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SHEAR BAND ANAL YSIS OF WEATHERED BROKEN ROCK
IN DRY AND WET STATES

E. Bauer, S.F. Tantono
Institute of Applied Mechanics, Gralniversity of Technology, Graz, Austria

1. Mechanical properties of veathered broken rock

The degree of geological disintegration, i.e.chyemcal weathering or by the intensity ar
the orientation of mero-cracks has a significant influence ae granular hardness and as
consequence on the resistance to compactionshedring, which leads to phenomena suct
rockfill cregp and collape. It is expgmentally evident that the nechanial propeties of weathered
broken rockare diferent br dry and wet statesf the materik[1]. Furthernore for rockfills with
coarse-grained and uniforpartides under stress the forces at tomtact areas areunh higher
than in a well gaded ganular naterial. Thusgrain abrasion and graicrushing caused by th
plastification of contact zones and the progressie@eelopnent of micro-cracks are usually mo
pronounced in rockfills. When water penetratesrthero-cracks, the disintegration of the granu
hardness of the grain senble can be accelerateGrain abrasion and gracrushing change th
grain size distribution and corgaeertly the valueof the limt void ratios d the naterial.

Recently the essential mechanical propertiesoairse-gained weatheretiroken ro& were
modeled within the fraework of hypoplasticityby extending the wdel for unweathered stabl
grains and siple grain skeletonsiith a granular hadness degpending on the degree of weathegir
and the misture contet[2]. In particula the ganular hardness is defined #e pressue at which
the isotrojic conpression curve in aeni-logarithmic representation shows the point of inflecti
(Figure 1.a). It was found by expeents that the pait of inflection is related to the state whe
grain crushing becoes doninant. For the wet material the granutahardness is loer (Figure 1.b).
The constitutive equation for the evolution thfe stress is based on nonlinear tensor-val
functions depending on the current void ratiog thtress, granular tdmess and the rate «
deformation The nodel also intudes inelaic material properties, apressure and densit
dependent stiffness and peak friction angle, stsaifteing and critical states. Creep aniess
relaxation during the tierdependent process of dadation of the graular hardness are taken in
account with an additial termadded to the consttiMe relation [3]. As the hypoplastic conce
does not need to distinguish between elastid plastic deforration the calibration of the
constitutive constdn israthe easy. It is deronstrated thatdr weathered broken granite thede!
captues the essential mechaaliproperties withina wide range of pressures and densities bott
dry and wet states.

2. Shear band analysis for plaa strain element compression

While for unweathered granulamaterials nodeled with hypoplasticity shear banding has alre
been extensively investigated in earlier publications [4], the sesbtained for a weathered brok
rock [2] will be discused in the present pap Based on the gerarbifurcation theory the
possibility of a spontaneous foation of a shear barnid plane strain biaxial copression under ¢
constan lateral dress is studiedof the dry sate and the wer saturted state of weathered granit
Figure 1.c shows the evolution of the streg®rand the volura strain under a homogeneous ¢
drained elerant ddéormation starting from an initial @ropic stress state. It is vlous that for the
dry materid the incemental stifness at the dginning of compression and also theximum stress
ratio is higher than for the water saturatedtarial. Densification is mre pronounced for thi
saturated material and dilatancy can only be wfeskfor the dry material after the peak. T
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bifurcation analysis show that the first posstpilbf a shear band @nked with a dot) @y appear

before the peak. States above the first bifuroagioint (dotted curves) again fulfill the bifurcatic
criterion. It can clearly be seerattithe smallest stress ratio and shear band inclination for a pos
shear band bifurcation is a little higHer the dry state of the aterial.
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Figure 1. (a) Conpression curvefb) reduction of the granular hardness for the watienial;
(c) Plane strain copression undeconstant lateral stre3g; = -0.8 MPa: stress ratiby2/T11

againsthe \ertical straire,,, volune strainey against the aopression straia,,.

(solid curves: dry state; dasth cunes: saturatedtate;# = shear band iolination)
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