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SYNOPSIS : On the basis of the results of about 700 direct shear tests and about 150 triaxiel
compression testg achleved on samples of large size, the variability of the ghear strength para-
meters of gome coarse-grained materiels is rendered evident. Two laws of internal friction angle
@' variation with the normal gtress G' ere ptudied, giving the values of the parameters of
these equations for oertain rockfill categories. The influence of angle @' variebility on the
homogeneous dem slope stability is investigated. |

INTRODUCTION The great number of tests carried out on the
same type of material permitted to render evi-
During the latest 20 years, more than 15 local dent the main factors which influence the
material damg with heights H = 60 ... 175 m strength parameters, as well as to compere the
have been achieved in Romania. One of the fea- results obtained using different types of devi-
tures of such works 1s the important variabili cegs. When these parameters were introduced in
ty of the grain size of the rockfill,which, be- the stability calculations of the dam slopes,
sides, sufers modifications due to transporta- gsome differences were found out =g to the re-
tion and compection (Fig.l). sults obtained by the methods of stability com
putation utilized up to now.
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Fig.2. Direct shear box
Flg.l, Gradings of rockfill in miccaceous & B

schigts : & - in the borrow area ;
b - after compaction in the dam ;

0o - ghear tegts in large boxes § 4 - The tests on "granulometric models™ on  the
1;951;2 in smaglsboxes aﬁd triaxie'xl rockfill obtained by crushing and on coarse al-
compression lyvium (sard and gravel) with 8 .. < 50 mm
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were algo carried out in the laboratory in di-
rect shear devices (no.4 and 5 - Table 1),and
in the triexiel compression device on samples
with 25 em diameter and 50 cm height (Fig.3).

Table 1, Data for Direct Shear Tests

No. L B Hy Hy Voax ¢ ez
(cm) (om) (em) (cm) (kPa) (mm)
1 80 80 50 30 1,050 200
2 110 110 55 55 1,500 300
3 210 110 55 55 1,500 300
4 40 40 10 10 400 50
5 30.4 30.4 T.5 T.5 500 50
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Fig.3. Scheme of triaxial compresaion device :
a - pregsure traducer ; b - strain
traducer ; c¢c - pore-pressure measuring

The measurements showed thet, due to the upper
box wall friction, at the direot shear tests,
some corrections should be operated on the nor-
mal gtress G', of the same order of magni -
tude like the ones recommended by Bourdeau et
al, (1989), The direct shear tests were car-

ried out by increasing the shear force T 1in
steps or at a constant shear velocity Vh =
= 1 mn/min. The results obtained by the two
methode are ologe to one another., The "peak"

value of shear strength was considered in dia-
grams ( & ,§5 ).

The triaxial compresgsion tests were made in
dreined gystem, by increase in steps of the
main stress 0.

Particularities of Tested Materials

The tests in large boxes (B= B0 cm) uged a
grein size distribution curve (Fig.l) located

at the lower limit of the range of placed rock-
f411. In the triaxiel compression device and
in gmall boxes (B = 30 ... 40 cm) the ‘"granu-
lometric model"™ used was characterized by =a

curve perallel to the reel one and having the

same uniformity coefficient. The tests on
granulo tric modelg led to values of angle
of internal friction @' slightly inferior to

thoge obtained on the material with the real

grein size distribution, in the oease of di-
rect shear tests.

It should be mentioned that, during the com~

pression and shearing, the rockfill with a

low content ot fine grains sufer a more pro-

nounced vrocess of crushing.
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SYNTHESIS OF EXPERIMENTAL RESULTS

The more than 700 tests carried out 1in the
direct shear devices end about 150 triaxlal
compression tests showed that for all the
coarse-grained materials (orushed rockfill,
boulders and gravels with gsand) a non linear

failure envelope 1is obtained,
Model of Hyperbolic Variation of Angle ¢~

The direct shear tests, which define the engle
of internal friction @' on the secant to the
fajilure envelope (Fig.4) 1lead to a good agre~
ement of the experimental data with the hyper-
bolic variation proposed by Maksimovié(1989) :

1 ] A¢'
g =4 Etm—T - (1)

1 - 0'/py

|

o

—le 5.
5=

PN
Fig.4. Feilure envelope and hyperbolic
variation for the angle of internal
friction

The triexisl compression tests are interpreted

in a similar manner :

g =g, + DO (2)

A 1+ Gﬁ/pT
in which G is the minimum main stress. The
relationship between the parameters py and
P is :
c092 (¢'B + Ag@gr/2)
(3)

T T oim (8 + 08'/2)

The digpersion of the values obtained on sand-
stone rockfill in the box of gside B = 80 cm
and on the grenulometric model in the box of



pide. B = 30.4 cm, as well as the medium curves
given the relation (1) are shown on Figure 5.
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Fig.5. Direct sghear tests on sendstone rock-,
fill (average density jd = 1900 kg/m~)

Figure 6 contains the medium ourves obtained
experimentally by triaxial compreseion on mi-
nimum 8 gamples for each materiel end the hy-~
perboles defined by the relation (2).

e}

—  pxperimental
\ ==== cglculated eq(2)

Pig.6. Triaxial compression tests on rockfill:
a-micoaceous schist ; b-sandstones ;
o-limestone

The processing of the direot shear and triaxi-
al compression tests results allowed to deter-
mine the medium values of the parameters of
equation (1) for certein categories of coarse-
grained materials (Table 2), The values ¢'p
are gpecific for each type of material and do

not depend practically on the relative densi-
ty. The parameters A@g' and which 1in-
troduce the contribution of dilatenoy, oombi~

ned with thet of grain crushing, depend on
the rock nature, grain size distribution end
the relative dengity. Since the modification
of grain dimengions end ghape during shearing
18 higher in the case of rockfill, the veria-~
tion of angle @' with the normal sgtress §' 1s
higher than the one determined in the cage of
sandg (Bolton,1986),

Table 2, Mean Values ‘of Equation (1) Parameters

¢'B A¢l

Granular material (o) (%) (xPa)
Gravel with sand,loose 36 4 250
Graevel with pand,compacted 37 7 350
Boulders with gravel and

sand, oompacted 37 19 400
Chrystalline schist rook-

f111, loose 32 10 200
Chrystalline schist rook-

£111, compacted 33 25 250
Micoaceous sohist rockfill,

oompaocted 32 35 650
Limestone rookfill,

compacted 36 27 300
Sandstone rookfill,

compacted 42 13 450

Model of Power Type Relationship for Angle ¢°'

The triaxial compression tests on grenulometrio
models (with meximum grain size dpg, = 50 mm
led to values of the gecant angleai' ologe to
the ones determined by direot ghearing of the
maeterials with dm_g = 200 ' x 300 m (Figo 6 )o
Nevertheless, & bsfter grouping of values is
noticed in the stress range G4 = 100 ...,1,000
kPa, 1f an exponential relationship is adopted
in the forme presented below :

1

tg §' = ) (4)
R( Wy/p,)
in wnhich Py = 100 kPa,
The parameters R and r are eagily deduoced by

logarithmaring the equation (4) whioh becomes
linear (Fig.T).

Table 3 gives the values R and r determined for
different rockfill types as well as those of
the parameters A end a of the failure envelopes
which result in the form :

Z=4Ap, (T/p)° (5)
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Fig.7. Determination of the parameters of
:qu%tion (4) from triaxial compression
ests

It can be gseen that the values A and e are
close to the ones determined by other re -
gearchers (Mersal,1976),

Teble 3. Values of the Parameters of Lquations

(4) and (5)

Rockfill type R r A a
Schists+sandstones 0.731 0.33 1.364 0.76
Granites 0.678 0.22 1.475 0.78
Granitic gnelss 0.542 0.37 1.845 0.63
Chrystalline schists 0.512 0.32 1.953 0.67
Limestones 0.458 0.34 2,180 0.65

INFLUENCE OF VARTABLE ANGLE OF FRICTION
OX DAM SIOPE STABILITY

The model given by equation (1) can be also
uged in t*the cage of ‘'clagsical" computing
methods along continuous slide surfeces.

In the case of rockfill dams with upstream wa-
tertightening screen, the clessical methods for
the stability coefficient calculation have =a
limited application, since they do not consider
the modification of the gtresses caused by the
regervoir. For this dam type,more realistic
results were obtatned by the use of model (4)
for ¢g' dependence on the stress q' and by

the calculating the gtresses in the dam bo-
dy by a more accurate method. PFigure 8 shows
the 1solines of the failure ratio Rp = ( 0'] -
- 7'3)/( vy - T'3)f, in the body of a gnelss
and Bchist homogengous rockfill dam, before and
after the regervoir impounding. The stresses
were determined by the finite element method,
congidering a non~linear stress - strain rela-
tionghip determined by triaxial compression
(Duncan et a2l1.,1970). The computation program
(Luca et al.,1987) uses, for the angle @', the
relation given by equation (4) and the parame-
ters shown in Table 3,

~~~— Empty reservoir.

#eensFUll reservar.

Fig.8. Variation of failure ratio Re
in Sebes-Oaga dam

CONCLUDING REMARKS

The non-linear character of the fallure ocurve
in the oage of coarse-grained materials leads
to variable values of the gecant angle ¢'.The
hyperbolic relation given by equetions (1) or
(2) reflects clearly the contribution of dila-
tancy and the grain crushing effect but, for a
practical determination of the paresmeters of
these equations, more tests are necessary. The
exponential relation (4) covers satisfactorily
the range of moderate values of the pressure
@1 and allows an easy calculation of the pa-
remeters by linearization. The stability oel-
culations carried out by considering the non-
linear dependence between stress and strain
and the variasbility of angle @' lead to & more
accurate delimiting of the sghear gtrength maxi-
wum mobilization zones and to the more correct
determination of the steble slopes.
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