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Mechanical properties depend on the temperature and the moisture content.
Varying moisture induces internal stresses = may cause the crack propagation.
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¢ Linear Elastic Fracture Mechanics equivalent
** R-curve and Cohesive Zone Model (CZM)

¢ Integration of rapid variation of MC in CZM
“* Our model and results

¢+ Conclusions and perspectives



Linear Elastic Fracture Mechanics equivalent 4

O The crack length monitoring during its growth is very difficult to be accurately
performed on wood.

0 Due to the presence of FPZ at the crack tip, LEFM cannot be directly applied to
estimate the fracture energy = ’equivalent LEFM’ is usually applied on the quasi-
brittle fracture and provides useful approximations (Bazant and Planas (1998); Morel et al

(2005)).
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Linear Elastic Fracture Mechanics equivalent 5?3;

O The crack length monitoring during its growth is very difficult to be accurately
performed on wood.

1 Due to the presence of FPZ at the crack tip, LEFM cannot be directly applied to
estimate the fracture energy = ’equivalent LEFM’ is usually applied on the quasi-
brittle fracture and provides useful approximations (Bazant and Planas (1998); Morel et al

(2005)).
¢ Development of FPZ
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R-curve determination
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Cohesive Zone Model (CZM) (7

o(W) &=
6= Gyt G5 G )
f
t Gy= (1 -_g_ib)(}f
microcrack
i Gy,
: crack bridging
€ i w
_ 0 g 0 W
, ELASTIC BILINEAR SOFTENING CURVE
Illustration of the bilinear traction-seperation law (STL) in CZM
G(W) A damage parameter d is used to describe the interface state
Damage initiation (joints):
f (d=0) q= Waft — We0qy
f - — - =

Wa fe
The opening stress is related to the opening displacement w :

Damage oc=K,w if w<wg
04+ (0<d<l) ~ o={0-d)K,w ifw,<w<w,
oc=0 if w=>w,

Final failure *“
(d=1)

‘ | W4 is the maximum separation for the interface
0 We Wd W, w element over the entire loading history.




Parameter identification of CZM
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Results : R-curve and parameters of CZM 16
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Remarks :
v Fracture properties (R-curve, parameters of CZM) depend on the moisture.
V' Gge leon increase with the increasing of MC.
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Moisture diffusion in wood \18)

= The second Fick’s law for diffusion:
. BMC d aMC
ot ax
»  D%,.(MC) = Dg.e¥oMC with o € (L,R,T).
See Dubois et al. (2006, 2009, 2011, 2014)

* [n this study, MC, ... (the equilibrium moisture) 1s changed to
simulate the variation of relative humidity (RH).



Integratlon of rapid variation of MC in CZM

SESSSEssssssssss|le~0 o(w) .
‘ ~ A Damage initiation 0' = K w lf w < W,

Jomt clcmcnt N— £ (d=0)

oo |Wc t T~~~ - qo=[0-d)K,w ifw,<w<w,

o(x) | leon (FPZ) ;
I@ ___‘ Ko Damage
| L x % i ke L _ Wafe = weq

MC ‘ Mcsurfa ce T (,l -d)Ko Final failure Wa ft
MC ™ =1

FPZ | 0 =

7 . X We W4 WC w

= The RH variation 1s rapid and has only a direct impact on fibers in the FPZ which is
assumed to be linear.
* In the FE code, during the time increment At , the crack opening W 1s considered

constant and the fictive stress GEH 1s written as :

Eof (MCnyi;
0?{+1= W= M(l dw

)
Aoy, = 0,,1 — On

withw, sw=<w,

= Ag, is converted into the external mechanical nodal force increment along the

cohesive zone during At , translating incorporating the mechanical response history and
the MC.



Moisture diffusion with crack growth algorithm

Start
<€
Mechanical field: oy, €, )
At time: t, Hydro-thermal field: MC,, T,
Variable internal (CZM): wy, dy, a5 (tn), asp(tn_1))
YES \L Projection of hydro-

<—Usf (tn) > Asr (th-1) g thermal field

Mesh without Mesh with
joint elements  joint elemenf/S[Hydro—thermal held Mo Tn]

[ Remesh with ag (tn)] _ Gy N J
Projection of hydro- NO _ FPZ - l ( ]
thermal field " | 1/,:(| Use asf(ty) to calculate MCyppy)

! " VIX eqsurface \l/

[Hydro—thermalfield e Tn}

MC.p,

’ (External hydro-thermal condition :
MCsurface M+ 1), Thyq

J
Influence of MC on |
cohesive interface
External ] J
loading: f+1 |Additional stress Aoy, j<——

{Hydro—thermal properties :J
Dn+1 (L)TrR)) Kn+1

Elastic properties : )
Young's Modulus (MC,,)

[Limit condition (boundary)] [

[ External hydro-thermal condition:

MCsurface (Tl + 1)) Tn+1 \l/
Resolve NON-LINEAR problem
Run hydro-thermal routine (Cohesive Zone Model)
hermal fiel At time: t, 41

thiq = t, + At

End



Our models

Cast3m 2013
version Développeur

My computer » OS (C:) » Cast3M » PCW_13 » bin

& CSV

). EPS

| ESOPE

| . PROCEDUR

# ' bin_Cast3M_Win_32_13.exe

# | bin_Cast3M_Win_64_13.exe

# | bin_esope_Win_32_13.exe
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[7l ' cast_64_13.exe \
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& varint.eso
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C NOMATE

SOURCE

BR232186

IMPLICIT INTEGER(I-N)

IMPLICIT REAL*"

(A-H,0-7)

12/08/01
SUBROUTINE NOMATE (FORMOD,NFOR,MATMOD,NMAT ,CMATE, IMATE, INATU)
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,';] sau_fl.eso 252
2SS
254 c
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continue
endif

. continue

if (INPLAS.GE.]

modele b
if (INPLAS.EQ.

modele

modele
if (INPLAS.EQ

modele

©1) THEN

I2M GCE KELVIN VOIGT
©6l1l) go to 461

I2M_GCE_MECANOSORPTION
if (INPLAS.EQ.162) go to 462
I2M GCE MAXWELL

63) go to 463

I2M GCE COHESIF

if (INPLAS.EQ.164) go to 464

modele

I2M GCE_COHESIF _
if (INPLAS.EQ.1

»5) go to

VISCOELASTIC

else
go to
end if

université U
“BORDEAUX

OIS
1>21VI1

RORDFAIIX



Comparison with JOINT-SOF T model 22
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* Les parametres pour le matériaux *

kkkktxtxtddkkdkhrrkrxrtdTxdrkhkrdxrhkrdrkrkdThkdrdxhkxktxdTdkhkrkrhxxrxrtdrrdrhkhkkxrxxrxrtrx*rhxxx*x

*

E ke o JOINT SOE‘T E o o o o o o e o o o o i o o e e i o

MO JOIN = MODL INTERFAC MECANIQUE ELASTIQUE PLASTIQUE JOINT=-SOFT model
' JOINT SOFT' JOI4;

MA JOIN = MATE MO JOIN 'KS' (mTDCB.'KS join') 'KN' (mTDCB.'KN join')

'SJTB' (MTDCB. 'EVOL Trac Ouv') 'SJCB' COMP_FER 'SJSB' CISa_GLI;

MATE notice (http://mwww-cast3m.cea.fr/index.php?page=notices&notice=MATE)

670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686

Modele JOINT SOFT

Il s'agit d'un modele de joint avec un critere de Mohr-Coulomb
et avec adoucissement en traction et cisaillement. L'ecoulement se
fait sans dilatance.

'PNOR'
‘SJTh '

'SJCB'

'SJSB'

'BETA'
'CPLG'

: Position de la pointe (hypothetique) du cone

: Relation contrainte normale - ouverture du joint en traction
(type EVOLUTION - Valeur positive pour la traction)

: Relation contrainte normale - fermeture du joint en traction
(type EVOLUTION - Valeur positive pour la traction)

: Relation contrainte de cisaillement - glissement en cisaillement

pour une contrainte normale nulle (Type EVOLUTION)
: Parametre controlant la decharge en cisaillement
: Definition des couplages



Comparison with JOINT-SOFT model
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* Les parametres pour le matériaux *

kbt tEttTEtEEExtdttEttktT itttk EEEEEE®

*

E ke o JOINT SOE‘T E o o e o o o o o e o o i o o o e R e o i o

MO JOIN = MODL INTERFAC MECANIQUE ELASTIQUE PLASTIQUE
'JOINT SOFT' JOI4;

MA JOIN = MATE MO JOIN 'KS' (mTDCB.'KS join') 'KN' (mTDCB.'KN join')
'SJTB' (MTDCB. 'EVOL Trac Ouv') 'SJCB' COMP_FER 'SJSB' CISa GLI;

*kxk %%k JOINT COHESIVE E o e

MO JOIN = MODL INTERFAC MECANIQUE ELASTIQUE PLASTIQUE

'I2M GCE_COHESIF VISCOELASTIC' JOI4;

MA JOIN = MATE MO JOIN 'KS’' (mTDCB.'KS join') 'KN' (mTDCB.'KN join')
'STL' (WMTDCB. 'EVOL Trac Ouv') 'MC i' 0.15 'MC s' 0.13;

*

E e o BOIS: VISCO_ELASTIC ORTHOTROPE E e o o o o e o i e o S e e e o o e o o
*

SI mTDCB. ‘Bois viscoelastique';

MOBOIS = MODE VOLTOTAL MECANIQUE ELASTIQUE ORTHOTROPE

"FLUAGE' 'I2M GCE _KELVIN VOIGT';

MABOIS = VIS_BOIS mTDCB MOBOIS;

SINON;

MOBOIS = MODE VOLTOTAL MECANIQUE ELASTIQUE ORTHOTROPE;
MABOIS = MAT BOIS mTDCB MOBOIS;

FINSI;

JOINT-SOFT model

Our CZM model

3 parameters
Updated in
PERSOI1, PASAPAS



Results : Evolution of the moisture content (24)
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Results : moisture diffusion + crack growth 2
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Results : Moisture diffusion + crack growth (31)
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 In the wetting process while the imposed displacement i1s constant (phase 2), the stiffness
decreases leading to reduced stress in the cohesive zone. The crack tends to be closed and the
applied force tends to increase (crack does not further develop).

e All phenomena are converse in case of the drying phases.

*  Phase 3 is continued with the increasing imposed displacement and constant moisture. We
observe a continuity of the mechanical response which takes into account all previous changes.
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* In this research, a new model, which integrates MC influences on the
cohesive zone, 1s proposed and implanted in Cast3m.

* In further studies, this model will be analyzed with the moisture
diffusion inside the whole specimen which results in viscoelasticity
variation.
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