cn

 
wood chemistry

lied to wood in
ions and in co
of cell wall, di
hemical compo
changes depend

me of treatment, 
tructive and rap

a wood species
e cut-out from 
l thicknesses o
press equipped
was composed

n and cooling; 5

nd reference wo
angle 45°) 

means of VE
obe. The surfa
measurements 
(S-G with 21 s

2526272829

606100615062006250300

wavenumber (cm-1)

predicting of THM
umerical methods
PPIMC, Romani

wood due to

AULINY, Mari
NI 

75, 38010 San 
nr.it 

n order to imp
onsequence its 
islocation of mo
onents is also t
ds on the inten
among others. 

pid characteriza

 for investigati
one board, taki

of the samples 
d with the hot p
d of pre-heat
5min. The hot 

ood (beech, init

ECTOR 22n FT
ace of the sam
were performe
smoothing poin

222324

55850590059506000050

M 
s" 
ia 

o densificat

iaPaola RIGG

Michele All’Ad

prove selected p
increased dens

olecules inside 
taking role on 
nsity of densif
The goal of thi

ation of change

ion. Small bloc
ing care to assu
were 6, 7.5 a

plates. The dens
ing (plasticiza
press temperat

ial thickness 7,

T-NIR spectrom
mple was refr

ed on each sam
nts) and vector 

161718192021

56005650570057505800

 

tion 

GIO,  

dige, Italy  

properties. An 
sity is evident 
of the tissues, 
the molecular 

fication, wood 
is work was to 
s to wood due 

cks (100mm x 
ure three grain 
and 9mm. The 
sification cycle 
ation); 10min, 
ture was set to 

 
5mm, grain 

meter (Bruker 
freshed before 
mple and were 

normalization 

15

5400545055005550

 



 

were used f
dissimilarities
differences w

• cell
• hem
• lign
• and

 
Such changes
(pressing) be
has not a maj
 
Acknowledg
(team 2009 
Provincia Au
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

for spectra pre
s between den

were noticed for 
lulose; 4401, 67
micelluloses; 46
nin; 4686, 5935
d also of extract

s are related to
sides to the eff
or effect on the

ments: Part of 
incoming (CA
tonoma di Tren

COST Action F

e-processing. T
nsified and not 

the vibration b
790, 7003, 7321
686, 5245, 5800
5, 5963, 6874, 6
tives; 4686, 599

o molecular reo
fect of thermal 
e NIR spectra, e

this work has b
ALL 2) and T
nto. 

FP0904 Conferen
treated wood be

86 

The spectra an
treated refere

bands (in cm-1) r
1, 8160 
0, 5950, 7300 
6944, 7092 
95, 7092  

organization of
treatment. It w

even if some of 

been conducted
Trentino - PCO

ce"Evaluation, pr
ehaviour by exper

Ap

nalyses indicat
nce spectra (F
related to: 

f woody molec
was also observ
the mechanical

d within a frame
OFUND-GA-20

rocessing and pre
rimental and num

pril 9-11, 2013, PP

e that there a
Figure 1). Most

cules caused by
ved that the gra
l properties wer

ework of projec
008-226070) co

edicting of THM 
merical methods" 
PIMC, Romania 

are significant 
t considerable 

y densification 
ain orientation 
re affected. 

ct SWORFISH 
o-financed by 



COST Action

 

Session 2 
 

Red

1Universi

2Departme

3Andrej M

Keywords: d
 
Wood is one 
other hand c
properties, di
In order to o
presumed, tha
set recovery a
In order to el
controlled roo
Compression 
vessel that is 
compressed t
(Table 1). In
process devel
then placed 
achieved. The
were heated, 
second step, 
modification 
specimens w
thermal treatm
was determin
determined. S
to establish a
oven-dried.  
 
Table 1. Char

 

Beech 
VTC_A 
VTC_B 
control 

n FP0904 Confere
treated wood 

ducing set r

Miha HU

ty of Ljubljana
Rožn

ent of Wood Sc

Marušič Institut
ILTRA d

densification, hy

of the most im
consumers are 
imensional stab
overcome these 
at densification
and improve fun
lucidate that iss
om (20 °C, 65 %

(VTC) proces
equipped with

to two differen
n the next step,
loped by [1]. P
in a vacuum p
e heat treatmen

which took ab
the specimens 
temperatures w

were again expo
ment, specimen
ned. Furthermo
Specimens (30 
an initial oven-d

racteristics of th
Initial  

thickness 
(mm) 

 
6 (n=6) 
6 (n=5) 
6 (n=6) 

ence"Evaluation, 
behaviour by exp

A

recovery of

UMAR1, Freder

, Biotechnical F
na dolina, C. V
cience and Engi

Co
te, University o

d.o.o., Celovška
miha

ydro-thermal co

mportant constru
facing several

bility and insuff
issues, wood 

n will improve 
ngicidal proper
sues, beech wo
% relative humi
ss at 170 °C. T
h a heated hydra
nt target thickn
, test specimen
Prior to heat tre
pressure chamb

nt process consi
bout 2 hours d
were held at t

were 190°C, 20
osed to vacuum
ns were oven-d
ore, set recover
mm × 10 mm)
dry weight and

he VTC and con
Initial dens

MC=
(g cm

0.6
0.6
0.6

processing and p
perimental and nu
April 9-11, 2013, 

87 

f densified w
 

rick A. KAMK
 

Faculty, Depart
VIII/34, SI-1000

ineering, Orego
orvallis, OR, U
of Primorska, M
a cesta 268, SI-1
a.humar@bf.un

 
ompression, dim

uction material
l issues as we
ficient decay re
was densified, 
the mechanica

rties.  
od (Fagus sylv
idity) and afterw

The densificatio
aulic press at te
nesses resulting
ns (30 mm × 1
eatment, all the
ber (Kambič, 
sted of the thre
depending on t
the desired mo
00°C, 210°C, an
m for 15 minu
dried again, and
ry as affected 
 were first drie

d dimensions an

ntrol specimens
ity (D1) at 

=0% 
m-3) 

D

77 
83 
80 

predicting of THM
umerical methods
PPIMC, Romani

wood with 

KE2, Andreja K

tment of Wood 
0 Ljubljana, Slov
on State Univers
SA 

Muzejski trg 2, S
1000 Ljubljana

ni-lj.si  

mensional stabil

s. Wood has se
ell. Predominat
esistance are th

and in a separ
al properties, an

vatica) was con
wards densified
on process was
emperature of 
g in two differ
10 mm) were h
e specimens we
SI Semič), wh
e main steps. In
the target mod
dification temp
nd 220°C. Befo

utes and cooled
d mass loss as a

by temperatur
ed in a convecti
nd then soaked 

s  
Density after co

(D2) at MC
(g cm-3

 
1.198
1.075

- 

M 
s" 
ia 

heat treatm

KUTNAR3 

Science and Te
venia  
sity, 119 Richar

SI-6000 Koper, 
; Slovenia 

lity 

everal advantag
tely, insufficien
e most importa
rate step heat-t
nd heat treatme

nditioned in an 
d by the Viscoe
s performed in 
170 °C. The sp
rent degrees of
heat treated acc
ere oven-dried 
here a 92.5 %
n the first step, 

dification tempe
perature for thr
ore the last step
d down to 100
a result of the h
re of thermal t
ion oven over n
in water for 24

ompression 
C=0% 
3) 

D
(

8 
 

 

ment 

echnology,  

rdson Hall, 

Slovenia;  

ges, but on the 
nt mechanical 
ant drawbacks. 
treated. It was 
ent will reduce 

environmental 
lastic Thermal 
a pressurized 

pecimens were 
f densification 
cording to the 
at 103°C and 

% vacuum was 
the specimens 

erature. In the 
ree hours. The 
p, cooling, the 
0°C. After the 
heat treatment 
treatment was 
night at 103°C 
4 h, and again 

Density ratio  
(D2-D1)/D1 

 
0.433 
0.365 

- 

 



 

The procedur
recovery was 
Thermal treat
control and V
increased from
treatment con
thermally tre
specimens the
recovery was
groups of VT
reduced. The
deformation (
It can be con
compressive 
considered as
compressive d
 

Figure 1. S

References: 
1. G. 

mod
Silv
Pro
Tec

 
Acknowledg
projects P4-0
 

 

re was repeated
determined.  

tment had the s
VTC wood spec
m approximatel
nsiderably reduc
eated the set r
e determined se
s lower, about 

TC specimens. W
ermal treatmen
(Figure 1).  
ncluded that the

deformation. 
s a successful 
deformation.  

Set recovery of 

Rep, F. Pohlev
dification by a
vapro wood. In:
oceedings. Lju
chnology, 11-17

ments: The au
015. 

COST Action F

d for a total of f

same effect on 
cimens; with inc
ly 3 % at 190°C
ced the set reco
recovery after 
et recovery wa
25 % (Figure 

With increasing
nt at 220°C c

ermal treatmen
Therefore, the
method to elim

heat treated VT

ven, S. Košme
a procedure wi
: D. Jones, H. M

ubljana: Biote
7, 2012 

uthors would li

FP0904 Conferen
treated wood be

88 

five wet/ dry cy

control and VT
creased temper
C to 12 % at 22
overy of VTC w
5 water soaki
s 40 %. In low
1). Thermal t

g temperature o
completely elim

nt of denisified 
e thermal trea
minate the crit

TC and control 
 

erl, Developme
ith an initial v
Militz, M. Petrič
chnical Facul

ike to acknowl

ce"Evaluation, pr
ehaviour by exper

Ap

ycles. After eac

TC wood speci
rature of the the
20°C. Furthermo
wood specimen
ing – drying c

wer density VTC
treatment reduc
f the thermal tr

minated the se

wood can lead
tment after th
tical drawback 

specimens afte

ent of the indu
acuum and com
č, F. Pohleven, 
lty, Departmen

ledge financial 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ch cycle the per

imens. It caused
ermal treatment
ore, it was foun
s. In specimens
cycle was high
C specimens, V
ced the set rec
reatment the set
et recovery of

d to complete f
he VTC proce

of VTC wood

er fifth water so

ustrial kiln for 
mmercialisation
M. Humar, M.
nt of Wood 

support in the

edicting of THM 
merical methods" 
PIMC, Romania 

rcentage of set 

d mass loss of 
t the mass loss 
nd that thermal 
s that were not 
h; in VTC_A 

VTC_B, the set 
covery in both 
t recovery was 
f compression 

fixation of the 
ess should be 
d, recovery of 

 
aking cycle 

thermal wood 
n of modified 
 Pavlič, (eds.). 
Science and 

e frame of the 



COST Action

 

Session 3 
 

Stud

Jus

1Aalto Un

2Bern U
3I

Keywords: b
 
As is common
changes in m
stability of w
wood is at pr
when exposed
chemical cha
lessened chan
therefore cell
complex. Nor
immersed in w
modification 
of wood and
treatments [2]
According to
against moist
wood joints 
manufacturin
by optimising
bonded plywo
immersed in 
post-manufac
bonded plyw
between self-
conditions (p
successfully u
study is to as
wood joints t
promising [10
The experime
wood joints 
properties we
Sciences faci
Knotless birc
post-manufac

n FP0904 Confere
treated wood 

dies on post

ssi RUPONEN

niversity School

University of Ap
VALSA-CNR, 

birch, heat treatm

nly known, one
moisture condit
wood is often in
resent a commo
d to moist cond

anges of cellulo
nces for hydrog
l wall thickeni
rmally a piece 
water. This phe
[1], and actual

d finally, comp
]. 
 Omrani et al. 
t conditions. O

suffer from 
ng linear vibrati
g the process p
ood (i.e. plywo
water. Howeve

cture thermal m
wood in moist c

-bonded plywo
pressure, moistu
utilise thermal 
sess the applica
to enhance the 
0]. 
ental test series
could be impr
ere observed. 
ilities in Biel, S
ch (Betula pend
cture thermally 

ence"Evaluation, 
behaviour by exp

A

t-welding h

N1, Martin RHÊ
M

l of Chemical T

pplied Sciences
Trees and Tim

juss

ment, moisture 

e of the properti
tions. Due to s
nsufficient. How
on method for i
ditions. The key
ose and hemice
gen bonding of 
ing. However, 
of compressed

enomenon (the 
lly, it is sugges
pressed wood m

[3], rotationall
On the contrary,

sensitivity to 
ion welded woo
parameters [4].
ood produced w
er, there have b
modification an
conditions is re
ood and friction
ure, temperatur
modification f

ability of post-m
moisture toler

 was performed
roved through 
The specimens
Switzerland, w
dula, L.) was th
treated at two 

processing and p
perimental and nu
April 9-11, 2013, 

89 

heat-treated
 

ÊME2, Silvia F
Mark HUGHE

 
Technology, Dep

Espoo, Finland
s, Material and W

mber Institute, S
si.ruponen@aal

 
tolerance, therm

ies of wood ma
shrinking and 
wever, the therm
improving, for 
y issues behind
elluloses due to
f water molecul

the dimension
d wood swells 
spring-back eff
ted that therma
may be dimen

ly welded wood
, according to 
water. As th

od joints they w
 According to 

without external
been promising
nd a considerab
eported [8 & 9
n welding of w
re) and compou
for linear vibrat
manufacture the
rance of the joi

d to study if the
thermal modif

s were manufa
ith a Branson M
he raw materia
facilities: in v

predicting of THM
umerical methods
PPIMC, Romani

d vibration

FERRARI3, La
S1 

partment of For
d 
Wood Technolo
an Michele all’
lto.fi 

mal modificatio

aterial is to shrin
swelling we c
mal modificatio
instance, the d

d the improved 
o thermal treatm
les, i.e. lessened
nal stability of
back to near i

ffect) can, howe
al modification 
sionally stabili

den dowel join
Mansouri et al
eir studies inc

were able to im
several studies
adhesives) suf

g results to sup
ble enhanceme
9]. As the simi
wood derives fr
unds in wood o
tion welded wo
ermal modifica
ints. Some of th

e water resistan
fication. Moreo
actured at the 
M-DT24L line
al for this expe
vacuum atmosph

M 
s" 
ia 

nal welded w

auri RAUTKA

rest Products T

ogies, Biel, Sw
Adige (TN), Ita

on, welding of w

nk and swell ac
an say that the
on, i.e., the hea

dimensional stab
dimensional st

ment. These ch
d chances for a
f compressed w
its original dim
ever, be reduced

releases the in
ised through ce

nts have rather h
l. [4] linear vib
cluded various

mprove the resis
s [5, 6, 7, 8 &
ffers from delam
ppress this beha
ent in bond sta
ilarity in the bo
from similarity 
only, it could b
ood as well. Th
ation of linear fr
he results have

nce of linear vib
over, changes i
Bern Universit

ear friction weld
eriment. The sp
here at IVALS

 

wood 

RI1,  

Technology, 

itzerland 
aly 

wood 

ccording to the 
e dimensional 
at-treatment of 
bility of wood 
tability are the 
hanges lead to 
adsorption and 
wood is more 

mensions when 
d with thermal 

nternal stresses 
ertain thermal 

high tolerance 
bration welded 
s methods of 
stance to water 

& 9], also self-
mination when 
aviour through 
ability of self-
ond formation 
in processing 

be possible to 
he aim of this 

friction welded 
e already been 

bration welded 
in mechanical 
ty of Applied 
ding machine. 

pecimens were 
SA-CNR Trees 



 

and Timber In
results are pre
 
References: 

1. P. 
valm

2. C.R
49, 

3. P. O
4. H.R
5. C. C

2nd 
Por

6. C. C
Lice

7. N. O
8. J. R

auto
Lat

9. J. R
dur
Ven

10. J. 
Mo
Pro
mat

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nstitute in Italy
esented at COS

Viitaniemi, S. 
mistamiseksi. F

R. Welzbacher, 
2007 

Omrani, H.R. M
R. Mansouri, P. 
Cristescu. Bond
international c

rto, Portugal, 33
Cristescu. Bond
entiate’s thesis,
Okuda, M. Sato
Ruponen, L. R
o-adhesion.  Pr
tvia, 2010 
Ruponen, L. Ra
ring immersion
neer Processing
Ruponen, L. 

odification on t
oceedings of 
terials and prop

COST Action F

y, and in vapour
T Action FP 09

Jämsä, P. Ko
Finnish Patent N

J. Wehsener, A

Mansouri, A. Piz
Omrani, A. Piz

ding of laminat
conference on 
39-348, 2006 
ding Veneers U
, Luleå Univers
o, Holzforschun
autkari, M. Hu
roceedings of th

autkari, M. Hug
. Proceedings o
g and Products.
Rautkari, M. 

the Bond Stab
COST Action 
perties”, Edinb

FP0904 Conferen
treated wood be

90 

r atmosphere at
904 workshop, 

ontinen, P. Ek
No. FI 110241 B
A.O. Rapp, P. H

zzi, Holz als Ro
zzi, J. Adhes. Sc
ed veneers with
environmental

Using Only Heat
sity of Technolo
ng 61, 439-444,
ughes, Enhanci
he 5th Europea

ghes, Bond prop
of Joint Interna
. Seattle, USA. 

Hughes, Infl
bility of Vibrat

FP0802 Wor
burgh, Scotland,

ce"Evaluation, pr
ehaviour by exper

Ap

t Aalto Univers
in Iasi, Romani

, Menetelmä p
B. 2002 
Haller, Holz als

oh- und Werksto
Sci. Technol. 23,
h heat and pres
lly compatible f

t and Pressure: 
ogy, Skellefteå, 
 2007 
ng the properti

an Conference o

perties of binde
ational Sympos
2011 
uence of Vac

tional Welded 
rkshop “Micro
, UK, 2012 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

sity, Finland. Th
ia, on April 9th 

puristettujen pu

s Roh- und We

off 66, 161-162
, 63-70, 2009 
sure only. Proc
forest products

Bending and S
Sweden, 2008 

ies of plywood
on Wood Modif

rless bonded sp
sium on Wood 

cuum Atmosph
Wood in Moi

o-characterisat

edicting of THM 
merical methods" 
PIMC, Romania 

he preliminary 
-11th 2013. 

uukappaleiden 

rkstoff 66, 39-

, 2008 

ceedings of the 
s “Ecowood”. 

Shear Strength. 

d produced by 
fication. Riga, 

pruce plywood 
Composites & 

here Thermal 
st Conditions. 
tion of wood 



COST Action

 

Session 3 
 

Con

Jörg

1Tec

Keywords: tr
 
The objective
profiles. The 
and applies d
sawed) is plas
The tapering 
the material. 
polymeric str
First experim
process param
wood, the pre
rings.  
In a second st
at entry of 10
lengths of 50
L.) was 20 kN
The density d
and deformat
rays (radiation
 

Figure 1.

As a last step
dimensions w
of 45 mm we
diameter corr
sticks. To avo

n FP0904 Confere
treated wood 

ntinuous W

g WEHSENER

chnische Univer

runk densificati

e of the invest
developed and

densification of
sticised at temp
of the circumfe
The necessary

ructure. 
mental investigat

meters for den
essure in longi

tep, conic moul
00 mm and 70
 mm were dens

N at a moisture 
distributions be
tion behaviour. 
n source Am241

 
. Densified and 

p, tubes with d
were produced, 
ere pushed thro
responding to t
oid rotation of t

ence"Evaluation, 
behaviour by exp

A

Wood Densi

R1, Peer HALL

rsität Dresden, 
2STM Gm

joerg.w

ion, cylindrical 

tigations was a
d patented proc
f wood perpen
peratures above 
erence leads to 
y high deform

tions were perf
nsification. The
itudinal and tra

lds for the prod
 mm at exit. B
sified up to abo
content of 6 % 

efore and after 
The measurem

1, Raytest Isotop

 
glass fibre rein

diameters of 22
needed, e.g., fo
ugh a heated c
the resulting tu
the cross section

p

processing and p
perimental and nu
April 9-11, 2013, 

91 

fication Pr
 

LER1, Jens HA
 

Germany, Insti
mbH Lunzenau,

wehsener@tu-dr
 

profiles, fibre r

a continuous pr
cess is based on
ndicular to the 

80°C and push
increasing later

mability of the 

formed in a sim
 varied proper

ansverse directi

duction of hollo
By this mould, 
out 40 %. The c
and a temperat
the process we

ment of the dens
penmessgerät G

nforced wood pr
 

20 mm and leng
for building con
onic mould wit

ube. Endless pro
ns in the proces

predicting of THM
umerical methods
PPIMC, Romani

rocess of Ci

RTIG1, Tom-E

itute of Steel an
, Germany 
esden.de 

reinforcement 

rocess for man
n a process dev
grain. Therefor

hed through a ta
ral pressure and
wood originat

mple biaxial dev
ties were mois
ion as well as t

w cylinders we
round sticks w
compression fo
ture of 120 oC.
ere determined 
ity profiles was

GmbH).   

rofile (left) and

gth of 1500 mm
nstructions. The
th an entry diam
ofiles can be a
ss, steel rails we

M 
s" 
ia 

ircular Pro

Egmont WERN

nd Timber Struc

nufacturing of h
veloped by Pfle
re, the wood (

apering mould b
d a tangential d
tes from on its

ice to determin
sture and temp
the orientation 

ere developed w
with diameters o
orce for pine (P

to evaluate the
s performed bas

d principle proce

m for upscalin
erefore, sticks w
meter of 314 m
chieved by stag
ere arranged in 

 

ofiles 

NER2 

ctures 

hollow timber 
eumer in 1923 
(dried or fresh 
by a piston. 

densification of 
s cellular and 

ne material and 
perature of the 

of the annual 

with a diameter 
of 15 mm and 

Pinus Silvestris 

e densification 
sed on gamma 

ess (right) 

g to structural 
with diameters 

mm and an exit 
ggering of the 
the mould.  



 

Right after le
were oriented
embedded in 
fibre reinforc
dimensional s
 
Acknowledg
Ministry of E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

eaving the mou
d tangentially to
polyester resin

cement suppres
stability and lea

ments: This pu
Economics and T

COST Action F

uld, fibre reinfo
o the tube. The
, which increas
sses recovery o
ads to a fixation

ublication is bas
Technology of 

FP0904 Conferen
treated wood be

92 

orcement was w
e total weight p
ses the protectio
of the wood d

n of the tube cro

sed on a resear
Germany (Gran

ce"Evaluation, pr
ehaviour by exper

Ap

wrapped around
per unit area wa
on and durabilit
due to the shap
oss sections dur

ch project whic
nt Reference No

rocessing and pre
rimental and num

pril 9-11, 2013, PP

d the tubes. Th
as 500 g/m². Th
ty of the wood. 
pe-memory eff
ring drying of th

ch was funded b
o. KF 2132401 

edicting of THM 
merical methods" 
PIMC, Romania 

he glass fibres 
he fibres were 
Moreover, the 
fect, increases 
he wood. 

by the Federal 
WZ8) 



COST Action

 

Session 3 
 

Shape s

Keywords: b
 
There are sev
structural pur
shapes, and 
interior purpo
that are glued
Increasing en
made bio-bas
extracted from
but it is also 
such as partic
bonding. Lign
industry’s pr
Nevertheless,
more reactive
based adhesiv
bio-based adh
need forelev
THMprocess 
The aim of t
veneer produ
tannin.  
Three veneer
The basic dem
humidity with
work. Quarte
used. The ven
The veneers
Lignosulfona
tested, and au
Three group
lignosulfonat
the reference 
The pressing 
pressure was 
samples and t
phases of RH

n FP0904 Confere
treated wood 

stability of 

Lars BLO

Li

bio-based adhes

veral methods 
rposes, plane a
veneers that ar

oses)[1]. This p
d with bio-based
nvironmental co
sed adhesives o
m wood itself. 
more expensiv

cleboard and m
nin is available 
rocesses. Ligni
, the lignosulfo
e thanlignin [2]
ve in the form 
hesives istheir 

vated temperat
andthus increa
the present wo
cts glued witht

swere bonded t
mands of the lam
hout delaminat
r-sawn veneers
neers were con
’ thicknessesw

ates(Borregaard
urea formaldeh
s with bio-bas
es and tannin.A
was 170 g/m2.
were applied b
0.5 MPa, and t

the condition of
H cycling. 

ence"Evaluation, 
behaviour by exp

A

THM-proc
with bio-ba

OMQVIST, Jim

innaeus Univers
lars

sive, lignin, lign

of producing 
and cross-wise 
re shaped and 
aper is about th
d adhesives. 
oncernsand the
of interest. Som
Tannins are m

ve. Tannin has b
medium density 

in large quanti
in is less expe
onates that com
]. Research sho
of lignosulfona
lowreactivity d

tures. High pr
se the risk of un

ork was to inv
three bio-based 

together into a f
minate were tha
ing in the bond

s of Scotch pine
nditioned at a re
weremade unif
LignoTech, No

hyde adhesive 
sed adhesive w

All three had ag
  
by a press with
the temperature
f the bond line w

processing and p
perimental and nu
April 9-11, 2013, 

93 

cessed lami
ased adhes

 
mmy JOHANS

 
sity, SE-351 95
s.blomqvist@ln

 
nosulfonates, tan

laminated woo
laminated ven
laminatedagai

he shape stabilit

e rising cost of 
me bio-based a

more reactive tha
been used as an
fibre board pro
ties from the pu
ensive than tan

me from the sulf
ows that it is p
ates and tannin
during hardenin
ressures and 
nacceptable dis
estigate the sh
adhesive syste

flat constructio
at it would be s
d line. The stre
e (Pinussilvestr
elative humidity
form by sand
orway) and ta
(Casco Adhesi
were tested: l

glue spread of a

h press plates th
e and the pressi
were determine

predicting of THM
umerical methods
PPIMC, Romani

inated vene
ive systems

SSON, Dick SA

5 VÄXJÖ, Swed
nu.se 

nnin, laminated

od such aslami
neers (i.e., plyw
inst a mould (
ty ofplane and 

f petroleum-bas
adhesives, such
an many other 
n adhesive for 

oduction as wel
ulp industry, be
nnin, but it is
fite pulping of 
possible to bon
-type compoun
ng, resulting in
temperaturesch

stortion or crack
hape stability o
ems:lignin, tann

nwith the midd
shape stable and
ength of the bon
ris L.) with a si
y (RH) of 20 %

ding. Used ve
annin (Kremer 
ives Inc., Swed
lignosulfonates,
approximately 1

hat underwent r
ing time varied
ed immediatelya

M 
s" 
ia 

eer produc
s 

ANDBERG 

den 

d veneers 

inated veneers 
wood), continu
essentially for 
cross-wise lam

sed (synthetic) 
h as tannin and

adhesives, incl
wood composi

ll as laminate an
ecause it is a by
s not as reacti
wood have bee

nd veneers toge
nds [3]. A draw
n long pressing
hange the con
king.  
of THM-proces
nin, ora mixture

dle veneer orien
d useful in clim
nd line was not
ize of 150x150x
% and a temper
eneers have st

Pigmente, Ge
den) was useda
, tannin, and 
129 g/m2. The 

resistive heating
d. The shape of 
after pressing a

 

cts glued 

or boards for 
ous laminated 
furniture and 

inated veneers 

adhesives has 
d lignin,can be 
luding phenol, 
ite production, 
nd finger joint 

y-product ofthe 
ive as tannin. 
en found to be 
ether with bio-
wback of many 
g times or the 
nditions ofthe 

ssed laminated 
e of lignin and 

nted crosswise. 
mates with high 

t tested in this 
x2.6 mm were 
rature of 20°C. 
traight fibres. 
ermany) were 
as a reference. 
a mixture of 
glue spread of 

g. The contact 
the individual 

and at different 



 

The results fr
adhesive in th
product. Futu
 
References: 

1. P. N
Pre

2. R. M
& F

3. L. 
Net

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

from the investi
he form of ligno
ure studies can r

Navi, D. Sand
ss, 2012 
M. Rowell, Han
Francis: CRC P
Blomqvist, R.

twork for Wood

COST Action F

igation show th
osulfonates and
refine thetime a

dberg, Thermo-

ndbook of wood
ress, 2012 
 Rowell, Proc

d Science and E

FP0904 Conferen
treated wood be

94 

hat it is possib
d tannin-type co
and temperature

-hydro-mechani

d chemistry and

ceedings of the
Engineering (WS

ce"Evaluation, pr
ehaviour by exper

Ap

le to bond ven
ompounds to fo
e for optimum b

ical processing

d wood composi

e 8th meeting 
SE), Kaunas, Li

rocessing and pre
rimental and num

pril 9-11, 2013, PP

neers together w
orm a stable lam
bonding. 

g of wood, Lau

ites, Boca Rato

of the Northe
ithuania, 2012 

edicting of THM 
merical methods" 
PIMC, Romania 

with bio-based 
minated veneer 

usanne: EPFL 

on, Fla., Taylor 

ern European 



COST Action

 

Session 3 
 

Effec
compar

Luigi 

 
Keywords: sh

Spruce (from 
applications. 
with the resul
South-Eastern
dimensional s
More than 70
glued for cert
performance 
treatment on 
named.  
Green T. oak 
Steamed boar
modification 
characterized
volatile produ
keeps the set
thermally trea
for two hours
Three boards
specification 
sequence wer
strength deter
solvent free 
characteristic
 

Adh

Polyviny
Condi
 Sequ
Seque
Seque

 

n FP0904 Confere
treated wood 

ct of therm
ison among

TODARO1, Si
N

1University o
2CNR-IVA

3Univer

hear strength, s

Nord Europe) 
Due to a broad
lts of other woo
n Europe, but
stability, elevate
0% of wood pro
tain application
of wood. The 
mass loss and 

logs were initi
rds were then l
under low pre

d by a convecti
ucts of the proc
t pressure. T. o
ated at 160°C f
s, but without st
s for each glue
of the adhesive
re used for a to
rmination of n
that, with a sp
s and the condi

T
hesive 

 
D

(g/
yl acetate 
tioning  

uence 1 
ence 3 
ence 5 7 

ence"Evaluation, 
behaviour by exp

A

al-vacuum
g Norway s

ilvia FERRAR
Nicola MORE

of Basilicata, V
ALSA, via Biasi
rsity of Bari, Vi

luig

steaming, therm

and white ash (
d quantity of r
ods less investi
t actually arou
ed internal tens
oducts use adhe
n. The modifica
aim of the pre
shear strength,

ially steamed at
oaded into the 
essure conditio
ion heat transfe
cess are continu
oak wood was 
for three hours.
teaming. 
ed specimens w
e schedule. For 
otal of 540 samp
non-bonded wo
pecific additive
itioning sequenc

Table 1. Adhesi
Density (23 °C) 
/cm3) (ISO8962)

1 

7 days in s
days in stand atm

processing and p
perimental and nu
April 9-11, 2013, 

95 

 treatment 
spruce, Wh

 
RI2, Paola CET
ETTI1, Achille P

 
V.le Ateneo Luc
i 75, 38010 San
ia Amendola 16
gi.todaro@unib

mo-vacuum proc
 

(from USA) wo
esearch, these 
igated e.g., T.oa
uses indifferen
sions and a low 
esive (2), so hyd
ation of wood b
esent work was
, both for wood

t 110°C for 24 h
dedicated mach

ons (200-250 m
er and can be 
uously removed
dried until th

 Instead, Spruc

were assemble
the bonded wo

ples. In additio
od specimens. 

e, can be conv
ce are shown in

ive specification
Viscosity mP

(ISO2555)
9000-15000

Kind 
7 days in st

standard atmosph
m., 6 hours in hot 

 

predicting of THM
umerical methods
PPIMC, Romani

on bond sh
hite ash and

TERA1, Ottavia
PELLERANO

ano 10, 85100 P
n Michele a/A. T
65/A - 70126 B
bas.it 

cess 

oods are largely
species provide
ak. This last sp

nce in rich wo
durability.  

drothermal trea
by steaming and
s to study the i
d and bondline

hours and then 
hine in order to
mbar). The the
defined as an 
d from the kiln
e 0% of moist

ce and Ash wer

ed according to
ood, 30 samples
n, other 180 sa
The adhesive 

verted in D4 (D
n table 1.  

n and type of te
Pa.s 
) 

Ruptu
(DIN6860

0  1400 k
and duration 

tandard atmosphe
ere and 4 days in
water (60°C), 2 h

M 
s" 
ia 

hear streng
d Turkey o

ano ALLEGRE
O3 

Potenza, Italy 
Trento, Italy 
ari, Italy 

y used for buildi
e some basis fo

pecies is widely
ood markets d

ated wood as we
d heat can affec
influence of th
e, of the three s

cut into boards
o perform dryin
ermo-vacuum p
open system b

n by means of a
ture content an
re thermally trea

o DIN EN 204
s for each of 6 t
amples were als

used is a wate
DIN EN 204). 

est 
ure load 
02/EN204) 
kg/ cm2 

ere 
n cold water (20°C
hours in cold wat

 

gth. A 
ak wood  

ETTI2,  

ing and indoor 
for comparison 
y distributed in 
due to a less 

ell needs to be 
ct the bonding 
ermal-vacuum 
species above-

s 32 mm thick. 
ng and thermal 
process (2) is 

because all the 
a pump which 

nd then it was 
ated, at 180°C 

4-205 and the 
treatments and 
so used for the 
er-thinned and 
The adhesive 

pH 

2.8-3.6 

C) 
er (20 °C) 



 

Table 2 show
the steaming
decreasing fo
 

Table 2. M
different let

T
C
T
C
T
C
T

Table 3 show
be wet by a
adhesive, esp
Nevertheless,
strength of th
 

Table 3. S
indicate sig

Treatments 

Ctrl spruce 
Treated spru
Ctrl ash 
Treated ash 
Ctrl T. oak 
Treated T. o

 
Adhesive can
adequate pro
weakly bonde
with a great p
 
References: 

1. O. A
366

2. L. Z
201
 

Acknowledg
vacuum plant
 

 

ws that the mass
g effect. The r
or T. oak (-32.3%

Mass loss and sh
tters indicate si

relative
reatments 

Ctrl spruce 
reated spruce 

Ctrl ash 
reated ash 

Ctrl T. oak 
reated T. oak 

ws (sequence 1)
dhesive. This 

pecially if the s
, an inversion o

he thermally trea

Shear strength, 
gnificantly diffe

Seq 1 
(N/mm2)

13.8±1.6 
uce 10.4±1.5 

22.1±3.8 
21.0±3.3 
29.0±1.7 

oak 21.1±2.9 

n improve woo
duct and strate
ed. Future work
potential like T.

Allegretti, M. B
69, 2012 
Zhao, Y. Liu, 
11 

ments: The au
t, for the technic

COST Action F

s loss were incr
results of non-
%) and spruce (

ear strength, ± 
gnificantly diff
e values means 

Mass loss (%)
 

1.28±0.02 
 

1.76±0.12 
 

2.25±0.59 

 that thermal tr
event may res
specimens were
of D value was 
ated specimens 

± standard dev
erences between
means decreas

) 
 D

(%)
a  
a -24.2
b  
b -5.0
c  
b -27.3

od utilization a
egy should be 
k will seek the 
 oak. 

Brunetti, I. Cuc

Z. Xu, Y. Zha

thors would lik
cal support. 

FP0904 Conferen
treated wood be

96 

reased with trea
-bonded wood 
(-13.7), but not 

standard deviat
ferences betwee
decreasing com
) Strenght (N

14.6±1
12.6±2
21.1±5
20.7±3
29.7±3
20.1±2
 

reatment reduce
sult in a weak
e submerged fo
depicted in the
highlighted a r

iation, of bonde
n the 6 treatmen
sing compared t

) 
Seq 3 

(N/mm2) 
4.0±0.9 

2 3.3±0.6 
5.0±1.5 

0 4.4±0.1 
3.8±2.2 

3 3.5±1.2 

and allow the u
used. Otherwis
use of other ad

cui, S. Ferrari, 

ang, F. Zhao, S

ke to acknowled

ce"Evaluation, pr
ehaviour by exper

Ap

atment especial
shear strength
for ash (-1.8%)

tion, of non-bon
en the 6 treatme
mpared to contr
N/mm2) sign

.2 a 
2.3 a 
5.4 c 
3.6 c 
3.6 d 
2.5 c 

es the tendency
k bondline resi
for many times 
e sequence 5. In
resistance highe

ed wood specim
nts at P<0.05. L
to control (Ctrl)

 D 
(%) 

ab  
a -16.3
c  
bc -10.7
ab  
a -7.9 

use of low qua
se, a great qua
dhesives for wo

M. Nocetti, N.

S. Zhang, For. 

dge WDE-Masp

rocessing and pre
rimental and num

pril 9-11, 2013, PP

lly in T. oak, pr
h highlighted a
). 

nded wood spec
ents at P<0.05. L
ol (Ctrl) 

Decreasing (%
 

-13.7 
 

-1.8 
 

-32.3 

y of wood, apar
stance for poly
in cold water 

n fact, all the v
er that control s

mens. The differ
Letter D and rel
) 

Seq 5 
(N/mm2) 
3.8±0.9 
4.0±1.3 
5.0±1.2 
5.6±0.8 
1.2±1.3 
1.9±1.4 

ality timber lik
antity of specim
ood difficult to 

 Terziev, BioRe

Stud. China 13

pell, producer o

edicting of THM 
merical methods" 
PIMC, Romania 

robably due to 
a significantly 

cimens. The 
Letter D and 

%) 

rt white ash, to 
yvinyl acetate 
(sequence 3). 

values of shear 
samples.  

rent letters 
lative values 

 D 
(%) 

a  
a 4.4 
b  
b 11.8 
c  
c 57.6 

ke T. Oak, but 
mens could be 

be treated but 

es. 7(3), 3656-

3(4), 321-326, 

of the thermo-



COST Action

 

Session 3 
 
Set-recov

A

Keywords: d
 
The density a
structure und
deformation; 
samples were
samples was
subsequently 
performed in
thickness of 1
treatment, all 
from each tre
24h and subs
without block
be noted, tha
soaking (beca
sank at the en
that even dur
cycling might
The results in
the undensifi
specimens, w
seems to inc
slightly after 
TM full reco
deformation i
The moisture
reduce the w
moisture upta
+ TM there 
interesting to
recovered (as
seen in Figur
recovering it.
inhibits the re
not suffer fro
particular de
phenomenon 
 

n FP0904 Confere
treated wood 

very of den

Kristi

Aalto University

densification, th

and thus select
der controlled c

that is, to elim
e treated in thr
s thermally mo

TM. In addit
n an open pres
12 mm to a targ
 samples were 

eatment for the o
sequently soake
king the surface
at during soaki
ause of their h
nd of the first (l
ring 13 days of
t increase the sa

n Figure 1 clear
fied TM specim
which verifies th
crease the reco
every cycle (ev
very of the den
is permanent. 
e uptake (measu
ater intake for 
ake is clearly di
is some chang

o see that even
s seen in Figure
re 2). This me
 Perhaps there 
ecovery. Wood
om any major 
ensifying proc
properly.  

ence"Evaluation, 
behaviour by exp

A

nsified and 
soaki

iina LAINE, L

y, Department o
kris

hermal modifica

ed properties o
conditions. One
minate the set-r
ree different wa
odified (TM) 
tion, a set of 
s at 150°C for

get thickness of
re-conditioned 
oven-drying-so

ed in distilled w
es. The first soa
ing, the densif
igher density), 
onger) soaking 
f soaking, the s
aturation.  
rly show that se
mens exhibited
he hydrophobis

overy since bot
ven though soak
nsified specime

ured in grams) 
undensified sam

iminished. This
ge in the cellu
n though the av
 1), the water u

eans, that water
is cell wall bre

d densification i
damage. Thes

ess. Thus, fu

processing and p
perimental and nu
April 9-11, 2013, 

97 

thermally m
ng-drying-

 
auri RAUTKA

 
of Forest Produ
stiina.laine@aal

 
ation (TM), set-

of solid wood c
e challenge in w
recovery pheno
ays (further de
another was d
control sampl

r conditioned (
f 5 mm and TM
(RH 65%, 20°C

oaking-cycles. T
water at 20°C u
aking was for 13
fied and densif
whereas only 
period and at t

specimens were

et-recovery of d
d slightly low
sing effect of T
th the oven-dry
king time was r
ens is not obse

is presented in 
mples, howeve

s could mean th
ular level that c
verage thickne

uptake is approx
r is penetrating
eakage or some
is often perform
se results migh

urther analysis

predicting of THM
umerical methods
PPIMC, Romani

modified w
-cycles 

ARI, Mark HU

ucts Technology
lto.fi  

-recovery, dryin

can be enhance
wood compress
menon. In this
scribed in Hill 
densified and 
les was left u
(RH 65%, 20°C

M at 200°C for 3
C) and six spec

The specimens w
using a net fabr
3 days and the o
fied + TM spe
half of the und
he end of last s
e not fully satu

densified wood 
wer thickness s
TM. With the d
y thickness an
reduced after fi

erved, which su

Figure 2. TM 
er, with combin
hat with the com
could reduce t

ess of the dens
ximately the sam
g the cell wall
 change in the 

med on the assu
ht indicate con

is still requ

M 
s" 
ia 

wood under

UGHES 

y, Espoo, Finlan

ng-soaking-cycl

ed by compress
sion is to obtain
s study, Scots p

et al. 2012) [
the third set 

untreated. Dens
C) samples wi
3h with steam in
cimens (10 mm
were oven-drie
ric to hold the 
other three for 6
ecimens alway
densified and T
soaking period. 
urated but also,

can be reduced
swelling than 
densified speci

nd soaked thick
first cycle). How
uggests that som

in this case see
ned densificatio
mbined action o
the water uptak
sified specimen
me as for untrea
s of densified 
wood chemical

umption that the
ntradictory evid
uired to under

 

r repeated 

nd 

les 

sing its porous 
n a permanent 
pine sap wood 
1]: One set of 
densified and 
sification was 
ith an original 
njection. After 

m x 10 mm) cut 
d at 103°C for 
samples down 
6 days. It must 
s sank during 

TM specimens 
This suggests, 
, that repeated 

d by TM. Also, 
the untreated 

imens, cycling 
kness increase 
wever, without 
me part of the 

ems to slightly 
on and TM the 
f densification 
ke. Also, it is 
ns is not fully 
ated or TM (as 
wood but not 
l structure that 
e cell walls do 
dence for this 
rstand related 



 

Figure 1. Av

Figure 2. A
 
References: 

1. C.A
Sci.

 
 

Th
ic
kn
es
s [
m
m
]

W
ei
gh
t [
g]

 

verage (n=6) th

Average (n=6) w

A.S. Hill, J. Ram
. 47(7), 3191-3

5

6

7

8

9

10

11

12

13

1

U

oven‐dry 1
so

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1

U

oven‐dry so

COST Action F

hickness of diffe

weight of differ

msay, B. Keatin
197, 2012 

2 3

UNTREATED

oven‐dry13 d
aking s

2 3

UNTREATED

oven‐dry13 d
oaking

FP0904 Conferen
treated wood be

98 

erently treated s
 

rently treated sa

ng, K. Laine, L

4 5

TM D

oven‐dry6 d
soaking

4 5

TM

oven‐dry6 d
soaking

ce"Evaluation, pr
ehaviour by exper

Ap

samples during 

amples during f

L. Rautkari, M. 

6 7

DENSIFIED

oven‐dry6 d
soaking

6 7

DENSIFIED

oven‐dry6 d
soaking

rocessing and pre
rimental and num

pril 9-11, 2013, PP

four drying-soa

four drying-soak

Hughes, B. Co

8 9

DENSIFIED + TM

y oven‐d6 d
soaking

8 9

DENSIFIED + TM

y oven‐d6 d
soaking

edicting of THM 
merical methods" 
PIMC, Romania 

 
aking-cycles. 

 
king-cycles. 

nstant, J. Mat. 

dry

M

dry



COST Action

 

Session 4 
 
Determin

Miljen

 
Keywords: in
 
Infrared (IR)
measuring th
analysis, the 
obtained ther
technique, wh
equipment. In
control, moni
properties ch
wood, and mo
During the th
many factors 
analysis, and 
ability of the 
surface to th
Emissivity de
material from
parameters of
the experimen
– 13 μm was 
For the exper
optical data w
mm, instantan
frequency 9 
(LWIR, ISO–
Oak wood (Q
defects, with 
60 thermo-m
(width) by 25
The moisture
then thermall
%. The mois
Moisture con
chloride mate
applied to the
and the oak w

n FP0904 Confere
treated wood 

nation of Th
the Infrar

nko Klarić1, St

1U
2 Univ

nfrared thermog

) thermography
he temperature
IR radiation in

rmograms. IR t
hich is easily 
n wood science
itoring of manu
aracterization, 
ore [1].  
hermographic a

can affect the 
one such factor
surface to emi

hat emitted by 
epends on wave

m which the obj
ften are not ent
nt for establishi
conducted. Als

riment, an FLIR
were as follows 
neous field of v
Hz. Detector 

–MIR), IRR 180
Quercus robur L

approximately 
modified oak w
5 mm (thicknes
e content of the
ly treated and a
sture content o

ntent of a piece 
erial with know
e surface of all 
wood specimens

ence"Evaluation, 
behaviour by exp

A

hermo-mod
red Spectra

tjepan Pervan1

University of Za
versity of Ljubl

mk

graphy, emissiv

y is a widely
e distribution o
ntensity of the 
thermography h
applicable in t

e and related fie
ufacturing equip
defects detectio

analysis, tempe
accuracy of te
r is the emissiv
it radiant energy
a blackbody a

elength, temper
ect is made, an

tirely specified 
ing thermo-mod
so the emissivity
R infrared system

: field of view
view (spatial re
type: FPA, un
0 x 180 pixels.
L.) specimens u
the same three 
ood specimens

ss). Innate oak w
e specimens wa
fterwards four 

of specimens w
of sawn timber
wn emissivity 
specimens. The
s were heated to

processing and p
perimental and nu
April 9-11, 2013, 

99 

dified Oak 
al Waveleng

 
1, Silvana Prek

 
greb, Faculty o
ljana, Biotechni
klaric@sumfak

vity, oak wood, 

y applicable n
of an observe
electromagnetic
has its advantag
the field and h
elds, IR thermo
pment and plan
on (particularly

erature is not m
mperature mea

vity of the obser
y expressed as 
at the same tem
rature, object su
ngle of measure
along with the 
dified oak wood
y of innate oak 
m with the follo
 25° x 25°, min
solution) 2.42 m

ncooled microb

used in the expe
ring width. Th

s with the fina
wood elements
as 9 %. Thermo
sides planed. T

was determined
r – Part 1: Dete
in long wavel

e emissivity of 
o 50 °C.  

predicting of THM
umerical methods
PPIMC, Romani

Wood Emi
gth Range 

krat1, Aleš Stra

of Forestry, Cro
ical Faculty, Sl

k.hr 

LWIR spectral

on-destructive 
d object surfa
c spectrum is d
ges and disadv
has no harmful
graphy can be 

nts for hydrothe
y holes, rot and

measured direct
asurement durin
rved object. Em
the ratio of the

mperature and 
urface (opacity

ement. Although
emissivity valu

d emissivity va
wood was dete

owing character
nimum focus di
mrad, F-numbe
bolometer, with

eriment were ra
ere were 60 inn

al dimensions 2
 were kiln drie
o-modified wo

The moisture co
d according to 
ermination by o
ength infrared 
the polyvinyl c

M 
s" 
ia 

issivity Pro
7.5–13 μm 

aže2, Željko Go

atia 
ovenia 

l waveband. 

testing (NDT
ace. Through t
detected and re
antages but it i
l impacts on th
applied in prod

ermal wood pro
d drying cracks

tly, but indirect
ng quantitative 
missivity of the 
e radiant energy

under the sam
y, roughness, or
h important, th
ue in the literat
lues within spe

ermined for the 
ristics was used
istance 0.1 m, f
er 1.5, NETD 1
h spectral rang

adial texture ele
nate oak wood s
270 mm (lengt
d and then four
od elements w

ontent of the spe
EN 13183-1:2

ven dry method
(LWIR) spect

chloride materia

 

operties in 
 

orišek2 

T) method for 
thermographic 

ecorded on the 
is a promising 
he operator or 
duction quality 
ocessing, wood 
s), heat flux in 

tly. Therefore, 
thermography 
material is the 
y emitted by a 
me conditions. 
rientation), the 

hose associated 
ture. Therefore 
ctral range 7.5 
comparison. 

d. Imaging and 
focal length 10 
00 mK, image 

ge 7.5–13 μm 

ements clear of 
specimens and 
th) by 65 mm 
r sides planed. 
ere kiln dried, 
ecimens was 5 
2002/AC:2003 
d. A polyvinyl 
tral range was 
al was verified 



 

During the ex
humidity 60 %
from the lens
and dotted re
area box tool 
 

There was a s
values (two-s

References: 
1. S. P

No.
2. V. B
3. EN

Det

 

xperiment, the 
%, reflected ap
s was 120 mm,
eflections were 

with following

Figur

Figure 3. Innat

significant diffe
sample t(df) = -

Pervan, M. Brez
.4, p. 256-261, 
Bucur, Nondest

N 13183-1:2002/
termination by 

COST Action F

ambient chara
pparent tempera
 angle of meas
inhibited. Emis

g dimensions 70

Figure 1. Inna

re 2. Thermo-m

e oak wood vs. 

erence in the res
-15.6, p = 0.00)

zović, S. Prekra
2012 
tructive Charac
/AC:2003 Mois
oven dry metho

FP0904 Conferen
treated wood be

100 

cteristics were 
ature 20.2 °C, t
surement in rel
ssivity values w

0×30 pixels. 

ate oak wood em
 

modified oak wo
 

thermo-modifi
 

sults for innate 
). 

 

at, M. Klarić, G

cterization and 
sture content of
od 

ce"Evaluation, pr
ehaviour by exper

Ap

as follows: air
the distance of 
ation to the obj
were determine

missivity values

ood emissivity v

ied oak wood em

and thermo-mo

G. Sazdevski, Dr

Imaging of Wo
f a piece of saw

rocessing and pre
rimental and num

pril 9-11, 2013, PP

r temperature 2
oak wood spec
ject normal wa

ed via FLIR sof

 
s 

 
values 

missivity value

odified oak woo

rvna industrija,

ood, Springer-V
n timber – Part

edicting of THM 
merical methods" 
PIMC, Romania 

21 °C, relative 
cimens surface 
as 15°, airflow 
ftware with an 

es 

od emissivity 

, Vol. 63, 

Verlag, 2003 
t 1: 



COST Action

 

Session 4 
 

Chara

Aleš STRA

1Univ
2Univer

3

Keywords: t
properties 
 
The use of n
treatment of w
material was 
atmosphere w
Clear wood sp
treated wood 
RH; n = 8), 
were carried
specimens w
spectrometer 
cm-1. OPUS 
second deriva
based on the p
prior determi
applied in ord
final experim
equilibrium m
The most si
equilibrium m
(Tab. 1). 
 
Table 1. Imp

RH 
[%] 
0 
20 
33 
44 
65 
75 
87 
97 

n FP0904 Confere
treated wood 

acterisation
mod

AŽE1, Željko G

versity of Ljublj
rsity of Zagreb
3IVALSA/CNR

thermal modifi

near-infrared sp
wood and its re

researched. Th
with pre-drying
pecimens (7 × 
(HT), for preco
to achieve diff

d out afterward
were further 3-p

(VECTOR 22-
7.0 package w
atives (Savitzk
partial least squ
ined physical 
der to obtain th

mental procedure
moisture conten
ignificant influ
moisture conten

pact of thermal 
and modulus

EMC 
[%] 
0.0 
2.6 
4.4 
5.6 
7.0 
9.8 
14.5 
17.8 

ence"Evaluation, 
behaviour by exp

A

n of chemic
dified wood

GORIŠEK1, Stj

ana, Biotechnic
, Faculty of For

R, Via Biasi 75,
ales

ication, FT-NIR

pectroscopy as 
eliability to pred
herefore, the a

g, heating at 23
10 × 170 mm) w
onditioning of t
ferent equilibriu
ds (EN 310), 
point measured
-N; Bruker Opti
was used for sp
ky-Golay), and 
uares (PLS) reg
and mechanica

he best perform
e, to achieve th

nt (EMC). 
uence of heat 
nt (ΔEMC = - 5

treatment on av
s of elasticity (M

Untreated wood
Density 
[kg/m3] 

628 
625 
647 
630 
658 
710 
665 
692 

processing and p
perimental and nu
April 9-11, 2013, 

101 

cal and phy
d by FT-NI

 
jepan PERVA

 
cal Faculty, C. V
restry, Svetošim
 San Michele A
s.straze@bf.uni

 
R spectroscopy

a method to d
dict some physi
ashwood (Fraxi
30 °C for 6 ho
were made afte
the material (T 
um moisture co
to determine 

d on the radial 
ics GmbH), in t
pectra pre-proce

in some cases
gression algorith
al properties o

ming models. Dr
he oven dry state

treatment on 
0%), and also a

verage equilibri
MOE) of ashwo
d 

MOE 
[GPa] 
9.92 
11.67 
11.32 
11.08 
10.91 
9.83 
9.65 
9.58 

predicting of THM
umerical methods
PPIMC, Romani

ysical prop
R spectros

AN2, Anna SAN

VIII/34, SI 100
munska 25, HR-
All’Adige, I-380
i-lj.si  

y, ashwood, ch

determine chem
ical properties o
inus excelsior 
urs, followed b

erwards in a ser
= 20 °C) in a w

ontents. Three 
material’s sti
plane by fibre

the spectral ran
essing, which 

s the spectra sm
hm, were devel
of wood. The 
rying by vacuu
e, needed for gr

ashwood was 
at wood density

ium moisture co
ood (RH – relat

H
EMC 
[%] 
0.0 
1.7 
2.7 
3.1 
4.1 
4.8 
5.8 
6.5 

M 
s" 
ia 

erties of th
copy 

NDAK3, Jakub

00 Ljubljana, Sl
-10000 Zagreb,
010 Trento, Ital

hemical proper

mical changes d
of both, treated
L.) was treated
by conditioning
ries from innate
wide climate ra
point standard
ffness. All the
e-optical probe
ge between 4,0
included comp
moothing. Pred
oped for quanti
optimization p

um drier (T = 5
ravimetrical de

confirmed at 
y (- 10%) and st

ontent (EMC), w
ive humidity) 
Heat treated wood

Density 
[kg/m3] 

579 
582 
590 
592 
616 
619 
615 
626 

 

hermo-

 SANDAK3 

lovenia 
, Croatia 
ly 

rties, physical 

during thermal 
d and untreated 
d under steam 
g and cooling. 
e-(C) and heat-
ange (0 to 97% 
d bending tests 
e equilibrated 
e and FT-NIR 
000 and 12,000 
putation of the 
diction models 
ification of the 
procedure was 
50 °C) was the 
etermination of 

reduction of 
tiffness (- 7%) 

wood density 

d 
MOE 
[MPa] 
9.51 
9.88 
10.44 
10.50 
10.72 
10.23 
10.41 
10.81 



 

The most sign
moisture con
regions from 
changes in sp
cm-1 and at 74
properties of 
The heat trea
whereas at m
content almos
Values estima
mechanical p
confirmed for
(MOE). 
 
Table 2. Val
treated ashw

Variable Ra
Density 7 

MOE 6 

MC 7 
 
The FT-NIR 
and heat-treat
of this mater
where signific
 
References: 

1. M. 
2. E. W
3. J. S

 
Acknowledg
Wood Mecha
IVALSA/CN
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nificant change
ntent (EMC), an

4770 to 5236 
pectra were conf
418 cm-1. Thes
hemicelluloses
ated wood has

many other band
st disappeared. 
ated by PLS m

properties, and 
r all tested vari

lidation parame
wood (R2 – coef

v
ank R2 R

78.5 3

62.1 1

97.9 0

spectroscopy sh
ted ashwood. T
rial. Additional
cant changes ar

Scwanninger, J
Windeisen, et a
Sandak, A. Sand

ments: The aut
anics” for the f

NR Italian Trees 

COST Action F

es in FT-NIR sp
nd consequently
cm-1, from 580
firmed also at w
e changes can b

s, amorphous an
s generally les
ds of HT wood

odels were regr
are presented i
ables, the mois

eters for PLS re
fficient of determ
validation; RPD
RMSECV RP

3.3 2.2

930 1.6

.65 7.0

howed high pot
Therefore the m
lly, the analysi
re appearing du

J.C. Rodrigues,
al., Holzforschu
dak, J. Near Inf

thors thank CO
financial suppor

and Timber In

FP0904 Conferen
treated wood be

102 

pectra due to he
y on sorption a
00 to 6126 cm-

wave numbers 4
be generally as
nd semi-crystal

ss significant c
d the changes o

ressed against r
in Table 2. Hig
sture content (M

gression predic
mination; RMS

D - residual pred
PD Region [cm
2 9403.7 - 60

4601.6 - 42
6 6800.1 - 60

4601.6 - 44
0 5450.1 - 42

tential for pred
method demons
s FT-NIR spec

ue to changed w

 K. Fackler, J. N
ng 63, 773-778
frared Spectros

OST FP0802 Ac
rt of the resear
stitute (ECOST

ce"Evaluation, pr
ehaviour by exper

Ap

eat treatment of
and chemical p
-1, and from 66
4404 cm-1, 5219
cribed to signif
lline cellulose, 

changes (respon
of spectra due 

reference value
gh prediction ca
MC), wood dens

ction models de
SECV - root me
diction deviation
m-1] 
098.1;  
246.7 
098.1;  
424.1 
246.7 

icting of tested
strated high pot
ctra cleared up 

water sorption. 

Near Infrared S
8, 2008 
c. 19, 309-318,

ction “Micro Ch
rch during Shor
T-STSM-FP080

rocessing and pre
rimental and num

pril 9-11, 2013, PP

f ashwood on th
properties, were
660 to 7321 cm
9 cm-1, 5618 cm
ficant differenc
and even to th

nse) at these s
to the influenc

es of determined
apability of PL
sity and modulu

eveloped for inn
ean square error
n) 

Preprocessin
Constant off

Constant off

Mult. scatter

d physical prope
tential for quali

spectral regio

Spectrosc. 19, 2

 2011 

haracterization 
rt Term Scienti
02-300802-0222

edicting of THM 
merical methods" 
PIMC, Romania 

he equilibrium 
e found in the 

m-1. Significant 
m-1, 6281-6287 
es in chemical 

he lignin [1-3]. 
spectra bands, 
ce of moisture 

d physical and 
LS models was 
us of elasticity 

nate and heat-
r of the cross-

ng 
fset elimination 

fset elimination 

ring correction 

erties of innate 
ity assessment 
ns and bands, 

287-308, 2011 

Techniques in 
ific Mission at 
259). 



COST Action

 

Session 4 
 

Bon

Andr

1Andrej M

2 Universi

3 Departm

 
Keywords: a
 
Viscoelastic t
a method that
causing fractu
the morpholo
densification 
wood is inten
adhesive bond
wood [2-4]. 
liquefied woo
organic solve
catalyst, at m
bonding of V
evaluated. VT
microscopy a
Densification
(B:c; 0.68 g/c
g/cm3), where
(B:b; 1.20 g
specimens B:
and the thick 
were complet
 

Figure 1. Cro
wood o

n FP0904 Confere
treated wood 

nding perf

reja KUTNAR

Marušič Institut
ILTRA d

ity of Ljubljana
Rožn

ent of Wood Sc

adhesive, contac

thermal compre
t uses steam, he
ures in the cell 
ogy of the VTC

[5], whereas t
nded to be use
ding. So far on
One naturally-
od (LW). Liqu
ents (phenol, p
moderate tempe
VTC beech wo
TC beech spec

and sessile drop
n strongly influe
cm3). Only a fe
eas almost com

g/cm3). The arr
:b unusual defo
ray has an une

tely collapsed. N

oss-section view
f lower (B:a) an

ence"Evaluation, 
behaviour by exp

A

formance of
liq

R1, Aleš UGOV

te, University o
d.o.o., Celovška
a, Biotechnical F
na dolina, C. V
cience and Engi

Co
and

ct angle, densifi

essed wood (VT
eat, and mechan
wall. The stren

C wood change
the surface of 
ed as a compon
nly synthetic adh
-based material

uefaction of wo
polyhydric alco
eratures (from 
ood (Fagus syl
cimens with tw
 method (conta
enced morpholo

few pores rema
mpletely closed 

rows in B:a a
ormation of ray
even thickness, 
No cell wall fra

w, as observed 
nd higher (B:b)

processing and p
perimental and nu
April 9-11, 2013, 

103 

f densified 
quefied wo

 
ŠEK2, Frederi

 
of Primorska, M
a cesta 268, SI-1
Faculty, Depart

VIII/34, SI-1000
ineering, Orego
orvallis, OR, U
dreja.kutnar@up

fication, liquefie

TC wood) is pr
nical compressi

ngth and stiffne
es significantly
VTC wood ex
nent in an eng
hesives were us
l that has the 

ood is a proces
hols, cyclic ca
100 °C to 250

lvatica L.) and
wo different de
act angle) for su
ogy of beech w
ined visible aft
structure was o

and B:b indica
s was observed
which might b

actures were ob

with UV light, 
) degree of dens

predicting of THM
umerical methods
PPIMC, Romani

VTC beech
od 

ick A. KAMKE

Muzejski trg 2, S
1000 Ljubljana
tment of Wood 

0 Ljubljana, Slov
on State Univer
SA 
pr.si 

ed wood, shear 

roduced with so
ion to increase 
ss of the wood 

y and depends 
xhibits hydroph
gineered compo
sed to test bond
potential to re
s in which wo

arbonates, ionic
0 °C). In this 

d shear strength
egrees of densi
urface energy us
wood as seen in 
ter lower degre
obtained after h
ate the directio
d. The narrow r
be correlated to 
served after den

of undensified 
sification in com

M 
s" 
ia 

h bonded w

E3, Milan SER

SI-6000 Koper, 
; Slovenia 
Science and Te
venia 

rsity, 119 Richa

strength 

o-called VTC pr
the density of w
material are in
strongly upon 

hobic behaviour
osite material w
ding performan
eplace synthetic
od particles ar

c liquids), with
research, LW 

h of bonded sp
ification were 
sing water and L
Figure 1 in un

ee of densificat
higher degree o
on of compress
rays appear in a

the distribution
nsification. 

beech (B:c) an
mpletely deform

 

with  

RNEK2 

Slovenia;  

echnology,  

ardson Hall, 

rocess. This is 
wood, without 

ncreased [1, 2], 
the degree of 
r [3, 6]. VTC 

which requires 
ce of the VTC 
c adhesives is 
e dissolved in 

h or without a 
was used for 

pecimens was 
analysed with 
LW.  
densified state 
tion (B:a; 1.08 
f densification 
sion. In VTC 
a wavy pattern 
n of pores that 

 
nd VTC beech 
med state 



 

The contact a
(Figure 2). T
specimens wh
 

Figure 2. Av

According to
requirements 
wood assemb
the highest de
significantly a
was ascribed 
line character

References: 
1. F. A
2. A. K
3. A. K

82-
4. A. K
5. A. K
6. J. D

126
7. A. 

Sub
8. A. 

10.
 
Acknowledg
Research A
environmenta
12-041 “Adh
adhesives”. 
 
 
 

 

angle of water 
The contact ang
hich could be du

verage (n = 8-10

o EN 12765 
for non-structu

blies (6.4 (σ = 1
ensity VTC wo
affect the shear
to presumably 

ristics when bon

A. Kamke, Mad
Kutnar, F. A. K
Kutnar, F.A. K
86, 2008 
Kutnar, F. A. K
Kutnar, F.A. Ka

D. Jennings, A. 
61, 2005 
Ugovšek, F. A

bmitted for pub
Ugovšek, A. 

1080/01694243

ments: The au
Agency throug
ally friendly ad
hesive bonding 

COST Action F

was significan
gle of LW did n
ue to lower sur

0) advancing co
deg

(2001) none o
ural internal app
1.4) MPa) bond
od (1.7 (σ = 1.0
r strength (4.9 (
insufficient pen
nding wood wit

deras Ciencia y
Kamke, M. Sern
Kamke, M. Petri

Kamke, J. A. Na
amke, M. Serne
Zink-Sharp, F.

A. Kamke, M. S
lication, 2012 
Sever Škapin,

3.2012.736854,

uthors grateful
gh the funda
dhesives from r

of viscoelastic

FP0904 Conferen
treated wood be

104 

ntly different b
not show signi
face tension of 

ontact angle of w
gree of densifica

 
of the assemb
plications (≥ 10

ded with LW w
0) MPa), where
(σ = 1.9) MPa).
netration in the 
th LW [8]. 

 

y tecnología 8, 8
nek, Holz Als Ro
c, M. Sernek, C

airn, M. Sernek
ek, Wood Sci. T
. A. Kamke, C.

Sernek, M. Pav

 M. Humar, M
 2012 

lly acknowledg
amental resear
enewable plant
 thermal comp

ce"Evaluation, pr
ehaviour by exper

Ap

between control
ficant differenc

f LW [7].  

water and LW i
ation 

blies bonded w
0 MPa). The sh
as statistically g
eas the lower de
. The reason for
case of VTC b

83-92, 2006 
oh-und Werkst.
Colloid Surf. A-

, Wood Fiber S
Technol. 43, 57-
.E. Frazier, J. A

vlič, A. Kutnar

M. Sernek, J.

ge the financia
rch project J
t polymers” and
ressed wood w

rocessing and pre
rimental and num

pril 9-11, 2013, PP

l and VTC bee
ce between con

 
in wood sample

with LW achie
hear strength of
greater than she
egree of densifi
r a decrease of 

beech wood and

 66, 439-446, 2
-Physicochem. E

Sci. 40, 362-373
-68, 2009 

Adhes. Sci. Tech

r, Eur. J. Wood

Adhes. Sci. T

al support by 
J4-2177 “Dev
d bilateral proj

with environmen

edicting of THM 
merical methods" 
PIMC, Romania 

ech specimens 
ntrol and VTC 

es of different 

eved standard 
f control beech 
ear strength of 

fication did not 
shear strength 

d specific bond 

2008 
Eng. Asp. 329, 

3, 2008 

hnol. 19,1249-

d Wood Prod. 

Technol. DOI: 

the Slovenian 
velopment of 
ect BI-US/11-
ntally friendly 



COST Action

 

Session 4 
 
Baltic Se

Ebers
Faculty of W

Keywords: B
 
Construction 
production pr
potential for 
Development
which is base
Action activit
aims for susta
Partners from
Germany, ha
collaboration
processes, the
work togethe
gives a first im
In the long t
collaboration 
processes are
Development
simultaneous 
formability of
The plasticiza
realized usin
performed in 
cause-effect r
wood are esti
chemical or 
modified or n
 
Acknowledg
sustainable w
paper is base
the Internatio
 
 
 
 
 

n FP0904 Confere
treated wood 

ea network 

Alexand

swaldeUniversi
Wood Science a

Baltic Sea Regio

using renew
rocesses, enabl

innovation an
t. The Universi
ed on wood mo
ties. These proc
ainable and resp

m several countr
ave joined for
s. They aim to 
e procedural de
er on the develo
mpression of th
term, within th

is to lead to 
e handled in c
t in the Faculty 
shaping and fix

f veneers is imp
ation of the ve

ng an identical
one operation.

relationships ar
imated. Other ap

thermal modi
native woods by

ments: The B
wood processing
d on, is financi

onal Bureau of t

ence"Evaluation, 
behaviour by exp

A

for efficien
on wood m

der PFRIEM, M

ity for Sustainab
and Technology

Alexa

on, Network, Sh

able raw mat
les the develop
nd is being ta
ity has created 
odification and
cesses are assoc
ponsible dealing
ries in the Baltic
rces in this ne

work on curre
escription and c
opment of the 

he network's wo
he framework's 

practical impl
current research

of Wood Scien
xation of form u
proved for the c
eneers to impro
l chemical sub
 Chemical, phy
re derived, and
pproaches work
ification proce
y chemical tech

Baltic Sea Netw
g based on a c
ially supported 
the BMBF at th

processing and p
perimental and nu
April 9-11, 2013, 

105 

nt and susta
modification

 
Mario ZANDE

 
ble Developme

y, Friedrich-Ebe
ander.Pfriem@h

 
haping Process

terials, combin
pment of highly
aken up by th
a network for 

d transformation
ciated with the f
g of renewable 
c Sea Region, s
etwork to dev

ent problems in
calculation and 
product design

orking methods
developed sci

lementations in
h projects at t
nce and Techno
using thin layer
coating of surfa
ove the formabi
bstance. Form
ysical and struc
d their general 
k to achieve spe
sses. Emission

hniques. 

work Project “
combined form

by the Federal
he DLR (01DS1

predicting of THM
umerical methods
PPIMC, Romani

ainable wo
n processes

ER, Lothar CL

ent - University 
ert-Straße 28, 1
hnee.de 

es, Wood Modi

ned with high
y sustainable p
he Eberswalde 

efficient and s
n processes wh
field of energy 
raw materials.

such as Latvia, 
velop multilate
n combined mod

optimization o
n. The website 
.  
entific and tech
n modern appl
the Eberswalde
ology, for exam
rs of wood. By 

aces or for the p
ility as well as
ing, fixation o

ctural studies ar
validity and ap
ecific changes i
ns are conside

“Formation of 
ming and wood 

l Ministry for E
2012). 

M 
s" 
ia 

od process
s 

LAUDER 

of Applied Sci
6225 Eberswal

ification 

h-tech and en
products. This i

University fo
sustainable woo
hich is an outco
and resource ef

Estonia, Poland
eral education 
dification and t

of the processes
www.wood-mo

hnical solution
ications and p
e University fo

mple: a research
targeted materi

production of m
 the fixation of
of form and h
re performed on
pplicability to 
in material thro
erably reduced 

a network of 
modification p

Education and 

 

ing based 

iences,  
lde, Germany 

nergy-efficient 
issue has high 
or Sustainable 
od processing, 
ome of COST 
fficiency, with 

d, Sweden and 
and R & D 

transformation 
s, as well as to 
odification.net 

ns, the goal of 
products. Such 
or Sustainable 
h project of the 
ial change, the 

molded articles. 
f form is both 
hardening are 
n this process, 
other types of 

ough the use of 
in thermally 

f efficient and 
processes” this 
Research over 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

COST Action FFP0904 Conferen
treated wood be

106 

ce"Evaluation, pr
ehaviour by exper

Ap

rocessing and pre
rimental and num

pril 9-11, 2013, PP

edicting of THM 
merical methods" 
PIMC, Romania 



COST Action

 

Session 4 
 

Geo

1Georg-Au
2Depar

Keywords: c
 
Wood as a str
The fatigue p
studies focus
examine the 
compression 
cell wall; the 
the performan
The densifica
equipped with
three main ph
were steamed
released, and
venting perio
During phase
to 200 °C for
which lasted 
 

 
The tests wer
test rig by D
control speci
controlled en
cyclic loadin
thickness of t
and further o
mm and 90 m
405 N and of 
during two se
the specimen
tests were pe

n FP0904 Confere
treated wood 

Fatigue be

org BEHR1, Ho

ugust-Universit
rtment of Wood

3University

cyclic creep, den

ructural materia
properties for w
sed on fatigue 
fatigue behavio
in the VTC pro
strength and st

nce of the VTC
ation of beech
h a heated hyd
hases. The init
d without comp
d the specimen 
d the specimen

e 3 the platen tem
r 300 seconds. 
360 seconds. T

Initial  
thickness 

(mm) 

6 

re carried out at
DHM embedde
mens (150 mm

nvironment room
ng, 3-point ben
the control (6 m

on in fatigue me
mm respectively
f control wood 3
eparate tests, na
s during fatigue
erformed with 

ence"Evaluation, 
behaviour by exp

A

haviour of 

olger MILITZ

tät Göttingen, W
d Science and E

y of Primorska, 
georg.beh

nsification, 3-po

al like metals an
wood have bee
properties of 

our of Viscoel
ocess leading to
tiffness of the w

C wood under cy
h (Fagus sylva
draulic press at 
tial phase was 
pression for thr
was able to v

n lost moisture. 
mperature was 
In the last step
he characteristi

Table 1. Chara
Initial den

(D1) at MC
(g cm-

0.519

t 20 °C and 65 %
d systems, Cla

m (L), 10 mm 
m (20 °C, 65 %

nding tests wer
mm) and VTC 
easurements wa
y). Determined 
311 N. The forc
amely 60 % an
e measurement
the SysCon Ea

processing and p
perimental and nu
April 9-11, 2013, 

107 

VTC and u
 

Z1, Frederick A
 

Wood Biology a
Engineering, Or
Andrej Marusic

hr@forst.uni-go
 

oint bending, fa

nd plastics brea
en studied in th
densified wood
astic Thermal 
o increased den
wood material i
yclic deflection 
atica L.) was p
temperature of
steaming of th
ree minutes. A
ent for 100 s w
Phase 3 began 
raised from 170
 the specimens
ics of the VTC 

acteristics of the
nsity 
C=0% 
3) 

Den
com

(D2) 
(

9 

% relative hum
austhal-Zellerfe
(T), and 6 mm

% RH) prior to
re performed o
(3.8 mm) woo

as different for
average maxim

ce of cyclic load
nd 75 % of Fmax
ts was different
asytest softwar

predicting of THM
umerical methods
PPIMC, Romani

untreated b

A. KAMKE2, A

and Wood Prod
regon State Uni
c Institute, Kop
ettingen.de  

atigue 

aks down under
he past in detai
d. Therefore th
Compressed w

nsity of wood i
s increased [2, 
was till now un
performed in 

f 170 °C. The V
he specimen at 
After this treatm
without compre
with an applic

0 °C to 200 °C 
 were cooled u
test specimens 

e test specimens
nsity after 
mpression 
at MC=0% 

(g cm-3) 
0.781 

idity (RH) by th
eld Germany o
m 3.8 mm (R))
o measurement
on VTC and c
od differed, the 
r the VTC woo
mum bending fo
ding was select
x. Due to differ
t for VTC wood
e by DHM em

M 
s" 
ia 

beech wood

Andreja KUTN

ducts, Göttingen
iversity, Oregon
per, Slovenia 

r cyclic deflecti
il [1]. Howeve
he aim of this 

wood (VTC woo
s not causing fr
3]. However, a
nknown. 
a pressurized 

VTC process co
860 kN m-2. T

ment, the steam
ession (phase 2
ation of a comp
and specimens

under compressi
are shown in T

s 
Density ratio  
(D2-D1)/D1 

0.336 

he use of the dy
on densified an
) that were con
ts. To determin
control specime

span in 3-poin
od and control s
orce, Fmax, of V
ted to be applied
rent Fmax, the fo
d and control sp

mbedded system

 

d 

NAR3 

n, Germany 
n, USA 

ion or loading. 
r, none of the 
study was to 

od). Since the 
fractures in the 
as stated above 

vessel that is 
onsisted of the 
The specimens 

m pressure was 
2). During the 
pressive force. 
s were exposed 
ion to 100 °C, 

Table 1. 

ynamic fatigue 
nd undensified 
nditioned in a 

ne the force of 
ens. Since the 
nt bending test 
specimens (50 

VTC wood was 
d at two levels 
orce applied to 
pecimens. The 

ms operating a 



 

Festool 4 kN
cycles (1 h) o
minimum def
development 
(Figure 1).  
The results sh
wood specim
wood specim
loading force
failure alread
followed by g
cycles. As sh
deflection at 
VTC densific
 

Figure 1. Cyc
 
References:  

1. W. 
2. F.A
3. A. K

 
Acknowledg
Agency throu
 
 
 
 
 
 
 
 
 
 

 

N pneumatic pis
or until the fail
formation of the
of the deform

howed that the 
mens after 5040
mens, however t
e to 75 % result
dy after 5000 cy
gradual increas

hown in Figure 
failure was low

cation process im

clic creep of con

Gillward, Holz
A. Kamke, Made
Kutnar, F.A. Ka

ments: The au
ugh the promoti

COST Action F

ston at a freque
lure of the spec
e specimens we

mation in the sp

cyclic loading
00 cycles. The 
the absolute def
ted in rapid inc
ycles. In the VT
e and further ra
1 the cyclic cr

wer in VTC wo
mproves the pe

ntrol and VTC 

z als Roh- und W
deras Ciencia y 

amke, M. Serne

uthors acknow
ion project MU

FP0904 Conferen
treated wood be

108 

ency of 14 Hz.
cimens occurre
ere measured. T
pecimens under

 at 60 % of Fm
cyclic creep ra
formation was 
crease of cyclic
TC specimens in
apid increase b
reep was lower 
ood specimens.
erformance of w

specimens duri

Werkstoff 19, 86
tecnología 8(2)
ek, Holz Als Ro

wledge the fina
-PROM/12-011

ce"Evaluation, pr
ehaviour by exper

Ap

 The cyclic loa
d. During cycli

The measureme
r cyclic loading

max did not lead 
ate increased gr
higher in contr

c creep rate in c
nitial rapid incr
efore failure, w
in the VTC wo

. Nevertheless, 
wood under cycl

ing cyclic loadi

6-92, 1961 
), 83-92, 2006 
oh-und Werkstof

ancial support 
1 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

ading was appl
ic loading the m
nt enabled the a
g, the so-called

to failure of co
radually in con
rol specimens. 
control specime
rease of cyclic 

which was cause
ood specimens,
it can be conc

lic loading. 

ing at 60 % and

ff 66(6), 439-44

by the Sloven

edicting of THM 
merical methods" 
PIMC, Romania 

lied for 50400 
maximum and 
analysis of the 
d cyclic creep 

ontrol or VTC 
ntrol and VTC 
Increasing the 
ens, leading to 
creep rate was 
ed after 27700 
, while critical 
cluded that the 

 
d 75 % of Fmax. 

46, 2008 

nian Research 



COST Action

 

Session 4 
 

Gluing

Anne LAVA

Keywords: G
 
The general o
plating of a 
shipbuilding 
wood panels 
adhesive reve
fiber saturate
realize shape
techniques be
product, sam
process for th
We investiga
theories expla
process, as sh
quality is obs
per square me
well as chemi
 

 
The first part
Then, researc
tests are carri
to the mecha
microstructur
the internal p
bond line thic
First results 
important role
these two fa

n FP0904 Confere
treated wood 

g ability of 

ALETTE1,2, Gé

1Universit
2Chantier

Green gluing, re

objective of thi
ship. This ma
sector and its p
in shipbuildin

ealed that wood
ed point) [1].Gr
d product, whi
enefits, such as 
e pressure repa

his work. 
ated the technic
ain the bond pe
hown in the fol
served for each 
eter, viscosity a
ical and mechan

F

t of this study 
ches on the bon
ed out in order 

anical tests, mic
re of the green-
part of the teste
ckness is observ
suggest that w
e on the joint b
actors to deter

ence"Evaluation, 
behaviour by exp

A

Pinus Pina

érard ELBEZ1

té Bordeaux, I2M
r Naval Dubour

Anne.la

esin penetration

is project is to 
aterial should a
process should p
ng industry are
d panels could b
reen wood spec
ich is a key po
no dimensiona

artition all over

cal feasibility o
erformance [2]. 
llowing figure. 
gluing step. W

and pressure. T
nical phenomen

Figure 1. Gluing

is focused on 
nd line perform

to determine th
croscopic obser
-glued plywood
ed material. Gl
ved. 
wood moisture 
ehavior. Experi

rmine the ultim

processing and p
perimental and nu
April 9-11, 2013, 

109 

aster depen
 

1, Alain COIN
 

M, UMR 5295,
rdieu 1800, 334
avalette@u-bord

 
n, microscopy 

realize an inn
answer to the 
permit to adjus

e made from d
be green glued 
cific properties 
oint in this proj
al or shape limi
r the molded p

f producing ply
We ordered the
The effect of s

We studied facto
The Polyurethan
na.  

g steps characte

the wood surf
mance are condu

he panels mecha
rvations provid
d. Confocal lase
lue penetration

content and g
imental design 
mate shear str

predicting of THM
umerical methods
PPIMC, Romani

nding on its

TE1, Régis PO

, F-33400 Talen
470 GujanMestr
deaux1.fr 

novative compo
mechanical ch

st the panel to t
ried veneers, b
(i.e. wood moi
(such as bendi

ject. Vacuum f
itations, variabl
plywood. These

ywood by green
ese models in th
several parame
ors such as woo
ne impregnation

erizing adherenc

face characteriz
ucted by experim
anical propertie

de a better unde
er scanning mic
n depth in woo

glue spread rat
analysis define
ess. A correla

M 
s" 
ia 

s moisture c

OMMIER1, Mic

nce, France 
ras, France 

osite material to
aracteristics re
the desired shap
but a study on
isture content h
ing ability) are
formed plywoo
le thicknesses a
e benefits lead 

n-gluing techno
hree phases dur
ters influencing

od moisture con
n in wet wood i

ce 

zation (wettabil
mental design m
es and failure ty
erstanding of th
croscopy enabl
d, pore space 

te per square m
s a parametric e

ation between 

 

content 

chel DANIS1 

o be used in a 
equired by the 
pe. Traditional 

n Polyurethane 
higher than the 
e interesting to 
od gets several 
allowed in one 
us to use this 

ology. Several 
ring the gluing 
g the glue line 
ntent, glue rate 
is observed, as 

lity, porosity). 
method. Shear 
ype.In addition 
he internal 3D 
es to visualize 
saturation and 

meter play an 
equation using 
the glue line 



 

morphology a
manufacturin
To conclude, 
Results on tra
 
References: 

1. R. 
prin
200

2. G. E
 
Acknowledg
Technology) 
Furthermore, 
in Finland an
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

and its mechan
ng parameters. 

the document a
aditional shear a

Pommier, Com
ncipes physico 
07-Prix René H
Elbez, Le collag

ments: The a
for funding th
we are thankfu

d its team, nam

COST Action F

nical properties

aims at validati
and bending tes

mpréhension de
mécaniques ap

Houpert, 2007 
ge du bois, CTB

authors are gr
he project and t
ul to Aalto Sch

mely prof. Mark 

FP0904 Conferen
treated wood be

110 

s is also observ

ing the process 
sts show the pot

e l’aboutage d
ppliqués au Pin 

BA, 2002 

rateful to ANR
to the Cluster A

hool of Chemica
Hughes for the

ce"Evaluation, pr
ehaviour by exper

Ap

ved. These anal

according to th
tential of this p

du bois vert: d
maritime, XXV

RT (National 
ABOVE for su
al Technology 
eir cooperation 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

lyses allow fixi

he shipbuilding
rocess.  

détermination d
Vèmesrencontres 

Agency for R
upplying wood 
(Forest Produc
to this project. 

edicting of THM 
merical methods" 
PIMC, Romania 

ing the panels 

g requirements. 

du procédé et 
du génie civil 

Research and 
raw material. 

ct Technology) 



COST Action

 

Session 4 
 

Depa

 
Keywords: M

 
The hot-press
production th
as main facto
determined in
In the presen
second stage 
resin from ha
alternation of
per millimete
regression an
aforemention
On fig.1 is sh
 

Figure 1. V

With increas
improved. Th
At temperatu
strength. Thi
processes at p
study of the p
the effect of h
1900 C. In th
ones, fig.2.  

n FP0904 Confere
treated wood 

Influence o

Viktor S

artment of Woo

MDF, hot-pressi

sing is main tec
he applied press
ors in process to
n order of wood
nted report is co

of hot-pressing
ardwood raw m
f temperature in
er of board th
nalyze methods
ned alternation r
hown the alterna

Variation of ben

sing duration o
he relative bigge
ures above 1860

is may be due
phenol-formald
processes it sho
heat duration at

he last case eve

ence"Evaluation, 
behaviour by exp

A

of hot-press

AVOV, Julia M

od Mechanical T

ing, duration, te

chnological stag
sure after first s
o be considered
d-species, resin 
onducted empir
g on properties

material. For the
n range from 15
hickness. The 
s and are dedu
range.  
ation of bending

nding strength, 
p

of heat treatm
er increase of s

0 C and duration
e to “carameliz
dehyde resin wh
ould be rise dia
t hot-pressing w
n at 70 s/mm a

processing and p
perimental and nu
April 9-11, 2013, 

111 

sing regime
 

MIHAILOVA
 

Technology, Un
victor_savov@

emperature 

ge in order engi
stage of hot-pre
d temperature a
type, wood-ma
rical research o
s of MDF prod
e purpose are p
50° to 200° C a
results for MD

uced dependen

g strength at stu

depending on p
pressing duratio

 
ment and temp

trength is obser
n of pressing fr
zation” of som
hich could lead
apason of temp

when temperatu
are achieved va

 

predicting of THM
umerical methods
PPIMC, Romani

es at MDF 

, Cvetelin EVS

niversity of For
@abv.bg 

ineering of fibe
essing has limit
and duration of
at characteristic
on influence of 
duced on the b
produced board
and alternation 
DF properties 

nces for influen

udied range of f

pressing temper
on 

erature the be
rved up to 1700

from 90 s/mm i
me wood eleme
d to fragility of 
perature variatio
re of plates is 1

alues of studied

M 
s" 
ia 

production

STATIEV 

restry, Sofia, Bu

erboards’ prope
ted significance
f pressing. The 
s and other.  

f temperature an
ase of Phenol-

ds at laboratory
of duration from
are processed

nce of treated 

factors values.  

 
rature at differe

ending strength
0 C then its grad
s observed slig

ents or to initi
material. For m

on. Much more
1500 C in compa
d property close

 

n 

ulgary 

erties. At MDF 
e. That defines 
last should be 

nd duration of 
Formaldehyde 

y conditions at 
m 45 s to 90 s 

d with use of 
factors at the 

ent levels of 

h of board is 
dient decrease. 
ght decrease in 
ial destruction 
more complete 
e significant is 
arison when is 
ed to maximal 



 

Figure 2.
depending 

leve

The dependen
degree. This 
significantly 
fig. 3. At tem
relatively sma
 

Figure 4. V
depending on

o
 

With 
of boards is im

 
References 

1. G. D
2. J. M

the 
3. N. T
4. E.G

Uni
USA

 
 
 
 
 

 

. Variation of b
 on pressing du

els of pressing t

nce of swelling
property is im
is improvemen

mperature of 150
aller, fig. 4.  

ariation of swel
n pressing durat
of pressing tem

increase of hot
mproving. Аgai

Donchev, Fibre
Mihailova, Han

University of F
Trichkov, Mode

G. Woodston, O
ited States De
A, Louisiana, 1

COST Action F

ending strength
uration at differe
temperature 

g in thicknesses
mproved, decrea
nt at temperatur
00 C the decreas

lling in thickne
tion at different

mperature 

t-pressing durat
in this tendency

eboard manufac
ndbook for Exer
Forestry. S., 200
elling and Opti
O. Suchsland, F
partment of A

1991 

FP0904 Conferen
treated wood be

112 

 
h, 
ent 

Figur
depen

 
 from duration 

ase its values, a
re level of 1900

se of swelling i

esses, 
t levels 

Figu
pres

tion at temperat
y is stronger exp

cturing. Techni
rcises in Partic
02 
imisation of Pro
Fiberboard Ma

Agriculture, For

ce"Evaluation, pr
ehaviour by exper

Ap

re 3. Variation o
nding on pressin

levels of p

and temperatur
at increscent of
0 C and duratio
in thicknesses in

ure 5. Variation
sing duration a

te

ture of treatmen
pressed when d

ica State Publis
cleboards Tech

ocess Sites. Cou
anufacturing Pr
rest Service. A

rocessing and pre
rimental and num

pril 9-11, 2013, PP

of swelling in th
ng temperature 

pressing duratio

re of pressing i
f factor’s level
on of process u
n function of tr

n IB strength, d
t different level

emperature 

nt IB (internal b
duration is risin

shing House. S.
hnology. Publish

urse of lectures.
ractices in the U
Agricultural Ha

edicting of THM 
merical methods" 
PIMC, Romania 

 
hicknesses, 
at different 

on 

is from second 
s. Much more 

up to 55 s/mm, 
reat duration is 

depending on 
ls of pressing 

bond) strength 
g at 1900 C. 

, 1982 
hing House of 

. S., 2011 
United States. 
andbook, 640. 

 



COST Action

 

Session 4 
 

Therm

 
Institut Pasca

Keywords: W
 
Wood, with i
These observ
calculation th
[1,10] provid
to-member co
The aim of th
optimize the c
high temperat
water vapor [
helps to slow 
This explorat
bolts) in a 
connections i
curve (Fig.2)
phenomenon 
through a nu
experimental 

Figur

References: 
1. EN

Stru

n FP0904 Confere
treated wood 

mo-Hydric 

Abdoul
Philippe A

al, Université B

Wood, steel-to-t

its vision of co
vations remain
he requirement
e numerical pro
onnections but t
his study is to d
calculation met
ture ( >90°C) , 
[8,9,11]. During
down the comb

tion is dedicate
fire exposure. 

in an oven with
). The propos
of the thermo

umerical value
observations. 

re 1. Oven with

N 1995-1-2: 200
uctural fire desi

ence"Evaluation, 
behaviour by exp

A

behaviour 
connecti

aye SAMAKE
AUDEBERT, M

laise Pascal, Po
6317

mustapha.ta

timber connecti

ombustible mat
n ideas becaus
ts of fire resist
ocedures to det
tend to be very 
develop numeri
thods and reduc
the moisture co

g this hydric tra
bustion of timb
d to the study o

The study w
h gas burner (Fi
sed numerical 
odynamics pha
e pic of speci

 
h gas burner. 

04, Eurocode 5
ign. CEN TC 2

processing and p
perimental and nu
April 9-11, 2013, 

113 

of dowelled
ions expose

 
E, Patricio PAL
Maxime AUDE

olytech’Clermo
74 AUBIERE, F
aazount@univ-b

 
ions, fire expos

terial, is underu
se current Str
tance ensuring 
ermine the fire 
conservative in
cal FEM mode
ce the cost of te
ontent moves in
ansformation an

ber.  
of heat transfer

was performed 
ig.1) under the 
model is bas

ase change of t
ific heat coeff

 

 

5. Design of ti
50-SC5, 2004 

predicting of THM
umerical methods
PPIMC, Romani

d and bolte
ed to fire 

LMILI, Mustap
EBERT, Abdel

ont-Ferrand, 24 
France  
bpclermont.fr 

ure, numerical 

used in the fie
ructural Fire D
the evacuation
resistance of m

n some cases [2
l supported by 

ests [4,5,6,7,8]. 
n its internal vo
n endothermic 

r in steel-to-tim
experimentall

action of an IS
sed on finite 
the water cont

ficient which v

Figure 2.

imber structure

M 
s" 
ia 

ed steel-to-t

pha TAAZOU
lhamid BOUC

avenue des Lan

modelling 

ld of the civil 
Design Standa
n of people. Th
member-to-mem
2,3]. 

experimental o
Indeed, when t

olume and turns
chemical reacti

mber connection
ly by testing 
SO 834 fire tem
element mode

tained is taken
value was adju

burned specime

es. Part 1-2: G

 

timber 

UNT,  
HAÏR 

ndais, BP 206, 

constructions. 
ards allow by 
he EuroCodes 

mber and steel-

observations to 
imber burns at 

s into saturated 
ion occurs and 

ns (dowels and 
specimens of 

mperature-time 
eling and the 
n into account 
usted through 

 
en 

General rules - 



 

2. J. K
of E
sym

3. J. K
test
bui

4. D. D
boi

5. N. A
dou

6. K. L
exp
CST

7. M. 
d’a
Pas

8. M. 
9. M. 

201
10. EN

Stru
11. M. 

beh
Urb

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

König, M. Font
Eurocode 5, A. 

mposium, RILEM
König, Calcula
ting, Internatio
ldings, 27-29, 2
Dhima, Vérific
s, Saint Remy l
Ayme, D. Joyeu
uble cisaillemen
Laplanche, Etu

périmentale et m
TB, France, 140

Audebert, A
ssemblages boi

scal Clermont-F
Audebert, D. D
Audebert, D. D

12.02.010, 2012
N 1993-1-2: 200

uctural fire desi
Audebert, A. 

haviour of timbe
ban Habitat Co

COST Action F

tana, The perfo
Aicher, H.W. R

M publications,
ations vs. fire t
onal symposium
2004 
ation expérimen
les Chevreuses:
ux, Comportem
nt, Rapport SRI
ude du comporte
modélisation, P
0p, 2006 

Approche expé
is sous différen

Ferrand et CSTB
Dhima, M. Taaz
Dhima, M. Taaz
2 
05, Eurocode 3
ign. CEN/TC 2

Bouchaïr, M.
er connections 

onstructions Un

FP0904 Conferen
treated wood be

114 

ormance of timb
Reinhardt, edito
, 639-648, 2001
testing – limita

m on advanced 

ntale de la résis
: CTICM, 61p. 

ment au feu d’as
I-03/121-NA/PB
ement au feu de
PhD Thesis, Un

érimentale et 
nts types de so
B, France, 233p
zount, A. Bouch
zount, A. Bouc

3: Design of s
50/SC3, 2005 
 Taazount, D.
in fire, Proceed
der Catastroph

ce"Evaluation, pr
ehaviour by exper

Ap

ber connections
ors. Proceeding
1 
ations of Euroc
timber and tim

stance au feu de
1999 

ssemblages bois
B n°030156, CT
es assemblages 
niversité Blaise

modélisation 
ollicitations, Ph
p, 2010 
haïr, Eng. Struc
chaïr, Eng. Stru

teel structures 

 Dhima, Ther
dings of the CO
hic Events, Napl

rocessing and pre
rimental and num

pril 9-11, 2013, PP

s in fire-test res
gs of the interna

code 5 and the
mber-composite

es assemblages 

s. Assemblages
TICM, 62p. 200

de structures b
e Pascal Clermo

du comportem
hD Thesis, Uni

ct. 33, 3257-326
uct. doi: 10.101

– Part 1-2: G

rmal and therm
OST Action C26
les, 189-194, 20

edicting of THM 
merical methods" 
PIMC, Romania 

sults and rules 
ational RILEM 

e need of fire 
e elements for 

d’éléments en 

s bois-métal en 
03 
bois: Approche 
ont-Ferrand et 

ment au feu 
iversité Blaise 

68, 2011 
6/j.engstructu. 

eneral rules – 

mo-mechanical 
6 Conference – 
010 



 
 
 
 
 
 
 
 
 
 
 
 

Author index 
 
 
 
 
 
 
 
 
 



 

A 
Ala-Viikairi
Allegretti O
Altgen M. 
von Arx U. 
Audebert M
Audebert Ph
 
B 
Bak M. 
Bedelean I.-
Behr G. 
Blomqvist L
Botsis J. 
Bouchaïr A.
Bremaud I. 
 
C 
Candelier K
Cetera P. 
Clauder L. 
Cointe A. 
Csordós D. 
Cuccui I. 
Cugnoni J. 
 
D 
Danis M. 
Derome D. 
Destrebecq J
Dubois F. 
Dumarçay S
 
E 
Elaieb M. 
Elbez G. 
Evstatiev C.
 
F 
Ferrari S. 
Fournely E. 
Froidevaux 
 
 
 

 

i J. 
. 

M. 
h. 

-B. 

L. 

. 

K. 

J.-F. 

S. 

. 

J. 

COST Action F

81 
51, 95 
81 
55 
113 
113 
 
 
45 
79 
107 
53, 93 
49 
113 
61 
 
 
21, 63 
95 
73, 105 
109 
45 
51 
49 
 
 
109 
15 
29, 65, 83
29, 83 
21, 63 
 
 
63 
109 
111 
 
 
51, 89, 95
83 
31, 65, 71
 

FP0904 Conferen
treated wood be

116 

G 
Garc
Géra
Goriš
Gril J
Guen
 
H 
Halle
Harti
Hass 
Heidu
Hill C
Hizir
Hugh
Hukk
Hum
 
J
Johan
Jones
 
K
Källb
Kamk
Keati
Kege
Klari
Kons

3 Kriče
Kutn
 
 
L 
Laine
Lava
Lehm
Lisa 
Loren

5 Lykid
 

1  
 

ce"Evaluation, pr
ehaviour by exper

Ap

ia Perez A. 
rdin Ph. 
šek Ž. 
J. 
nther E. 

er P. 
ig J. 
Ph. 

uschke A. 
C. 
roglu S. 
hes M. 
ka A. 

mar M. 

nsson J. 
s D. 

bom S. 
ke F. A. 
ing B. 
el E. 
ić M. 
stantakos P. 
ej B. 

nar A. 

e K. 
alette A. 
mann E. 
G. 
nz T. 
dis C. 

rocessing and pre
rimental and num

pril 9-11, 2013, PP

 
77 
21, 
99, 
31, 
57 
 
 
57, 
91 
55 
57 
43 
77 
41, 
81 
87 
 
 
53, 
33, 
 
 
33 
87, 
27 
59 
99 
39 
41 
19, 
103
 
 
41, 
109
25 
71 
55 
39 
 
 
 

edicting of THM 
merical methods" 
PIMC, Romania 

63 
101 
35 

91 

43, 89, 97 

93 
59 

103, 107 

41, 61, 87,  
3, 107 

43, 97 
9 



COST Action

 

M 
Maldonado 
Mannes D. 
Manthy C. 
Marra M. 
Medved S. 
Mihailova J
Militz H. 
Moretti N. 
Moser R. 
Moutou Pitt
Muzamal M
 
N 
Navi P. 
Németh R. 
Niemz P. 
Nistor M.-T
 
P 
Palmili P. 
Patachia S. F
Pauliny D. 
Pavlič M. 
Pellerano A
Perre P. 
Pervan S. 
Petrič M. 
Pétrissans A
Pétrissans M
Pfriem A. 
Pichelin F. 
Pizzi A. 
Placencia Pe
Pommier R.
Popescu C.-
Popescu M.-
Prekrat S. 
 
R 
Ramsay J. 
Rasmuson A
Rautkari L. 
 
 

n FP0904 Confere
treated wood b

B. 

. 

ti R. 
M. 

T. 

F. 

. 

A. 
M. 

eña M. I. 
 

-M. 
-C. 

A. 

ence"Evaluation, 
behaviour by exp

A

 
77 
25 
57 
51 
41 
111 
17, 81, 10
95 
55 
29, 65, 83
37 
 
 
31, 49, 65
45 
55 
75 
 
 
113 
75 
85 
41 
95 
35 
99, 101 
41 
21 
21, 63 
73, 105 
55, 67 
67 
67 
109 
13, 27, 67
13, 71 
99 
 
 
43 
37 
41, 43, 89
 

processing and p
perimental and nu
April 9-11, 2013, 

117 

Rhêm
Ridle
Rigg
Rupo
 
S 
Saifo

07 Salca
Sama
Sand

3 Sand
Sand
Sand
Santo

5, 71 Savo
Sege
Serne
Sond
Sova
Straž
 
T 
Taaz
Tetri 
Toda
Tolva
Tsali
 
U 
Ugov
 
V 
Vasil
Volk
 

7, 71 W 
Wålin
Wehs
Wern
Widm
Wille
 

9, 97 Z 
Zand

predicting of THM
umerical methods
PPIMC, Romani

me M. 
ey-Ellis D. 
io M. P. 

onen J. 

ouni O. 
a E.-A. 
aké A. 

dak A. 
dak J. 
dberg D. 
du V. 
oni I. 

ov V. 
rholm K. 
ek M. 

deregger W. 
a D. 
že A. 

ount M. 
T. 

aro L. 
aj L. 
ikis S. 

všek A. 

le C. 
kmer T. 

nder M. 
sener J. 
ner T.-E. 
mann R. 
ems W. 

der M. 

M 
s" 
ia 

49, 
27 
85 
89 
 
 
29, 
77 
113
85, 
85, 
53, 
79 
85 
111
33 
103
25 
79 
99, 
 
 
113
81 
51, 
45 
39 
 
 
103
 
 
75 
55 

 
33 
91 
91 
61 
17 
 
 
105

 

89 

65 

3 
101 
101 
93 

1 

3 

101 

3 

95 

3 

5 


	1 Page 1
	2 preface
	3 conference organization
	4 scientific program
	5 Abstract page
	6 Keynotes page
	7 Keynotes
	8 Oral page
	9 oral
	9-10 short oral page
	9-11 short oral
	9-12 poster page
	9-13 poster
	9-14 author index



