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The long-term soaking of the granular medium with acidic tailings water which contains a large number of chemical
substances is an important factor that affects the structural composition of copper waste ore with copper compounds and
the slope stability in the dump. Therefore, based on the project example that part of the granular material of the mine
dump at the bottom is soaked by the acidic tailings water for a long time, in the present work indoor direct shear tests of
the granular medium under long-term soaking were performed and the influence of long-term soaking on the particle
breakage of granular medium and strength parameters was analyzed. The dump slope stability was studied at different
water levels of the tailings pond and was compared to the indoor test results. The research results show that the
breakage rate of the soaked samples is obviously higher than that of saturated and on-situ samples when the granular
medium is soaked by the tailings water for a long time. The change in the value of the safety coefficient is small as the
water level of the tailings pond is below 230 m. But the safety coefficient obviously decreases after the water level of
the tailings pond is up to 230 m and it increases with the increase of the water level of the tailings pond. Moreover, the

slope sliding surface moves down with the increase in the water level of the tailings pond.
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INTRODUCTION

The long-term soaking of the granular medium
is an important factor that impacts the dump
stability. However, in the process of experiment, the
decrease in strength parameters mainly results from
particle breakage. Based on a number of tests, the
articles [1-3] point out that the particle breakage can
change the particle size, gradation curve and
density degree, resulting in changes of the physical
and mechanical properties of the soil samples. Hall
and Gordon [4-5] find that under a certain amount
of stress, the breakage rate of sands with good
grading is smaller than that of sands with poor
grading. The articles [6-8] find that by the triaxial
test the increment of the particle breakage leads to
the reduction of the shear strength of the coarse
aggregates, and the peak friction angle within the
peak values is a power function of the particle
breakage rate. Wei Song [9] points out through the
triaxial test of wet particle breakage that the particle
breakage caused by wetting increases with the
increment of the confining pressure and the wet
stress, and a linear relationship approximately
presents between the wet- axis variation and the
wet particle breakage. Therefore, the long-term
soaking of tailings water can affect the breakage of
the dump granules and then the granular strength
parameters. In fact, the particle breakage test is of
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actual engineering significance in the dump and
rockfill dam. In particular, when the bottom
granular medium of the dump is soaked in the
tailings water, the particle breakage is quite obvious
because of the long-term soaking of the granular
medium in the acidic tailings water which contains
a lot of chemicals.

The XRD patterns of the original tailing sample
and after leaching at pH=2, 4.5, and 7.0 are shown
in Fig. 1. XRD data were collected in the angular
range (10°-90°). The tailings mainly consist of
quartz, despujolsite and muscovite-3T, with trace
palygorskite O, pectolite and manganoan [10].

The previous studies were rarely related to the
influences of the particle breakage in the long-term
soaking of the tailings water on the shear strength.
However, the large-scale direct shear test is one of
the conventional indoor test methods for coarse
grained soil because the large-scale direct apparatus
is characterized by a large specimen size used in it
that can retain the original grading of the soil
samples to a maximum extent and weaken the size
effect. As the direct shear test is easy to operate and
applicable in a wide range, it is the most widely
used method [11] that is economical and practical
for small and medium-size engineering projects.
Therefore, in our work, the modified large-scale
strain-controlled  direct  dual-purpose  shear
apparatus of indoor and field use, developed jointly
by Wuhan Institute of Rock and Soil Mechanics,
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Chinese Academy of Sciences and Hongkong
University, was used to test the particle breakage of
the dump granules and its influences on the strength
parameters. On the basis of the experimental
results, the slope stability of the mine dump was
studied by means of FLAC software.

DIRECT SHEAR TEST
Test equipment

The dual-purpose direct shear apparatus used in
this test is of assembled structure, and mainly
composed of an overall removable outer frame,
horizontal loading system, vertical loading system,
a shear box, etc. The clearance dimension of the
shear box is: LxWxH = 500 mx500 mx410 mm.
The lower shear box is connected with the overall

device can show the whole process of rock mass
deformation, and the maximum shear displacement
can be up to 140 mm.

Test method and test grading

A large number of experimental studies
performed by Yangtze River Scientific Research
Institute [12] has shown that the sample size effect
can be almost eliminated only when the D/dmax is
4-6mm (D is the size of the shear box and dmax is
the largest tested particle diameter). According to
the designed size of the above direct shear
apparatus, the maximum particle diameter of the
samples is selected to be 60 mm. The tested grain
size range groups are shown in Table 1.

Table 1. Test grading of coarse grained soil.

framework, and the largest slit width between the Range
upper shearing box and the lower one is 10 mm. of grain  40-60 20-40 10-20  5-10 2-5
Since the lower shear box is fixed in the shearing size(mm)
process of the direct shear apparatus, the_upper Pegcent 225 145 95 75 100
shear box can only be moved in the horizontal (%)
plane and then the shear slits do not change due to Range
the dilatation of the specimens. The deformation of ofgrain  1-2 05-1 0.25-0.50.074-0.25 <0.074
the specimens by the above dual-purpose direct size(mm)
shear appara_tus is more uniform than_ that by using F’egcent 60 51 609 12.0 6.0
the conventional one. Compared with the stress- (%)
controlled field-use direct shear apparatus, this
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Fig. 1. XRD patterns of tailings samples before (a) and after leaching at pH 2 (b) [10].
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In order to study the effect of the tailings water
on the particle breakage of the coarse grained soil,
the on-situ samples (with water content of 4%),
saturated samples and soaked samples with a dry
density of 1.90 g/cm® were selected for each
group’s tests under different vertical pressures
(0.05, 0.1, 0.2, 0.4, 0.7, 1.0, 1.3MPa, respectively).
The granular samples soaked in the tailings water
and the pictures of their direct shear tests are shown
in Figures 2(a) and 2(b).

(b)

Fig. 2. (a) Samples soaked in the tailings water and
(b) Direct shear test of the soaked samples.

The soaked samples refer to the soil samples
that were put into the water containers after weight
proportioning and air drying and maintained to be
in fully-saturated state without external forces and
sealed for a month. Before the test, the soil samples
were taken out from the site, dried at ambient
temperature, separated by sieving, weighed, then
added water as required, mixed evenly (saturated
samples needed to add water to maintain the full
saturation state), and loaded in 3 tiers for
compaction. Then artificial consolidation was
conducted for the samples and the consolidation
stability was controlled to be 0.0025 mm/min. After
the deformation was stable, the direct shear test was
operated at a horizontal shear rate of 1.4 mm/min
and it was stopped when the shear strain was 20%.
After finishing the test, the soil samples were dried
again at ambient temperature and then screened.

The pH value of the tailing water is 2.1~2.5 and its
physicochemical composition is shown in Table 2.

Table 2. Physical and chemical composition of the
tailing water

Item COD Fe Ca Zn  Mn Al
Concentration, g 5 587 49880 018 470 0.42
(mg/L)

Item Mg Cu Na K Cd As

Concentrationg; 3 _ 02 54.80 23.40 <0.02 <0.02
(mg/L)

The main ingredients of mine waste rock which
can participate in chemical reactions were
chalcopyrite (CuFeS;), chalcocite (Cu.S), oxidized
copper ore (CuCOs-Cu(OH),) and pyrite (FeSy).
The chemical reaction is as follows:

(D Chalcopyrite
2CUF982+H2504+Oz—>2CuSO4+Fez(SO4)3+H20
CuFeS,+2Fe;(S04)3—CuSO4+5FeS04+2S
2FeS04+H2S04+02—Fe2(S04)3+H20

(2 Chalcocite

CuS+Fez(S04)3—CuS+CuS04+2FeS04
CuS+Fez(SO4)3—>S+CuSO4+2FeSO4
(3 Oxidized copper ore
2CuCO;-Cu(OH)2+H,S0,—3CuS04+4H,0+2CO;
CuO+H,S04—CuS04+H,0
Cu,0+H,S0;,—CuSO4+Cu+H,0
@ Pyrite
2FeS,+30,+2H,0—2FeS04+2H,S04
4FeS04+H2S04+02—2Fe2(S04)3+2H20

® Other reactions

Fe,Os +3H2804—>F62(SO4)3+3H20
A|203+3HzSO4—>A12(SO4)3+3Hzo

ANALYSIS OF TEST RESULTS

According to Hardin’s definition, the relative
particle breakage rate Br is the area Bt between the
grading curve before and after the test divided by
the initial crushing potential Bp, i.e., Br=Bt/Bp. As
the relative particle breakage rate can reflect the
variation of the various particle sizes of the sample
before and after the test, the direct shear tests were
conducted in our work for the on-situ samples (with
water content of 4%), saturated samples and soaked
samples to obtain the relative particle breaking rate
Br as shown in Table 3.

From Table 3, it can be seen that the breakage
rate Br of the saturated samples increases but not
clearly, compared with the on-situ samples. On the
contrary, that of the coarse-grained samples soaked
in the tailings water for a month increases
obviously and is much higher than that of the on-
situ samples and the saturated ones. In the long run,
tailings water has a striking softening effect on the
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coarse-grained soil while not in the short-term
water flow. The typical SEM images of the granular
medium before and after soaking are shown in
Figure 3.

Table 3. Relationship between ¢ and Br at different
water contents

Breakage rate (Br)at different vertical
pressures(MPa)

005 01 02 04 07 10 13

Soaked

sample 1.34 2.04 456 7.57 9.14 11.19 11.91
(%)

Saturated

sample 0.34 0.46 0.788 1.87 5.15 6.60 7.23
(%)

On-situ

sample 0.24 0.23 0.77 150 4.33 529 6.56
(%)

Sample

(b) SEM images after soaking

Fig. 3. Typical SEM images of the granular medium
before and after soaking.

ANALYSIS OF DUMP SLOPE STABILITY
Slope model

A mine dump is very close to the tailings pond
and its bottom granular medium is under the water
surface of the tailings pond. See Figure 4 for the
site photos. Landslides of the dump may affect the

1080

safety of the tailings dam of the mine. Therefore,
the dump slope stability was analyzed by means of
the ANSYS and FLAC software based on the
results of the indoor direct shear test for the dump
granular medium.

Fig. 4. On-site dump granular in the tailings pond.

According to the original and current
topographic maps of the dump, the three-
dimensional geological model was created and
shown in Figure 5, which was divided into 6 layers
with 20 m each and 120 m in total.
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Fig. 5. Three-dimensional geological model of the dump.
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Table 4. Material parameters of granular accumulation.

Bulk Shear . Internal - .
. Cohesion . Dilation Tensile
Density ~ modulus  modulus frictional
Sample 3 C angle strength
kgm?d K ¢ 0 T YO S (VP
(Gpa) (Gpa) o(°)
Long-term 1900 0.03 0.02 0.03 22.90 4.80 0.03
soaked sample
On-situ 1900 0.15 0.10 0.09 33.89 7.60 0.05
sample
Rock 1900 13.600 9.800 0.40 46.00 14.00 2.15

Calculation parameters and schemes

The Mohr-Coulomb criterion was used for the
calculation of the model. The top surface was set to
be a free boundary, the bottom - a fixed restricted
boundary and the four sides - roller bearing
boundary. Under the initial conditions, only the
dead weight was considered in the entire process of
the calculation. The parameter values of the dump
materials are shown in Table 4.

Based on the indoor experimental research of
the long-term soaking of the dump granules in the
mine tailings water, five schemes were selected to
make the analysis of the dump stability, i.e.,
Scheme 1 for the dump granules which are not
soaked in the tailings water (i.e., the water level of
the tailings pond is <190m), Scheme 2 for the
current water level of the tailings pond and the rest
schemes for the water level of 230 m, 250 m and
270 m, respectively. See Table 5 for the specific
calculation schemes.

Table 5. Calculation schemes.

Calculation
scheme

Water
level of
tailings
pond
(m)

1 2 3 4 5

<190 210 230 250 270

RESULTS ANALYSIS

Table 6 shows the computed results of the slope
safety coefficient of the dump in the different
schemes, from which the slope safety coefficient
follows the order: Scheme 1 > Scheme 2 > Scheme
3 > Scheme 4 > Scheme 5. The value of the safety
coefficient changes little in Scheme 1 and Scheme 2
while it obviously decreases after the water level of
the tailings pond increases up to 230 m. It is not
obvious for the long-term soaking of the dump
granular medium at the bottom of the dump to
impact the safety coefficient of the dump slope
because the slope sliding surface is still above the

water level of the tailings pond when the water
level of the tailings pond is 210 m. However, when
the water level of the tailings pond is up to 230 m,
the slope sliding surface has already been below the
surface of the tailings pond partly and then the
change value of the safety coefficient increases. In
addition, with the increment of the water level of
the tailings pond, the change value of safety
coefficient continues to increase.

Figure 6 indicates the displacement vector cloud
in Scheme 1 and Scheme 5, from which it can be
seen that the slope sliding surface moves downward
with the increment of the water level of the tailings
pond and as a result the change value of slope
safety coefficient also increases. The above analysis
shows that long-term soaking of the dump granular
medium is adverse to the stability of the dump
slope. In particular when part of the slope sliding
surface is under the water level of the tailings pond,
the long-term soaking of the dump granular
medium greatly affects the stability of the dump
slope. Thus, separate tailings dam and dump should
be built as far as possible.

Table 6. Calculation results of slope reliability.

Calculation 1 5 3 4 5
scheme
Safety 496 124 119 110 098
coefficient

CONCLUSION

Compared with the on-situ samples, the
breakage rate Br of the saturated samples increases
but not distinctly. On the contrary, that of the
coarse-grained samples soaked in the tailings water
for a month obviously increases and is much higher
than that of the on-situ samples and the saturated
ones. The tailings water has a striking softening
effect on the coarse-grained soil in long term while
it has not in short term. The safety coefficient of the
slope calculated for the dump decreases with the
increment of the water level of the tailings pond.
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Contour of Digplacement Mag
Plane: on
Magfac = 0.000e+000
0.0000e+000 to 2.5000e-003
2.5000e-003 to 5.0000e-003
5.0000e-003 to 7.5000e-003
7.5000e-003 to 1.0000e-002
1.0000e-002 to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002 to 2.2500e-002
2.2500e-002 to 2.5000e-002

Contour of Displacement Mag
Plane: on

Magfac = 0.000e+000
0.0000e+000 to 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002 to 1.5000e-002
1.5000e-002 to 2.0000e-002
| 2.0000e-002to 2 5000e-002
| | 2.5000e-002to 3.0000e-002
|| 3.0000e-002 to 3.5000e-002
3.5000e-002to 3.8313e-002

It changes little when the water level of the
tailings pond is below 230 m; while it obviously
decreases when the water level is above 230 m. The
value of the change continues to increase with the
increment of the water level of the tailings pond.
Meantime, with the increment of the water level of
the tailings pond, the slope sliding surface moves
downward, resulting in increased change value of
the slope safety coefficient of the dump. It is
concluded that long-term soaking of the dump
granular medium is unfavorable to the stability of
the dump slope; in particular, it affects the stability
of the dump slope significantly when part of the
slope sliding surface is under the water level of the
tailings pond.
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(@)

(b)
Fig. 6. (a) Displacement vector cloud of Scheme 1; (b) Displacement vector cloud of Scheme 5.
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M3CJEJABAHE HA BB3JEMCTBUETO HA KUCEJIMHHUTE OCTATHYHU BOJU B JIETIO
3A OTHHAABLU, CbABPXALLIN PA3JIMYHU XUMNUYECKU BEIIECTBA BBPXY
I'PAHYJINPAHA CPEJIA

armkus Baur'? | Kenanron Kour? Uynxe Sur
I'ya Banr!? , Kcuanrton Konr? Uynxe SJurt

1,1]bpofcaeﬂa 1abOpamopust No0 2eOMEXAHUKA U 2e0MEXHULECKO UHNCEHEePCMEO »
Hnemumymnockanua u nougenamexanuxa, Kumaticxa akademus na nayxume, ¥Yxawn, Kumaii
ZHayllHO-meXHOJZOZMlleH yuugepcumems Kynmune, Kumaii

Ilocrbnuna Ha 5 anpui, 2015 r.
(Pesrome)

[IpogbKUTETHOTO MPOMUBAHE Ha TPaHYNIHpaHA cpelda ¢ KUCEIWHHU OTIAAbYHH BOIW, ChABPKAIIN TOJSAM Opoit
XAMHWYECKH BEIIECTBA € BaKCH (PaKTOp, KOHTO BIHMsEC HAa CTPYKTypaTa Ha OTIAIBIH, ChIBPIKAIIN METHH CHEIUHCHUSIH
Ha BI'bJa Ha OTKOCa Ha AernoTo.B Tasm pabora ca HampaBeHHW M3NUTaHUS B JTaOOPATOPHU YCIOBHUS BBPXY CPSI3BAIIOTO
HampeKeHUE B TPaHyJIUpaHa cpea MPH MPOIBIDKUTEITHO IPOMIBAHE U BBPXY pa3pyIIaBaHETO HA TBHPAUTE YACTHIU U
3mpaBHHATA Ha cpenaTa. CTaOWIHOCTTa Ha HACHIIA U BI'bJIa HAa OTKOCA Ca M3CIICABBAHU MPH Pa3IMIHA HUBA HA BOJIUTE
B XBOCTO-XpaHWIHIIETO. M3cienBaHeTo Moka3Ba, 4e CKOPOCTTa Ha pa3pyllaBaHe MPU MPOIBIDKUTETHO MPOMHBAHE
OYCBHUJIHO € MO-BUCOKA OTKOJKOTO NPHU peasiHu mpobu oT xpaHunuineto. [IpoMsHara Ha KoehHUIIMEHTa HA CUTYPHOCT €
MaJika, KOraTo HHBOTO Ha Bojute ¢ mox 230 m. To3u xoeduilMeHT HamMassiBa 3HAYUTEIHO, KOTaTO HUBOTO Ha BOJUTE
noctura 230 M. ¥ TpoAbIKaBa Jia HaMalsBa, KOraTo HUBOTO Ha BOJHUTE B XBOCTO-XPAaHWIHIIETO ce mokadBa. OcBeH
TOBa HaKJIOHA HAa HACUMa OT TBBPAM OTMAIBIM 3all0YBa J1a CE CBIMYA C NOBWIIABaHE Ha BOJHOTO HHBO B XBOCTO-
XPaHIITUIIETO.

1083



