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Where do locked-in strains come from ? How to release locked-in strains?
1. Cell maturation process 1. Elastic part = short-term . 2. Viscous part = long-term viscous strains
— " !ast step of thg genesis of a wood cell viscous strains :
* increase of rigidity : TsT
W * tendancy to shrink along the fibre and expand : 5
—> <« transversally : Hygro-thermal
Vi  deformations are prevented by previously formed : -4
~— layers : Recovery

2. Loading history during tree life o THmE HTR in T and R direction in the literature :
. o . . . O P R f Duration TOC S H
" formation of layers : redistribution of tangential ; ° eterence (min) pectes
\\f%\T/ stresses 005 l Koehler, 1933 1440 89 Pine, birch, oak
PAERP PP e successive disposition of concentric layers 3 ¢ ¢ Mac Lean, 1952 3045 | 99 h'?glfg: 223;?5:??1&:
. - X . — :
»> <« |—> <—|e growth stress depends on radial position = . 9. N ¢ Hardwood Kubler, 1959 150 o Beech
T & ® i Softwood
"R 1‘ 1‘ 1‘ v Vv ¥ ‘1, ‘1, ‘1, T - £ T - he bark - : < Grzeczynsky, 1962 60 100 Beech
LD Y YAY v W = inversion of stress (T: compression near the bark, ] "
old wood Recent wood tension near the plth) 0,15 - - - Yokota and Tarkow, 1962 180 80 Sitka spruce
- Sasaki and Okuyama, 1983 60 100 Sugi
. . . -0,2 Gril et al., 1983 60 90 Jujube tree
> pre-stress level of the wood in the tree depends on the direction

Radial HTR against tangential HTR from literature Radial and tangential HTR conditions from literature

and the age of wood

Experl mental StUdy Heating of green wood involves a complex set of deformation processes : 0.300
Specimen : Hinoki (Chamaecyparis obtusa) reversible deformation 0900 -
_— — standard thermal expansion B
sapwood border x4 mm2 . .
. " 1 b — shrinkage due to a decrease of moisture content when 0,100 R
outer region 4 l lﬁ > 20 temperatu e |ncreases 'g ]
middle region = , ~ > m . . . o o/ . . 'E 0,000 - = T
i region o - irreversible deformation (+0,5% to 1% in T direction) b nner
final sample . . . - ]
) ﬂ, t_ 'J l —> viscoelastic recovery of growth stains generated after T 0,100 - L
angentia ) .
inner ; ' Ta’;gf:r“a' maturation .
a:]?d%rllgal -0,200
= “true” HTR of maturation strain : B
Separating HTR from :
-0,300

reversible
deformation

Corrected HTR strain in R, T and L direction, for 3 radial positions
—>TMA with compression attachement,

Reversible

= slight initial compression stress Reversib extonsion (coaing \ (roversie The results are not consistent with the growth stress profile
(e U|Va|ent tO 5 ) saturation point) progess) HTR-Tangential outer (TO-09) . h . ” d d . h Id
g g A VR 016 1 wich is uselly proposed. In T direction, we expect the older
- sample immersed into water; £ 0051 rneang  making  zepfaing [ . wood (near the pith) to be under tension!
HPS- o rreversible % ’l,,»,===°"‘¢\\ \‘Y «,""::H § :
temperature is increased to 90~95°C extension (HTR) ; S [® 5 2 o a | b |
' ) . ° 4 i = g . ===first heating Stress (T) Stress (T)
during 2 hours, then specimen is cooled g Teo : ——frst coolng (bark)
E Evaa—— i g, %] second heating .
.............. dOWh Reversible —O—Tempf[C] 40 = o —corrected data / tln'le tln'le
. decrease 00 1 > >
. . (reversible S
— dimensions of the sample are process) | oos ] / iy //"\ »
‘ . Y] EESSSS——S— I ’ elling elling
| recorded with an accuracy of 0,01 pum. " 0 ? v ” s a = old wood . .
Experimental device for HTR y P H tme (min) e b= tecent wood time time
Evolution of tangential deformation against Evolution of tangential deformation against
time temperature : total strain, thermal reversible , - , _
strain, corrected irreversible part Growth stress profile for old and recent wood : inversion of stress with the age
of wood
Modeling ic - ical similari
Hypothesis : rheological similarity between
/\ maturation and HTR
[
virgin initial pre-stress
state initial state ToC O = O'1 =...= Oi
80°C cutting E0 E1 % Ei %
- - e —_—_e—_—e——_————————— _-—_——_—e——_————— i g_€1+ooo+8i
step 1: ; 30°C T, T,
| | | maturation | 5 5 '
| | | /., step 2 step 2' !//step3 ‘ Oi — Ei gi — 'xi
>> T<< << e s . R _
T T>> T 1 week 2 weeks 10 years 5 days time
- Ev(Ti) dx. & —X.
R A l
. . =
\ fixed o, (* MPa) Growth Stress d dl_ T
. N—— / Indicator on stem [
step 1: : : 7 .
. maturation step 2 - periphery A
o " after heating : ' ' . In(t;) & In ()
ah el’tf:"cu ng: middle term 1 week "7 weeks " 10 years 'S'Aays ' time pre-stressed model : x; # O for t=0
short term : .
, trai viscous strains
viscous strains €
| | 4 are relaxed A (maturation strain) / g, elastic
are relaxe £, u i |
| | | | | | qulg term a.re ; — / ¢ delayed Work in progress :
still remainin : | | - ' ini '
> py s iy g step1: step2 ' step 2 k (RHT) C.alculatjlon of the strain in each viscous branch
maturation ) X J, step3 - Simulation of a thermal treatment to simulate HTR
\/ / g
< l//r'[: /4/1 //= "
after Cutti ng after heati ng 1 week 2 weeks ! 10 years 5 dayS time

Different steps to simulate the mechanical loading of wood during tree life

This work on HTR is the subject of an application for a DAIKO Fondation fellowship and a
JSPS/CNRS fellowship for a scientific mission at Nagoya University in 2016.
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