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Abstract:

In this paper, an experimental analysis of energlease rate via the J-integral and the optical nsark
tracking methods is presented. In order to evalubhte invariant J, the experimental displacemendée
were measured by the marks tracking method, whéestress and strain fields were calculated ushey t
finite element method. The finite element modgéigerated from the experimental measurements tinstef
sample geometry, loading and boundaries conditidhasreover the experimental displacement fields were
implemented in finite element model. Afterwardg, $tress and strain fields will be calculated via a
constitutive law. The experimental test was carried using a sample made in Douglas fir loaded in
opening mode.
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1 Introduction

To keep the structure timbers integrity, it's imiamt to develop the appropriate tools and modetsder to
evaluate the failure risks and the damage level [[1] [3], [4]. It's known that the crack occurras in
timber elements, can modify the structure behawod lead to structure failure. Among the fracture
parameters allow evaluating the fracture processettergy release rate, is one of them. The advarthg
this method is the possibility to use the mechdniedds distant from the crack tip. The energetic
approaches allowing characterizing the global beinaf media [5], [6], [7], [8]. Moreover the meahiaal
fields are not affected by the crack tip singularit

In this context, we propose to evaluate the eneefgase rate from J-integral approach by coupliveg t
experimental measurements by marks tracking methitda numerical analysis by finite elements method
While, the marks tracking method is used to meathweeadisplacement field evolution in the experina¢nt
test. In parallel, the stress and strain fieldscaleulated using a finite element model generétenh the
experimental measurements by mark tracking methbd.experimental sample is made of Douglas fir and
its geometry is a mix between the single edge n(@€&iN) and wedge splitting (WS) specimens.

2 J-integral
Our approach is based on J-integral. It is assetitd energy release rate, or work per unit oflciaea
development. The theoretical concept of J-integras developed by Cherepanov [9], [10] and Rice,[11]

[12]. Taking into account an arbitrary counter-&atse path around the crack tip, as illustratefigare 1,
the J integral can be expressed in the followimgifo

ds 1)

J:[[W.Q_T.g_uxil.



21 Congrés Francais de Mécanique Bordea 26 au 30 aolt 2013

crack

FIG. 1 — Domain of integration

W is the elastic strain energy density,sTthe traction along the contoirwith beingfi the unit normal of
the contour path.

1
WZE'O'”-'{:‘ij (2)

0; andg; are the stress and strain tensors, respectivelytraction vector is given by:
Ti =0y I’] (3)

By analyzing the analytical forms (1), (2) and @& be observe that the J-integral is expresséerins of
displacement, strain and stress mechanical fighdhis context our propose is to evaluate theldcsgment
fields from the experimental measurements by madcking method and afterwards to evaluated thaenstr
and stress fields from a finite element analysi&eldaon the experimental data.

3 Experimental test

As shown in figure 2, the experimental setup is posed by a Zwick testing machine and a loadingesyst
allowing obtaining a symmetric opening mode. Thadiog system comprises a metallic pyramid,
interdependent with the crossbar of the testinghin@c and two metallic bearings. The test is redliander
displacement control (0.01 mm/s).

1 - Cracked sample with black marks
2 — Loading system

3 - CCD camera

4 — Electromechanical press

FIG. 2 — Experimental setup

The experimental test was performed using a samade in Douglas fir. The geometry and sample
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dimensions are illustrated in figure 4. The craekgth is 80mm and this one is parallel with theingra
orientation (L — direction). The sample moisturatent is fixed at 11% into climatic room.

During the test, the mechanical behavior of themans recorded using two measurement devices. The
global behavior is recorded using a LVDT transduaed a load cell. In parallel, an optical systerhjclv
comprises a CCD camera, is added to measure thelesalaformation by marks tracking method. This
method allows measuring the displacement and taéndields around the crack tip. And then, uses¢he
experimental data to evaluate the fracture paramébeough the energetically approaches by thegiate
invariants.

As shown in figure 3, the principle of the markacking method is based on the comparison between tw
images acquired before and after sample deform§ti®l [14], [15]. The algorithm of method detetk®
local displacement of the marks barycenter;iand % directions.

1 Initial position !
i |
“><— Deformed position

FIG. 3 — Marks tracking method principle

For the experimental measurements, several blacksnage positioned manually on the sample surfade a
loading setup. As can be seen in figure 4, the mark positioned concentrically around the cragkiti
order to definite some integration domaindefined in figure 1.

_— Black marks T .
A

B R(x)

120mm

’10 mm
FIG. 4 — Sample made in Douglas fir with markskiag method

4 Results and discussions

The load-displacement evolution recorded during téwt is plotted in figure 5. The evolution puts in
evidence the linear behavior of sample and thekdeangth invariance during the test.
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FIG. 5 — Load-displacement curve

After fracture opening test, the displacement fiegldhe crack tip vicinity, was calculated by msitkacking
method [15]. One example of displacement field mletd by analyzing the evolution of the black marks
position is illustrated in figure 6. These cartqyris correspond to a loading level of F = 163.4N.

FIG. 6 — Displacement field cartography correspogdit F=163.4N

As mentioned above, the energy release rate ei@lyatia the J-integral, is expressed in terms of
displacement, strain and stress mechanical figlttsle once the displacement field is evaluated pvagpose

to evaluate the strain and stress fields fromitefelement analysis [16], [17], [18], [19].

In the first time, the finite element mesh is geted from the experimental data. In this case,ntlesh
nodes are created using the barycenters of bladksmapplied on the sample surface (see figure 7).

Crack tip

FIG. 7 — Principle of finite element mesh constiacfrom the experimental data

In the second time, in order to define the loadaryd the boundaries conditions, the experimental
displacements measured by mark tracking methoohgoriemented in the finite element analysis. In dase,

the displacement of each mark is assigned to ttregmonding node of finite element mesh.

The elastic properties of constitutive law impleteehin finite element mesh are those given by Gdif20]

(Er = 1370 MPa, E= 15600 MPa, G = 1020 MPa,vir = 0.39. Finally, the strain and stress fields were
calculated from the numerical model. By replacihg tnechanical fields identified by experimental and
numerical approaches into equation (1) the eneelgase rate can be estimated on arbitrary counter-

4



21 Congrés Francais de Mécanique Bordea 26 au 30 aolt 2013

clockwise path defined around the crack tip. Ineortb verify the path independence of J-integretesal
integration domains are chosen, Fig. 8.

FIG. 8 — Integration domain of J

The J-integral values obtained from equation (X e mechanical fields identified by experimeraatl
numerical approaches are resumed in table 1. Thalses correspond to different loading level and to

different integration domain sizes.

Applied J (J/m?)

Force (N) r, M Ms r, Ms Averange cv
126 4.69 4.76 4.64 4.68 4.67 4.68 0.009
163 541 5.72 5.70 5.63 571 5.63 0.023
204 11.40 11.39 11.55 11.48 11.43 11.45 0.006
285 17.77 16.62 17.03 17.11 17.42 17.19 0.025
324 22.14 | 23.21] 23.23 23.08 23.20 22.97 0.018
338 25.21 26.24| 2543 2568 25.34 25.57 0.016

TABLE 1 - J-integral values

The results of table 1 show a low variation of émergy release in terms of integration domain Sibés
variation can be associated to experimental nolsgeroed on the experimental data. In this case, a
correction of the displacement fields could be abered in order to increase the accuracy of the
experimental fields.

5 Conclusion

In this study, an experimental approach is propasextder to characterize the fracture parametexsdod
specimens via the J-integral. The marks trackinghote was employed in order to measure the
displacements fields on the specimen surface. Uiagexperimental displacements, the strain arebstr
fields were calculated via a constitutive law. Fuis, the experimental data were implemented imitef
element code in order to generate a finite elenmagh. In this case, the strain and stress fieklsaculated

by using the experimental data and by imposing tealndary conditions. The implementation of
experimental data in a finite elements code allotining a realistic discretization of sample dhd
loading and experimental boundaries conditionssTgossibility can be explored to generate the dinit
element mesh corresponding to the specimens witiplex geometry.

Finally, using the mechanical fields, the J-intégvas calculated for several loading steps andliiferent

integration domains defined around the crack tige J-integral evolution versus the crown size shihes
energy release rate invariance. This approach dmeileasily generalized for mixed mode configuratiby

using the formulation of the M-integral.

5



21 Congrés Francais de Mécanique Bordea 26 au 30 aolt 2013

References

[1] Anderson T.S., Fracture Mechanics. CRC Pre3g52

[2] Broek D., Elementary engineering fracture meunts. Kluwer Academic Publisher, 1974.

[3] Sanford R.J., Fracture Mechanics. ASTM STP,8%382.

[4] Smith I., Landis E., Gong M. Fracture and faggn wood, Wiley, 2003.

[5] Lanczos C., The variational principles of meaica, Fourth Edition, 1970.

[6] Vujanovic B.D., Atanackovic T.M. A, introductioto modern variational techniques in mechanics,
Birkh&auser, 1930.

[7] Burridge R., SIAM-AMS Proceedings, volume XHracture Mechanics, Held in New York City, 1978
[8] Chang J.H., Chien A.J., Evaluation of M-integfar anisotropic elastic media with multiple defgc
International Journal of Fracture, 114, 267-289220

[9] Cherepanov G.P., The stress in a heterogenglates with slits, in Russian, Izvestia AN SSSR, QTN
Mekhan. | Mashin., 1, 131-137, 1962.

[10] Cherepanov G.P., Mechanics of brittle FractideGraw-Hill, New York, 1979.

[11] Rice J.R., Apath independent integral andapproximate analysis of strain concentration byches
and cracks, Journal of Applied Mechanics, 35, 388;3968.

[12] Budiansky B., Rice J.R., Conservation laws anergy-release rates. ASME J. Appl. Mech. 40, 201-
203, 1973.

[13] Barranger Y., Doumalina P., Dupre J-C, Gernaand.., Hedan S., Valle V., Evaluation of three-
dimensional and two-dimensional full displacememids of a single edge notch fracture mechanics
specimen, in light of experimental data using X4@yography, Engeneering Fracture Mechanics, 76123
2383, 20009.

[14] Bretagne N., Valle V., Dupre J.C., Developmehthe marks tracking technique for strain fielida
volume variation measurements, NDT&E InternatioB8l,290—-298, 2005.

[15] Equipe de Photomécanique et Rheologie, LM$iétei: Deftac, manuel d'utilisation, 2000.

[16] Bathe J., Klaus J., Finite element procedimesngineering analysis, Englewood Cliffs, N.J. riice-
Hall, 1982

[17] Zienkiewicz O.C., Taylor R.L., The finite elemt method for solid and structural mechanics,e&és
Butterworth Heinemann, 2005.

[18] Le Fichoux E., Presentation et Utilisation@astem 2000, ENSTA-LME, 1998.

[19] Miliozzi A., le procedure di castem 2000peanalisi meccanica di strutture in materiale composi
laminato.

[20] Guitard D., Mécanique du matériau bois et cosiies, Cepadues — Editions, 1987.



