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A trend shown in our experiments
48 Chat more uniformly distributed
£low correponds to smaller aper-
tures. An explanation for this
Goula ba that the matedness is cor-
Celated with aporturs such that
uall mated Joints, 1.0 joints with
Vel Correlated sucfaces, have ge-
harally smsller averege sparturs.
Obviously at high stresses in-
Crasced Aress of contact will tend
o Taduca this flov uniformity.
arton st al. (1535) prosented an
ompixical squation incorporating
R’ ana the ratic /e, spplicabie
Yo matea foints. Our sampic A is
Clonrly mated and the results soem
To be. in zough accordance with this
elstion.

5 concussions

- The physicel sperture distribu-
Tion of the studisd joint samples
Gan'be statistically described with

Shown to vary
batueen 1.3 and 1.7 for sampl
With apertures (o) betwean 54 and
428 'pm; uhile E/e was > 16 for

o5 5 pm.

e tortuosity of the flov wes wp
030 in joints with big spercure
varistion,

Vell mated joints have smaller
Jariation in apertures and conduct
ater nore uniforaly alstribuced
ver tha Joint surface.

e Josnt. natedness broperty. o
tha Gegre of miamatch, is there-
fore’an smportant factor and should
b conaidered i hyarogeoloate sur-
vers.

Tuted Univeceity o Technology,
Sueden. Tinancisl support provided
by the Stripa Project. is soknou-
Tedged.

[
Abelin, M., Neretnioks, I.. Tun-
rant, 5. & Woreno, L. 1935: Fi-

DAl raport of the migration in
single fracture-Experimental
Fosults and svaluation. Stripa
Project, TR 85-03, SKB, Stockholm

Barton, N. & Choubey, K. 1977: The
‘Shoa sirength of rook joints in
Sncory"ana praceice. ook Nech.
brpei

Barton, X., Bandis, .  Bakntar,
K. 1985 'strength, defornation
sha conductivity Cowling of
CockJoines. Int. 3. Rook Mech.
Nin: 301 € Goomsch. Abstr., 23,
3:131°100.

Brovn, 5. 1987: Flula flow
Tnrough rock joints
SF uffoce roughnes
Ras. 52, No. B211337-1347.

Gale, 3.5, 1967: Comparison of
‘couplad fracture deformation and
£7ula T1ow modals with direct
sessurenants of fracture pors
Structure snd strese fiow proper-
£ies. 20th Us Symp. on Rook Nach-
nice, Tusson, Arizona, June 29-1
Suly, pp. 12i3-1222.

centisr, "5, 1986; Morphologis et
‘Comportasent hydromschanigue
7ihe fracturs naterelle dans une
grenite sous contrainte normale.
PhD. thasis, Liuniv. a'Orisans.

Gentier, 5. & Billeus, D. 1989: Ca
Tacterisation en laboratoire de

Deph, Pau, Prance, 1:425-431.

Haand 5. 1588: Watar Flov in
ingie ook fointe. Licentiste

Thesis, Luled Universicy of Tech-
nology, Sweden, 93 b

Neuzi: €5, & Tracy,'3.v. 1881
o thiough frackiras. Water
Raasurces Ras.: 17, W 11393199,

Puach, R.. Borgesson; L., Fredrika«
‘Son A Merketrom, 1., Eristron,
N Ranqvist, 0., Oroy, M: &
Goon, e 1966; Rock Seating -
Tnterin Report on the Rock Sea-
1ing Project. (stage 1), Stripa
Project, T 88-11; KB, Stocknole

PyaKiNoLke, L3, Myer, LR,
oo, .. & Witherspoon, FA.
$587: Hydrauiic snd mechanicai
properties of natucal frectures
T ow permeabiiity rook: Proo.
tn Tne’ Cang. on Kook Mechanics,
Nontreai, Canada,

s YN, € Taans, CF:
‘Channai nodel of £lov. through
Cractures meda. Maver
Ren., 23, No. 31487479,

0




image1.png
e

—sea3v 330 pored Arysee eq Arrew
Ziausb pus Souzans ou 30 SGeMT
soive Soe3aed o Senyd Isan euL
"1 oumbra) s3e1d 33738 © waTA
soket a8a73 o S30euIGS DurpTIow
rioges sis pe Soerins usol 9 uo
“loker Ut v o BupTnou 38173 UL
Tioqus doyTre o Buyen peawsyidez
S3en autof o4 3o sepys wios * (4D
~reavaro 4 SifprEIv) Axods Guois
ussedsusis & UT pejeoraws SuA
Soras-ayin T posn Topon FUTF SuL

seortdes qurof auezedsvexy '
anonuDEL TVEENTEAE T

-orarsra semoosq uTT
anana oy ou MOTs GIUT BUOT:
o Imaroo pue s3utol Juszedsvery
Buyen “ea00775. bur feuED oud
ey
ion Sespnas TenarA wIon ST 104
*{Loex Buvss 3 busss

go61 wnoTrTa 3 9Tausp) UOTERNOSTD
B Touoeus ous 03 soTonas samazede
e
Doz aeypnas eo1s 3ovauco -sides
-0 AoTs AUSISIFTP SETTIIN SeowOx
a0 ony ssous -(9g6Y seTaues ‘.86t
‘orep) Uorinaiiastp sinmzede el

30 KToyou oot 01 51 Uosoidde IeuI0
Bia U loet 18 39 svronwerkd) U0ty
U nbtoto pue susixe s17 DuTAPnIS
Toake Toesuc0 3 U0 3eziuvUCD
o35 usmoxdde U "peUSTIDUTISTE

q uwo seuovosdds uren om Axewoed
Bron o w6 o Jusiand o BoxL
" imaseds suror

50 voradraosep eua wo peserauss
Zion weoq ssogeros S9 £330338
«psesse: pue auiof S 30 ImoTANISd
S tnexpaq o BurTTonUoD 87 U0l
Topreus bros sui o Azieuses wuL
~(gser 1o 30

yosna “ggeT 19 39 urTeqV) ez 3o
‘Bartues pue 1zodevers ss3onpunoid
o Sensen eu uy orawews 103
‘asass3iy 30 978 AOT3 JO SOTATSOToA
Toos Sus seawo Auwu uT -IoAGO
eatonae oyrmespAgees uF posn

ueaz0 o3 uorienbe STuL -MST O
oo o6 aua shotios st Sur

pue Frisoraitous pastos od ues SST
Gosa Sy saovzans T1oTTeI8 woos
‘ona 03" perFieeps sxe saurol 3T
“ba

weo sautol
man vees
Ge3s 3erry

—yaomep Azcroezeravs oa
Pz atsure ur M1y o0
o7 vopaoestp sTu U1
Tup - sosevs 01 U seimaOnIis
eaThoToaB SATAONPUOS 30 YioAIeu
essorIamo oy BnOTE AOTs 943 30
uor3o7pazd Sxew 03 9Tq@ 4 03 BUE
Poeiazepun o3 87 ate yoeese: e
“uvisodur o7 KataTs

—onpuca ssew 003 30 USTISEND B3
75aFosa w01 Axp-304 pue Sbez0a
cretn eaTsouoTDes DunolBiopun 00Ty
L onsag05s 301 TonodoIpAY 58 WS
Buyxesuzbus %501 70 SpToT3 Auve ul

annouswova ©

-3u7of ous 30 ImioeTHU BuFTSUEYD ouy DuFoUSNTIUT 03063 ursioder

o 04 03 unous o1 So0833ne UIOF 9
“not g3 o307 subacefus Inotes Bu
Buote farooTon v pue AOTI 93 30
o o puzbyaed sxen saees ROTA. S

boutsn Suoweinaton o WBNOI PRUTSAAC.

otensp wen seoejns autol TEANITY 30
Z35ea"% Saurof woor syBurs 3o snojaws

" wmea1oq LOTIETaLIoS 30 e
n pasnegon som SouTy weeiss SO

Kireonaaos oul ‘sworidex autol suse
soyrdas suessdsvess S A4 pepTAGId
3% suorangTISIp eanaleds oL ‘ped
‘seor1ae: sueredeusis exes o3 by
(oq STINEIBAY U Anas GL IOVALSEV

s s oeyzosD voanioN
woumgN
s gy TSy Sy
el

sunof o1 jo

stondox asedsuen Susn syouLEAXS Mo PUE SuOWAISEow Amuady

560111806 NS AR oy 068 (0] I P ST P




image2.png
Jomt 1w
DRILL CORE

157 susmER

260 uBBER

Epoxy
HOULDING

TANSPARENT
o1 woDEL

Fig.1 Working steps for the joint
osel abrication:

&y
~—r

Fig.2 Principle for the sperture
measurement. A = area of vater,
B fracture aperturs, V - volime
ot vater arop.

[
Ly

Vords the rubber replices are used
= Ro1ds for the spoxy moldings
Thavo. replices ron each side can
Bo"eites Logather and form 8
Vaneperent Sopy ot the original
Sotne:
‘Sefore betng used in the experi-
ments the replices are exposed to
o Tonaing wp to sbout 3 KPa to
ira that the joint follovs an
Ayperbolic normal stitfnsas curve.
e General stiffness benaviour of
the Joinca in epony sre the same &
for Took Joints. inspite of the do-
Ver sbsoluce stress levels (Hakeni,
1585

2.2 aperture messuroment

he transparency of the joint
coplicas enabled us o Gavelop &
Special technique for aperturs mea-
Siremants. The peincipls of this
Sechmiqua 1s shown in Figure 2. A
Snall volume of water, 10 4, is
Sccurately measured with a micro-
Dipetta and placed on one of the
Jotnt surfaces. When the tuo sur-
Zacas Is fitted together the vater
drop will cover a small ares of the
Surface Gepending on the sperture.
e volune of the drop dividea by
This'ares gives the sverage sper.
Sira v nd sovual spot.

T£ o number of drops are spread
over the surface the aperturs can
ba messurad for these points at the
Sane tina. In our messurenents 8.10
potnts ware measurea at che same
Tina and. the procedurs was repested
unti1 811 pothte in 8 grid vere
moasured for sach sampie..

‘During the messuraments the samp-
1ea ware pressed betwesn plexi-
glass platens in a special iceding
Frana.

2.3 Flow experiments and velooity

he sane joint models wers used in
flow experiments. Tor sach sanple
Constant water hesd was applied et
one-end of the Joint and the sides
Vere sasied off. The sampie was
Sitting in the sans loading frase
undax the ‘same compression os dur-
ing'the aparturs messurement, o

F1g.3 Injection of colour in the
£150ing vater ac points slong the
Sdga of the Joint:

e
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Table 1. Properties of the natural Tock joint samples used in the

samplo ® 2, 53, 50 x
ook type Leptite Guerts monzonita |Fina-grained
granite

Surcace Weathered eathered Siigntly statned

Sonaition Chiorite coating| chiorite costing [No Filling

Vatadness Matea Apertures | Unsated Apertures |Very vell mated
52 0708 (A

Tength x wiath | 162 x 59 14 x 88, 162 % 52| 154 x 54

=] 208 % 155

Area fon'] o7 131, 136, 335 0

e s 3 10

Table 2. Summary of aperture measurements.

sampilo 5 s [s3 [s¢ [m [m
Number of measuranent Te2 | w9 | 104 | 28 | 200 | 200
points
Average aperture & () | 313 | 462 | 17 | 261 | sa | 161
Standara daviation o, 212 | 255 | 409 | 100 | a6 | 75
Dast £1¢ log-normal % 305 | 44 | 393 | 261 | @3 | 100
aistribucion L)
o 193 (273 [295 | o8 | 3| 7
osin| 62| | 75| 8| a| s

Sample a1 Semple A2
Higher normal load ] 4 Louer noraal load

spactace. (atceons)

F1g.6 Frequency histograms from aperture measurement Al and AZ
Cotrasponding to tno different lovels of compression of joint sample A.

386
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3.3 Plow experinents

Figure 9 shows two examples of
stiaan 1ines compiled from photo-
Grapns of the fiow experiments.

Tha tortuceity of the flow varies
betusen differant samples but aleo
betucen difcerent pathe on the same
cenple, As o neasuce of the fortuo-
She"Langth of the stresn ina and
£he sample length vas dotermined.

Purihapmore the 8o calied hydrau-
115 aparture, ¢, was caloulsted for
cacn Sample. This is the squivalent
Sparture for an ideal Joint, witn
Shooth parailel walls, giving the
Sane flo as the roal Joint for the
2otual pressure gragisnt.

‘The Tabla 3 sussarizes the results
£ron the flow sxperinent by giving

With Dhe voter drops.
Soosity factors.

The coupling beteen aperture and
£low valocity could be ciasciy ob-
Served.during the velooity measure-
ment. An injection at en iniet
Boint uith a good connection with
Fheoutiet aide gave a clear and
Glae trace of the colovr, hiie
Other injectiona 1ed to Rore sior,
Cortuous and diffuse fiow pattern:

‘The resulta froa velocity messure-
ments on twp samples are given in
Pigure 10, "The character of the

w0 Joint nodels vas
. "Sazpile 53 is more
' very irreguler fiow
VEla"sanpla A ia Hightar and hes
o uhich is very even and non

na"the tor-

tortuous, (conpare Figures 9 and
10
4 prscusston

Using transparent epoxy as model
Dateria has sevaral advanteges: It
a3 strong and alastic nateriel
niencen simulate the stitfness
behavior of 8 real joint in the.
Qlastic regine. Howdver, the trans-
Parancy itsei? 1s the vital proper-
25 giving the possibilicy of vissal
mathods of study:

X Gcowbeck with eplice techniques
12 that tha influences on oint.
propertias due to £i11ing ssterials
Sannot be studted.

Fig.9 Compilations of strsam lines
£25n sampio 8) A2 (154 x 54 mm) and
b) 53 (162 x 82 mm).

Since the results from flow and

1s convinced. that the void geometry
Sbtained could possible oocur in

The results from the aperture mea-
suresant ace in genersi agreament
ULEh the Fesults fron saxiier in-
Vestigations. Gentier (1996) snd
Gale (1987) present sperture fre-
quency histograss with the same
Genersl shapa as in our stuay:

“The Tosuits from the Sample A for
aifferant dogroes of ciosurs agress
with the model suggested by Neuzil
and Tracy (1981). According to
Shetr model the change in aperture
at any location is proportional to
the size of the aperture at thet
Tooation.

It is siso interesting to cospare
our_study with the vork by Brown.
{1587) ‘since our ~experimante: are
quite similar sxcept that his 15 &
Mumerical similation of flow ba-
Sveen two rough surfaces. The gene-
Ta fantures Gf tortuosity snd ve-
Toctty varistion show s g30d sgrea-

8




