Excavation Damaged Zone Modelling in
Claystone with Coupled Second Gradient Model

Frédéric Collin” and Benoit Pardoen™

Argenco Department

University of Liege

1, Chemin des Chevreuils B-4000 Liege, Belgium
f.collin@ulg.ac.be

Abstract. Galleries excavation leads to damage and significant properties changes
of the host rock. The fracture structure of the excavation damaged zone created
around the galleries remains nowadays a major issue especially in the context of
underground storage. In order to correctly model the strain localisation, the second
gradient local model (regularization method) is used within a hydro-mechanical
modelling of a gallery excavation. The numerical results provide information
about the strain localisation bands pattern.
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1 Introduction

Gallery excavation in clayey rocks induces stress perturbations that trigger dam-
age propagation. The damage can either be diffuse or localised and can lead to
significant changes in the material properties. The excavation process creates the
so-called excavation damaged zone (EDZ) in which the mechanical and hydraulic
properties are modified. The prediction of the extension and especially of the frac-
turing structure in this zone remains a major issue.

Since strain localisation in shear band mode is frequently observed in experi-
mental works, the excavation damaged zone can be modelled by considering the
development of strain localisation bands.

2 Strain Localisation Modelling

Within the framework of classical finite elements, the strain localisation depends
on the mesh size and orientation (Collin et al. [1]). An enhanced model, introduc-
ing an internal length scale, is thus needed to correctly model the post peak and
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localisation behaviour. Among the different regularization methods, the second
gradient local model (Chambon et al. [2-3]) is used. In the latter, the continuum is
enriched with microstructure effects: the kinematics includes the classical one
(macro) and the microkinematics ([4-6]). For coupled second gradient model, the
two balance equations to be solved (Colhn et al. [7]), for every kinematically ad-
missible virtual displacement field u; and virtual pore water pressure field p,,,
read in a weak form:
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where g;; is the total stress field, X is the double stress dual of the (micro) second
gradlent which needs an additional constitutive law, and Q denotes the current
solid configuration (volume). G; is the body force per unit volume, ¢; is the exter-
nal traction (classical) forces per unit area, 7; is an additional external (double)
force per unit area, both applied on a part I, of the boundary of Q and Du; is u;

normal derivative. Further, M is the time derivative of the water mass inside Q, m;
is the mass flow, Q is a sink term and I’y is the part of the boundary where the in-
put water mass per unit area g is prescribed.

The total stress field is defined according to Terzaghi’s postulate:
0,=0,-5,.p.9, 3)

where o is the effective stress, S, is the water saturation degree and dj is the
Kronecker symbol. The double stress Z;; has no link with the pore water pressure.

The second gradient law gives Z;; as a function of the (micro) second gradient.
It is a linear elastic law with isotropic linear relationship deduced from (Mindlin
[5]) and it depends only on one elastic parameter D. The shear band width is pro-
portional to this elastic parameter ([2; 8]).

3 Numerical Modelling and Results

A hydro-mechanical modelling of a gallery excavation is performed in two-
dimensional plane strain state with impervious gallery wall (undrained). It takes
into account the hydraulic permeability anisotropy and the initial anisotropic stress
state corresponding to a gallery of the Andra underground research laboratory
(Meuse/Haute-Marne, France) drilled in Callovo-Oxfordian claystone. The end of
excavation corresponds to 5 days of numerical modelling (fig. 1).

A flow model is used to reproduce transfers in porous media. The constitutive
mechanical law (first gradient law) used for the clayey rock is an elastoplastic
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model with a Drucker-Prager yield surface. It includes friction angle hardening
and cohesion softening as a function of the Von Mises equivalent plastic strain.

Several calculations were performed to focus on the influence of second gradi-
ent elastic modulus D, dilatancy y and cohesion softening on the strain localisa-
tion. Numerical results emphasize that a cohesion softening is needed to initiate
the strain localisation process around the gallery. The second gradient elastic
modulus has a significant influence on the width of the shear strain localisation
bands appearing around the gallery. Its value has to be chosen carefully regarding
the mesh element size. No dilatancy permits the appearance of strain localisation
during the excavation whereas, when using dilatancy the strain localisation only
appears after the excavation. It emphasizes transient localisation behaviour after
the excavation, under constant radial stress at gallery wall (1 atm). It has been ob-
served that excavation process creates rocks fractures during the excavation
(Bliimling et al. [9]) then a value close to y=0 seems preferable.
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Fig. 1. Evolution of strain localisation bands pattern (total deviatoric strain) after the exca-
vation for an elastoplastic model with cohesion softening

The strain localisation structure (fig. 1) exhibits a chevron fracture pattern
around the gallery corresponding to in situ observations (Cruchaudet et al. [10]).
The extension of this excavation damaged zone fairly corresponds to the in situ
experimental measurements of shear fractures. The final dimensions of the zone
are about 0.8 m horizontally and 5.5 m vertically. The extension of the damaged
zone based on in situ shear fracture measurements is 0.8 m horizontally, 3.9 m
and 5.1 m respectively vertically upward and downward (Cruchaudet et al. [10]).
Because of the material anisotropic stress state, the chevron fractures are con-
centrated above the gallery and the convergence is anisotropic. The latter is im-
portant during the excavation and keeps increasing afterwards. The comparison
between numerical results and experimental measurements realized in the consi-
dered gallery (fig. 2) indicates a good matching especially for the vertical
convergence.
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Fig. 2. Matching between numerical results and experimental measurements of the gallery
convergence in (left) vertical and (right) horizontal directions

4 Conclusion

The excavation damaged zone in claystone had been fairly well modelled with
strain localisation. Within this zone, the modelling provides information about the
fracture structure and its evolution corresponding to in situ observations. Never-
theless, the rock state and its properties changes still have to be considered. It
would be necessary to validate the results with a more accurate modelling of the
rock anisotropy and of the hydro-mechanical coupling occurring in this zone (Le-
vasseur et al. [11]). Permeability is probably not homogeneous in the damaged
zone and probably depends on a mechanical parameter such as the plastic defor-
mation (Levasseur et al. [12]).

References

[1] Collin, F., Levasseur, S., Chambon, R.: Numerical post failure methods in multiphys-
ical problems. Eur. J. Environ. Civ. Eng. 13(7-8), 983-1004 (2009)

[2] Chambon, R., Caillerie, D., El Hassan, N.: One-dimensional localisation studied with
a second grade model. Eur. J. Mech. - A/Solids 17(4), 637-656 (1998)

[3] Chambon, R., Caillerie, D., Matsushima, T.: Plastic continuum with microstructure,
local second gradient theories for geomaterials: localization studies. Int. J. Solids
Struct. 38, 8503-8527 (2001)

[4] Toupin, R.: Elastic materials with couple—stresses. Arch. Ration. Mech. Anal. 11,
385-414 (1962)

[5] Mindlin, R.D.: Micro-structure in linear elasticity. Arch. Ration. Mech. Anal. 16,
51-78 (1964)

[6] Germain, P.: The method of virtual power in continuum mechanics. Part 2 Micro-
structure. SIAM J. Appl. Math. 25, 556-575 (1973)

[7] Collin, F., Chambon, R., Charlier, R.: A finite element method for poro mechanical
modelling of geotechnical problems using local second gradient models. Int. J. Nu-
mer. Meth. Eng. 65(11), 1749-1772 (2006)



Excavation Damaged Zone Modelling in Claystone 317

(8]

(9]

(10]

(11]

[12]

Kotronis, P., Collin, F., Bésuelle, P., Chambon, R., Mazars, J.: Local Second Gra-
dient Models and Damage Mechanics: 1D Post-Localization Studies in Concrete Spe-
cimens. In: 7th International Workshop on Bifurcation, Instabilities and Degradation
in Geomechanics, pp. 127-142 (2007)

Bliimling, P., Bernier, F., Lebon, P., Derek Martin, C.: The excavation damaged zone
in clay formations time-dependent behaviour and influence on performance assess-
ment. Phys. Chem. Earth 32, 588-599 (2007)

Cruchaudet, M., Noiret, A., Talandier, J., Gatmiri, B., Armand, G.: OHZ en GED:
EDZ initiale et évolution. ANDRA, D.RP.AMFS.11.0016 (2010)

Levasseur, S., Bésuelle, P., Collin, F., Chambon, R., Charlier, R., Viggiani, C.: EDZ
in clayey rocks: which effect on permeability? In: Proceedings of European Commis-
sion - Timodaz-Teresa THMC Conference, Luxembourg, September 29-October 01
(2009)

Levasseur, S., Charlier, R., Frieg, B., Collin, F.: Hydro-mechanical modelling of the
excavation damaged zone around an underground excavation at Mont Terri Rock La-
boratory. Int. J. Rock Mech. Min. 47, 414-425 (2010)



	Excavation Damaged Zone Modelling in Claystone with Coupled Second Gradient Model

	Introduction
	Strain Localisation Modelling
	Numerical Modelling and Results
	Conclusion
	References




