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«It will not be too pessimistic to state that walshot learn to know the wood ultrastructure

truths before 2050 or perhaps 3000. Anyhow it istif@scinating science to deal with .»
A. Bjorkman “Wood Sciencel1920-2003-?"
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. Nature that created wood as ultramicroscopic cleraprompted to
mankind to produce diverse modern artificial matlsrranging from reinforced
concrete to nanocomposites. Further studies of wamgstructure discover new
possibilities of biomimetic approach to creatioreffective materials.

. Material scientists predict a prominent role dfferal smart materials in
future. This term designates material which usefudlacts to the changes in
environmental parameters.

. One of the main features of smart materials shape-memory effect».
It means that these materials after forced chahd¢fee form are able to restore
their initial form when original physical condih is recovered.

. Metallic shape memory alloys were synthesized fttst. Later were
created ceramics and polymers with the same @xoper

. We find a very broad spectrum of smart materagdplications from

deployable space structures to self-repairing aadgdies, switches, sensors,
kitchen utensils, tools up to minimally Iinvasivergery and implants in

biomedicine. 3



Examples of Topical Problems for Artificial Smat Materials

(IIpuMepbI AKTYaIbHBIX MP00.J1eM IJIsl HCKYCCTBEHHBIX YMHBIX MATEPHAJIOB)

. fiber-reinforced elastic memory composites
(Abrahamson et al. 2002)

. problems of behaviour of the shape memory polymers
(Lendlein and Kelch 2002)

. Internal stress induced by constrained expansion of
memory polymer nanocomposites (Gall et al. 2004)

. model development for shape memory polymers
(Siskind et al. 2008)



Examples of Wood Useful Properties under

External Influence
(IIpuMepsbI M0JIe3HBbIX CBOMCTB APEeBECHHDI, MPOSIBJISIOIIAXCS

MPH BHEIIHUX BO3AeHCTBUSIX)

e Hygroscopicity of wood gives possibility to use as a sensor of surrounding air
humidity.

« Wood constructions of buildings regulate, in sodegree, the air humidity in living
premises, by drying or humidifying of the air abalging weather.

« Swelling of wood tightens joints in articles andustures.

 Pit props of pine and spruce wood emit cracklingiolh warns of coming mine
destruction.

« Acoustic emission is used for monitoring of lumk&ess state at drying.
e Sonorous ability of wood reveals itself in musicedtruments.

» Piezoelectric properties of wood permit to creatmdestructive methods of strength
testing.

 Et cetera.



Wood Possesses «Memory Effect»Hie Dominant
Feature of Smart Materials

(IpeBecuHa 00/1a7aeT JOMUHAHTHBIM MPU3HAKOM YMHBIX
MaTepuaaoB — «d¢deKToM maMsITH» )

The notion «memory of wood» was Introduced by usthat
beginning of the 1980s. Previously some researchers
(T. Takemura (1973) et al.) had used the analogoun fer
Indication of purely temporal phenomena. In  ousec#his Is a
metaphor which reflects the ability of wood to redo the

restoration of Initial physical state determined by moisture
content and temperature.

«Wood memory effect» Is based on quazi-residual «fzen»
strains (FS)

They were experimentally discovered by us at camstd

shrinkage of wood in the early 1960s. .



Integral Law of Wood Straining at Drying and Wetting

(O01mii 3axoH 1e)opMHUPOBAHNSI APEBECHHBI MPH CYIIKE M YBJIAKHEHNH )
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Here: ¢ — strain
S — coefficient of shrinkage

WE=AW — moisture content decrease from limit saturationedfwall (FSP)
a— coefficient of swelling

o — stress

E — stiffness modulus

T — temperature decrease from 100°C

W(z),T(z) and J(7) are functions of time

H, and H, are Havisade s functions accordingly for drying armdting



Strain (¢) — Time (r) Relation of Wood
at Constant Moisture Content

(3aBucumMocTh AedopManuii(€) ApeBeCHHbI OT BpeMeHH (T)
IPH NOCTOSTHHOM BJIAKHOCTH)

& o=const

Here e, — elastic strain;e, — viscous straing,,, — elastic- viscous strain;
g, — Creepc — stress



Changes of Wood Hygromechanical Strains

(M3MeHeHHsI TUTPOMEXaHUYECKHX e opMaluii JpeBeCHHbI)

Here:o — stressg — strain;Aw — drop of moisture content.
1- wet wood (w > 30%)
2 — dry wood



Changes of Strains, Stresses and Moisture
Contentw in Time 7z of Experiment

(M3menenusi nedopmanuii &, HANPSIZKEHUI ¢ ¥ BJIAKHOCTH \W BO BpeMEHH T)

20 a0 &0 BD 100 120 = h
1 — wet wood

2 — dry wood 0



Scheme of Forming of Frozen Elastic-Viscous
Strain at Wood Drying

(Cxema oOpa3zoBaHusl 3aMOPOKEHHBIX YIIPYT0-3J1aCTHYECKHX
nedopmanuii ApeBeCHHbI IPH CYIIKe)

&= Eay1— Cov2

Frozen strainsare the result of temporary reconstruction of
wood nanostructure under the control load influenceat
Increasing wood stiffness processes of drying or @mg
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Contribution of Frozen Strains to StressStrain
State of Wood at Drying

(Bkaag 3aMopoO:KeHHBIX aedopManuii B HANPSKeHHO-1e(OPpMHUPOBaAHHOE
COCTOSIHHE IPeBECHHBI MPH CYIIKeE )

The FS as a part of set-strain are the
main reason for the forming of dried
lumber casehardening

E.= & T &
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Frozen Strains Were Taken into Account at the
Drying Stress Calculation

(3amopo:keHblie fedopManun ObLJIM YUTEHBI IPH Pa3padoTKe MeToAA
pacyera CYIIMJIbHBIX HANPSIZKEHHUI )

Step-by-step method for multy-sliced model of dgyinmber

gl =og]” +ﬂEj{AWij _ZEjAWij /(Z Ejﬂ
i=1 i=1

Here: o — stress
S — coefficient of shrinkage
E — stiffness modulus
E = O,5(EJ + E"ljj — average stiffness modulus
Aw— moisture contents drop from limit of cell wall gedtion (FSP)
| — step number
| — slice number
n — quantity of slices
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Lumber Drying Schedules and Product Quality

(PeskmMBI CYIIKH MAJIOMATEPHATIOB H KAa4eCTBO MPOAYKIIMH)

Lumber drying Product quality
schedules parameters parameters
e femperature e moisture content
e humidity e moisture content gradient

e time e stress
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Slicing technique for
deformation measuring

Qualitative evaluation
of drying stresses

E.Peck

11929,1940)

[.Mc. Millen
(1955)

H.Tiemann (1917)

Method
of stress measuring

.,/|
\:/ ‘ B.N.Ugolev

mwwm

(1952)




Method of Lumber Drying Stresses Monitoring by
Differential Shrinkage (DS)

(MeToa KOHTPOJIsI CYIIMJIbHBIX HANPSIZKEHUI B MUJI0OMAaTepHaIax
no auddepeHIIHATBHON Yycaake)
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Scheme of Wood Deformative Conversions at Heating

(Cxema nepopManiHOHHBIX NPEeBPANleHUIi IpeBeCHHBI IPH HATPEBAHUMN )

o

Ey,—const

Here: © = 100° -t — drop of temperature
or = Et(ey—&f) at e, = const €ase a
o, = Et(e=¢) at ¢’ = const ¢ase )
E, —modulus of elasticity
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Wood «Stress Memory Effect» at Heating

(«9ddekT cnI0BOI MAMATH APEeBECHHbI IPH HATPEBAHUMN )

loaded wood and constant unloaded wood and constant

total strain frozen strain
0-, Mpa O-’ MPa N
0,6 | 1,2 -
0,4 0,8 |
0,2 | 0,4
0O l .
0 - | 0
20 40 60 t °C
a
Pinus sibiricaDu Tour, compression, Quercus robul., tension ,
tangential direction across the grain, radial direction across the grain,
£,=0,009 €'=0,007
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Change of the Form of Ash Veneer and

«Strain Memory Effect»

(U3menenne GopMbI SICEHEBOI0 IMOHA H <3P PeKT
nehopManMOHHON MaMSTH IPeBeCHHbI)

a) original state b) under load c) after cooling
(heated wood)

b W, AW,

d) after unloading  e) after heating
( «frozen strains»)

/ -
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The Scheme of the Wood Specimen Loading

(Cxema HArpy:keHHsi 00pa3ia JpeBeCHHDbI)
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«Strain Memory Effect» at Heating of Previously Loacdkd
(Tension — Compression) and then Unloaded Wood

(«9ddexT nedopManHOHHON MAMATH NPH HATPEBAHUM NMPEABAPUTEIbHO
HArpy:KeHHOo# (pacTskeHHe — C;KaTHe) M 3aTeM Pa3rpyKeHHOH IpPeBeCHHbI)
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Contribution of Hygrofrozen Strains (HFS) and Thermofrozen
Strains (TFS) in Complex Rrozen Strains (CFS)

(Bkaaa rurpo3amopo:xeHHbIX Aedopmanuii (HFS) u Tepmo3zamoposkeHHBIX
nedopmanmii (TFS) B KoMIIeKcHbIE 3aMopo:keHHbIe aedopmanuu (CFS))

Complex frozen strain (CFS)

Wood drying and cooling under load
consecutive simultaneous

e

TFS

HFS
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Using Hygro-Thermofrozen Strains to Remove
Veneer Waviness

(Mcnosib30BaHie THTPO-TEPMO3aAMOPOKEHHBIX e opManuid 115
yCTPaHEeHHsI BOJHHCTOCTH IITOHA)

Width of specimen, mm

1 — original state, 2 — after cooling and dryingadded specimen.
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Wood Stress-Strain Behavior of the Surface Zone @&f Board at
Drying and Conditioning Moisture-Heat Treatment

(HanpsizkeHHO-1eOpMHPOBAHHOE COCTOSIHHE MOBEPXHOCTHOI
30HbI JOCKHM IPH CYHIKEe U KOHAMIMOHUPYOLIEH
BJIATr0-TEIJI000PadoTKeE)

+0
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Absorption, arb.un.

2000 2500 3000 3500 4000

-1
Wavenumbers, cm

- - - - after free drying
—  after constraind shrinrage 2s



Experimental Device

(IKcmepuMeHTAJILHAS YCTAHOBKA)
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Scheme of Wood Deforming at Constant Load,
Drying and Unloading

(Cxema nedpopMupoBaHHsi ApeBeCHHBI IPH MOCTOSTHHON HAarpy3Ke,
CYIIIKe H pa3rpy3ke )
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Here 0-1- tension of wet wood
1-2— drying of loaded wood
2-3-4—unloading and time exposure of dry wood
sectiong0-4 — «reduced shrinkag»
4-5 — frozen elastic-viscous strai
5-6 — creeps
4-6 — quasi-residual set-strais
6-7 — « frozen shrinkagg3f
0-7 — free shrinkagp



0 0,2 0,4 0,6 0,8 1 1,2 14 O, MPa

1-Fraxinus excelsiot., t = 80 °C (our date)
2—Fagus orientalist = 20°C (by N.Chulitsky) 28



Detection of «Frozen Strain» and «Frozen Shrinkage»
at Drying Fastened Specimen

(Onpenenenune «3aMoOpoKeHHOI AedopMannu» U «3aMOPOKEeHHOMH
YCYIIKH» MPH CYIIKe 3aKPeNnjeHHOro oopa3mna)
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Drying Stress Calculation Equation with Reducing
Shrinkage Coefficient

(YpaBHeHHe /5 pacyeTa CYIIHJIbLHBIX HANIPSIKEHHUI ¢
yMeHbIIAKIUMCcsS: K03G¢GUIHEeHTOM YCYIIKH)

g = Zn: K, (0) LAw E; (w, 1)

Here K, — coefficient of shrinkage
Aw — moisture content drop from limit saturation ofl wedll (FSP)
o — stress
E — stiffness modulus
t — temperature decrease from 100 °C
W — moisture content
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— number of sorption—desorption cycles: MC frontd20 %
Picea abiegangential direction across the grain




Wood Deformative Conversions at Change of Moisture

(depopManimoHHbIE IPEBPANIEHUS APEBECHHBI IPH HU3MEHEHUHN

and/or Content or Temperature

BJAKHOCTH H/MJIM TeMIlepaTyphl)

Free hygro-
(&,)and
thermo-

( &) straing

Hygromechanical { £,,,, } and thermomechanical ( £, ) strains

wetting
wetloaded &£,
heating
thermoloaded &,

wet-thermoloaded

gw fi

Before At loading
loading
(a) change | (b) constant | (c) single change (d) =single (e) cyclical (f) cyclical
moisture worf Wwoort simultaneous change v or / simultaneous
content (11') change v and f change w and ¢
or
temperature
(1)
Rygroscopic: | elastic &, | elastic £, elastic &, elastic &, elastic &,
swelling
shrinkage viscous £, | viscous &, viscous £, viscous £, viscous &£,
temperafive:

o _ creep £, creep &, creep £, creep £, creep &,
expansion _ _ _
contraction drying drying and cooling hyerofatigue hygro-

S . hyero-thermofrozen - thermofatigue
hygrofrozen & » e Eur =
cooling Ehes thermofatigue Ener
thermofrozen &, wetting and heating Em

At unloading

elastic &,
viscous &,

residual &£,

elastic &,
viscous &,

set £,

elastic &,
viscous &,

set £,

elastic &£,
viscous &£,

set Epp. Sy

elastic &,
viscous &,p

sl &
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Wood Strains at Drying or Wetting

(dedopmanum ApeBeCHHBI IPU CYIIKE WM YBJIAKHEHNH )

a =K (F, - 7,)

n
= 5t - at tension
K & I E a

hvero mechamcal hygromechamecal
Before loadmg At loading
free slumnkage elastic &, Drying Wetting
— (W — VISCOUS & - -
8= (W -W,) ereep & Y Shrinkage of loaded Swellmg of loaded wood
W= W ‘ wood (constrain fo Rt .
W< W plastic = 00 (oLt a'= K (W, —W,). here
7 fip shimkage) N
' ¢y = 5 - at tension
= KL(W, —W,), K
free swellmg # AL el ? *
i rae

w
f{‘; = j{‘; — at compression

o, o
FK'a =K
g - wetloaded elastic-

Wl

Vviscous stram

COMPIession
n v £,, - wet-creep stram
K'y<K a
£, &8
2] [
Eyp - wet-plastic stram
By~ Epy
At unloading

elastic =,
VISCOUS &,

creep &
plastic &,

resicual
g =g t+&y

at tension
reduced shrinkage
{(hypo-shrnkage)

n

ﬁ:|:{ ﬁ

at compression
hyper-shimkage

B> £

at tension
hyper-swellmg

o
a* o

at conyression
hypo-swellmg
w

a*= o

trozen slomkage 5=

F-B~e&

frozen elastic-viscous stram & = £ — £av2= &
set stram  g; =g+ 5 =g+ 5
total frozen stram  ep =g +& +fr
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Classification gives an opportunity to considead a
peculiar Mendeleev's table and detect “blank Splatg out
research programs. Further research of deformative
conversions will permit to improve wood technolagd
create new smart wood composites.

Thank you for your attention
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