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controlled normal stress conditions and
at the same tine cold or hot fluids can
be flushed through the joint. Defor-
mations, flow rate and stresses are
recorded simultaneously.

THEORY

The parallel plate model assumption is
normally used to calculate flow through
rock joints. The equivalent smooth wall
aperture (e) can be back-calculated from
flow tests using a modified fom of Dar-
cy's law. Experinents hovever, have shown
that the real mechanical aperture (€),
can be measured with feeler
on resin grouted joints, and the
eau perture (e) are
not equal. Boundary layer effects and
tortuous flow paths caused by the contact
so far been considered to be
for the reduced flow rate.
Figure 2 relates the conducting aperture
(&) with the mechanical aperture (€) and
the joint roughness (JRC). The major
conclusfon 15 that the cublc law 1 only
valid for very open joints, or for Joints
with rather smooth joint surfaces. The
permeabi 11ty 1s correctly given by the
equation k = e7/12. However the theoret-
fcal value (e) 15 fess than the phystcal
aperture (E).

PREVIOUS RESULTS

Good agreenent was noted between mode]
predicted and monitored Joint con-

Figure 2. Relation between conducting
aperture (e), mechanical aperture (€) and
JEi08 veiins (R Cuier: ersat

ductivity under repeated normal stress
cycling for a Joint in gnefss (see Figure

(8andis, Makurat 1985). The joint had
a moderately altered surface (JCSo/oc =
110/214 = 0.51) with several softer
{iatead) puechas. Jeint compasss
(JRCo) was 7.0 and the fnitfal joint con-
ducting aperture of 62 ym prior to

ting vas reduced to 30 ym prior to
rat o'n = 1.5 WPa.

anaiss

Figure 3. Conparison between predicted
and measured joint conductivity under
repeated nomal loading.

However increasing deviation between
the mode1-predicted conductivity path and
the experimental results vas observed
with fncreasing shear displacement (see
Figure 4). Flow through the joint

hence k) started even to decrease a
=18 m of shear. The gradual blockag
flow paths due to gouge production vas
anticipated to be the most reasonable
explanation.

RECENT RESULTS

Several CSFT-tests have been performed on
Jotnts 1n typical hard rocks (e.g. grani-
te) and soft rocks (e.g. poorly cemented
sandstone).
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" SHEAR DISPLACEMENT  micrometer

Figure 8. Joint #4. Shear df
Jofnt conductfvity. ~Gran
Sy + 150 WPa, o = 220 WPa

lacenent vs.
R+ 1.9,

SONT CONDUCTIVITY  em2.

Ry T
SHEAR. DISPLACEMENT micrometer

Figure 9. Joint #5. Shear displacement vs.
BNt conductivity. Granite: JRCq + 3
ICSn = 125 WPa, ac = 220 WPa.

Consequent1y the first shear (1) dilates
e Joint arly'a minor amaunt, nevarihe-
Fesulting in 8 nearly twofold
Therease-of & The 1ot toetng snear tests
(I and T1), even though conducted under

very Tow normal stres
substantiaily (see Fi )
Jofnt #3 shoved an Increass of k by

Table 1. Conparison of conductivity
vartation due to shear.

Jotnt /e JCS/on RC By kelky
w

110 2 61 228 18
it 160 us 0.2
n 5 20 01

2 108 8 64 w082 3.9
I 7 908 0.9

3107 4 60 1530 469
I 8 30 52.3

4 oee 6 L9 unm 09

50w s 38 15 03

205 - fotnt conpressive strength

Oc. - unfaxtal compressive strength

n - nomal stress acting on the Joint

e - Jotnt roughness coefrictent

By - shear displacenent

K- foint conuck vty atter shoar

Fina1)
Ki - fotnt conductivity prior to shear
(infttan)

rly two orders of magnitude after
53,5 m of shear (see Figure 7). The
marked roughness in cambination with
ather low norma) stress compared to JCS

Jofnt to dilate suf

‘nduced Tlow path
to carry off eventual go

Saint 2 vhich had similar proserties
to 83, mach higher nor-
SRt M e sron rram Figare §
and Table 1, k di by s factor

of four during 1)
Second shear st (1) fasuited in no
major conductivity vartation

as docu-
mented by the low JCS/oc values. Extrenly
Tow JRC-values together ith Tow JCS/o
in Joint closure for #

over the full range of shear displace-
ment, whereas IS Shoved closure fron 0 to
550 ym shear displacenent. fol loved by
ditation from 550 to 1945 ym shear
displacenent.

Although no dilat1on was measured for
Joint #4, an fnitial fncrease of Kk was.
Gbserved'(see Figure 6). Keeptng 6 (1200

638
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Figure 16, Joint 10, Shear d1splacement
v Jom conducelui . g porosity
K (n = 43), JRCo = 3.9, S = 8.0

1t 13 dbvious that the o Jotnts vith
the highest JRC-values ({6
Figures 10 and 12 ) show an increase in
ot condutivity duritg the Firt shear
quent shear

K under the first shear test.
a weakly cenented sandstone,
heaw Join, surface danage ¢

Inspected after the te
the other sandstone Joints Shoved
or o damage.

Strongest decreas
tivity however,

chalk Joint which
Joint 3urface damag

in Jotnt conduc-
denonstrated by the
0 suffered heavy

(see Table 2).

coNCLUSIONS

1. Smal amounts of shear displacements
are enough to dilate Joints fn hard racks
and cause Joint conductivity increases by
a8 nuch as’ two orders of magnitude. A
high JCS/aq ratio conbined with &
distinct Jaint. roughness morphology seens
to-be the main requirenent for this type
of behaviour.

2. Strong mineralfsation and repeated
Aring can reduce Joint conductivities
even 1n high strength rocks.

31 Al sort rock Joins i ated during

4. Gouge nat produced during shear
d1splacenent 15 anticipated to be the
major reason for the joint conductivity
decrease during ongoing shear.

Table 2.

Jont XtSlec  JCS/op RC &y kelki
-
6 1=1 38 s 12
11 o vistble 5076 0l4
1 Jotnt 4089 0.3
surface
alteration
7 = 9 6 429 0.9
dtstinct
Slickenside
8 1=1 7 10 3B 28
I atstinct 14 e 011
Slickenside
9 1=1 73 a0
I dtstinct 84 iz 0.7
Stickenside
008 3 42 003
o3
deposits
on Joint
surface

5. Gouge formation il tend to block
the Joint flow paths and consequently

gistirs the para) e plate amalogy, Lov
(see foint 1,4,5,9), Joint
tion (see Jofit 4,5,10) and Tow

JCS/on ratios seen to favour the process
of flow path blackage.
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