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Numerical modelling of disturbed zone phenomena
at Stripa

Modalisation numérique phénoménes de zone perturbée & Stripa
Numerische Simulierung der Eigenschatten der Aufiockerungszone in der Stripa-Grube

K. MONSEN, A. MAKURAT and N. BARTON, Norwegian Geotechnical
Institute, Oslo, Norway
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The changed permeability of the granite at the Stripa research mine due to excavation of &
Tltdacion dEife has been partially explained by Distinct Element (UDEC-33) Modelling. The strongly
on-umifora distelbucion of stresses, strains and displacement caused by the drift excavacion
Tesulted in nev, predicted transport paths for groundvater flow towards the drift. Closure of
Tetal foints and channel developaent at jolnt intersections resulted in predicted permesbilicy
incraases parallel to the drift excavation.

Lo changement de perméabilité du granite & la aine de recherche de Stripa causé par 1'excavacion
hune galeris de validation a éte parciellesent expliqué par des modéles mumériques UDEC-3S. La

istribution cres pou uniforns des censions, des contraintes et des désplacements causée par
{'excavaton de 1a galerie a eu pour conséquence do créer des mouvelles voles de Cransport pour

1'écoulement des saux souterraines vers la galerie prévse par les modiles.

robturation des Joints

Teyonnants st le dévelopment de cansux sux intersections des joints on résulté dans 1'augmencacion
prédite de la pernéabilics parallille & 'excavation de 1a galerie.

Dot Einflub des Testtunsllausbruches auf dis Durchl:

igkeit des Granites der Seri;

Porschungagribe kennte teilveise durch Bestimste Elemente-Simulierungen (UDEC-BB) erklArt werden.
Dis. ungleiche Verceilung der Spanmungen, Deformationen und Verschisbungen, die durch den
Ramel1ucbruch verersacht wirden, resultisrts in neven, simulierten Grundvasserflichuegen in

Richtung Tunell. Das Schlisben

faler Klofte wnd dié Entwicklung von Kandlen entlang von

Kiutoverachneidungen resulticrce in einer simulierten Stelgorung der Permeabilitat parallel zus

Tune1l.

INTRODUCTION

Excavations in rock will result in unsvoid-
able disturbance to the rock msss in a liniced
Zegion surrounding the excavation. The persea-
bility of the rock mass may be increased or
dscreased locslly In this disturbed zone. One
oF the keys co battar understanding of such
Sffects will be discrete slement modelling
\sing codsa such as UDEC (Gundall, 1980) as
\tilised in this study (Nonsen et al., 1991).
The rock mechanics studies that wers per-
formed as part of the Stripa muclear waste
disposal research project vere focused on po-
Cential excavaclon: induced changes in joint
aperture and permesbilicy caused by excavacion
oF the Site Charsctarisstion and Validscion
(Scv) Drife. This was expected to allov some
Joints to open due co reduced radial stresses,
and others to closs more due to increased tan.
gential stress. Still other joints might shear
Slightly and perhsps dilace. The net effects
ere expocted to be changed radial permesbility
That might be reduced locally and changed axial
permeabilicy that might be increased locally.
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Four different Jolnt scructure roalisations
were imvestigated. Eight Grift models vere
Simlations of pure mechanical excavacion
effects, while tuo models vere similacions of
Zully hydro-mechanical coupled behaviour. One
of the hydro-mechanical simlations vas per-
Zormed for a similaced validation érift (b-hole
stmlations).

MODEL INPUT DATA

The rock mass vas characterised so chat Joint
aperture changes caused by the Validacion Drift
hcavation could be discretely modelled. Joint
Structure represented in stochastically gon-
crated b x b x ba cubes (Herbert ot al.

1991) were used to select four possible jotnt
geomstries for two-dinensional rock mechanics
Simlations of the 2.8 x 2.2a Validation Drifc,
nd the rock mass response to its excavation.
The joints intersecting the four ond faces of
these cubes vere set up in dlstinct element
UDEC-BB models. One of the joint structure
reslisations modelled is shown in Fig. 1.
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Fig. 1 The geometry modelled

Jolnted (UDEC-38) models

stochastically generated cubes.

Valldatton drifc

The joints are peraicted both elastic and

plastic defornations, with stre

Shear and normal stiffness, p:

Barton-Bandis non-linear model. The isplemen-

Cation of this model in UDEC enabls

dependant. coupling of shear scress, shear dis-

Placenent, dilation and also closure vhich is
uned not to be scale dependenc. The shear

mode 15 {1lustrated in Plg. 2.

The scrongly non-Linear Joint shear strengch
cricerion applied vas formulated by Barton
.
where.

JRC - Joint Roughness CosfFicient
305 - Joint Wall Compression Strength
idusl fricelon angle

R &)

Tuo-dimens onal
& from Harvell's 8a x tu x &
SCV - Site Characterisation and

‘Input data for the modelling obtained from
index testing of drill core, was organtsed in
the form of histograms, %0 that the varisbility
of the paraseters JRC (joint contti-
Cient), 65 (Joint vall compressive stremgth)
and 4, (resicual friction angle) vas accounted
for (Barton and Bandis 1990). An example s
shown in Flg. 3.

The key input parameters for the musericsl
models are summarized in Table 1 for the chre
roups of Jotnts

jable 1 Key joint paraseters

1 8.5 20 |-

given in Table 1
Jotne perstatence. Growp 3
Joints (Long and smooth) will ot
xperience changed conductivicy as dramatically
s the unfilled Joints, Group 1 (short and
Eresh), vhen undergoing the actual stress
Cchanges caused by arift excavation. The per-
Sfatent, mineralized jolncs nay not be sub-

P

Fig. 2 The shear displacesent logic in UDEC-BS
(Bandls ec a1, 1981).

Joint roughness coetficient, lab. scsle

Fig. 3 Example of histograms of joint rough-
nesa costeicient (JRC.
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Pratel
Pig. & Relationship between the Joint reugh
Tess and block sizes for the theee
Joine groups.
Jected to significant conductivicy changes ac
211, While the potential spercure changes in
The'shore and unfilled Joincs may locaily cr
ate new f1uld Cransport rouces in che rock
Bass. The "average® sciffnass Jolnts sre
Tecopnised as Group 2. Fig. & illuscraces che
Telacion betvesn the jotnt Toughners sed Block
Size for che three groups.

Utk L B i ahascsc

Saotropie aedium ith slastic propercies as
Liered in Table 2.

Tuble 2_Tncact rock elastte propertiss
Young's
Denste Potsson's
modutus
o/ - ratio
I 57 025

The dlscrace slemant models vers Loaded on.
Chies sidas by scress boundaries, 10 NFa verti.
Cally ind 14 to 18 KPa hovizoneaily, and by
Collur boundaries along the bese. The sppiled
Boundary stresses vers. based on HeKicmon 40d
Carz (1990)

‘Kaa{tionaily, for the hydro-sechantcal simi-
Lations, & bousdary lutd pressure vas fixed a¢
014 NPa, <o give assumed pressure gradients

Hodelling Scages
The modelTing vas divided inco four stages

1 ™ Nadelling vich svarage Jotat macerial
paramecets
11 Wedelling with Lengeh-dependenc Jotac

macartal parameters

1L Compurison vith concinum analyses

IV iydco-sechantcal (coupled) D-bole and
WAL Taflow modelling

KEY RESULTS FROW THE MNERICAL MODELLING
As a rosult of the mumerical drife excava
Cion, ' varlaty of changes in the fotnt aper-
Tures sceurrad  soms closing, ochers openine,
ome. shearing and occastonally sufering dils
tion theraby pocentiaily creating sore cpen
neca. The strass redisteibucion, deforastion,

Jein shearing and conducting spertures
Zhcained from s puce mechanical similacion
tiiising Tengeh dependent oint properties a
Shown i Tig. 5

&\

Ry

]

Fig. 5 Besults from s pure mechanical stmla:
Chon urilising lengeh dependent Joint
propertic
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Fig. 6 Contimum model deforaacions,

wax. 0.Tom.
Dsformsion Analyais
Lol ST secormactons showed suxtes

of 10 to 1 6um in the jointed modals. Deifc
Closares were therafore gensrally liaited to 2
o3, The contimum Tesult (asx. 0.7em) ves,
52 axpecead, somsvhat different from the dis-
ontimmn ressite, and this difference vould
Togically be lacger as excavation size
Lobrassed, due to increases in shearing snd
Aitacion. The contimmm mode] defornations
Ploceed in Fip. ¢ should be compared to the
Eampie of discontimun deforsation in Fis. 35,
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Excavation-faduced jotat shearing shosed
e velues of 0.6 to 1.0mm, Hovever, sig-
SEfioamtly larger magnitades of Joint shesri:
Sere secn tn the threa-jotnt-material models st
e 2 Tte Smmtres (20) from the drife, due
o caduced thast screngeh of the persistent
ieralized jeints. Thels relative ease of
hearing eveh st these distances From the peri-
hery 65¢ mt necessarily focresse Joinc sper-
Ereox commmel sperture, though potential for
Shis ©s cpparent in the case of & larger deift
o itopon cavern, or fn & more Intsrcomected
ok mae

Dos o fos sophiaticated Crestment of Jolnts
che UDEG-BS model simulated 4 vide range of
Cetial and cangential stresses. These tended
o loas cortain Joints nese the drift and to
fcresse the persasbility parallel to the drift
by ceasting chammels vhere jolacs ceralnaced
Clsinat each other.

Cion:induced tangoncial and adisl sere
ere comparad viih those froa an squivalent.
onttos model, which shoved 2 expected, much
o predictable stress gradionts despite the
isotrepy of stress sed drifc dimensions

Fie. 7 toupares the principal stresses in &
Jolnted and & contioum model. Haguitudes of

)

nd displacenents.

Compartson of contimum and discontinum behaviour (pure mechanical
Soint Lengeh.dependent propecties) regarding scresses
O % werenses: maina 42,8 and 619 WPa; 3. &

major principal stresses as & fumction of radius from Cunnel
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the magor prinetpal and ehete radtal
Vartation are ploceed for one sector (180-
20

‘Podic angential stresse
ropiatered in the Joint:
Continuum model. 7
Stress of 43 P

Eemtrab1y e level of tangeneial scress vas
Lover i haavily Jointed sooes, and peak values
Londed £ be Teachad shout 0.5 to 1 metre (a-
2)"fron.the periphery in thase Joinced models.
Hlgh values of stress, L., 25 o 40 Fa were
Tepiatered sa far as 3 to 3 metres (1) from
e Geife vaila in some cases.

"The hydco-mechanical modls shoved stress
reduccions and stress rotations close to the
Grife ralaive to the pure sechanical models
Ghviously as the sxcavacion is spproaches
inereasing divargence is shown

of 55 to 74 NP vere
‘models, while che
o0 2 maxioum tangenctal

to.the Drifs
A smmary of the conduceing apertur
oped in the pure nechanical and hydro-mechar
TEa1 models in shown in Fig. 8. Careful
‘his comparison shov that the aext-
cing apertures (chanels) are laxger
To the model vich lengeh dependont properl
than in the average propery model. Channels
S developed in the drifc excavation models
oy,
I3 che pure mechanical models (Fig.
rentiation of Joint properties, most iy
‘Changes occurred in the 0.5m of rack
n average of

toeive fo

por =
Spertuce in this zone, vhile the next radial
mitre from 0.5 co 1.5 macres had 5 Jotnts

NPure mecaic smatien
Cangitapedent ot repetes

Cryiro-sechncal saiaton
D axcaton

oy

Comparisen of condicting spertures in four generic sodels, shoving

a4 Ffagont parmesbility daveloped dun to joinc properties (A,

B), and dus to pore b
Aependant Jolne properties)
W) 1 0.50m.

uces. In the 3o

{c. D vich lengeh
The aaximm sperture (chanmed) con-

N1 modals are plotced wich tdentical scal-
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3.0 matres, only 3 Joines per macre shoved
The most peraiacent Jotacs

Lss than Lum prior to sxcava-
hile Joincs of interaediate Length vere
ypically about 23um, and the roughest Jolnrs
yplcally about 40um. Analysts of the post-
xtavation results shova that alchough che
noathar persiatent joints tended to shear most
{penerally betveen 0.3 and 0.9am). chis vas noc.
Chough o cause signiFleant apertice changes
“ince dliation vas delayed and vould have bees.
Ueak anyvay.  In contrast, the shorter Tougher
Joincs vere able co dilate slighely and
Incresse thelr alrasdy higher intclal

Note.the more uniform distribucion

Sheacing of the 1o
o Loas by the snall size of the excavacion,
and was moce affective In ganerating chammeis
' joine Tnterssctions than ailacion-related
Chamnels along 4 given Joint plane.

Chamnels that formed ac Jolne incersections
created local apartures of typleally 150 to.
S5oum and would provide potencially increased
permesbility parkiiel to che drife, gemeraily
B iatances of 0.5 to 1.5 macres fato the
Wil of the artee.

While the models of drife excavation develop
channels at soms Jolnt incersections, this
Fhenamenon 15 absent in the D-hole simslation

{Fig. 80y, The resson for this differsnce is
{he“ionsar block displacenents and rotations in
the Dohole simulation. The Grifc models davel-

oped battar comectivity parallel to the drifc
o tha sxcavation, while the D-hole model
has hape 1t batter Fadial conmectivity because
the Joknes vers not o heavily stcessed.

"The porential for increased drife-parallel
Flou tovards & potencial dratnage point iz of
Elgnificance to cocal inflov co the drife. A
uknary of najor chanoels and their radial
licributton 1a shown In Fig. 9.

ot . e (=)
§ 8 £ %

H

0 ) % - £l
e s i g ()

Fig. 9 Wydraultc apertures of major channels
VA dlatance. fron excavation for models
UtLliaing stae-dependenc Jotne
propercies.
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A3 How and sen tnfluence on Jotnt dafor-
macion vas scucied by use of 4 fully coupled
Dpdre-sechanical loglc. The inflos to 8 sim-
Ticed arife (o-hole, as fllustrated in
s compared to.the {nflow lnto & drife excave
Vien in the same Joint reslisation. The moat
important concluslon 1a that the D-hole simls
Clon is more sffectively dratning than the.
Grifc simistion dus to the becter radisl
Cormactivity. The flow rate into che D-holy
er ealeuistad to ba sbout 4 tises grester than
inte the drifc

Note that the simulations had to be Cormin:
ated while ransient Clow vas still taking
Place in certain model reglons, becauss of very
Fine-consuming computacions.

comcuustons

1. Due co deife excavation, the radial flov
£2"cuduced, ncressed fiow 1s predicted
whtle paraile] to the drift.

2. Comparizens becveen D-hole and drift
“imilacions support che sssuspion of
ermesbility, vhich also agress
Vith el measuceneats.

3. The stmulacions perforned wich Joint
Tengeh dapendent properties Tesult {n the
most reslistic predictions.

4 The Jotnced models’ response to
Tlen entail sccesses large snough to

The correspon-
o, which vere
enaratly much lover d1d not have thi
iaportant pocential
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