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Abstract: Problem statement: A number of tailings earthen dams have failed miyripast
earthquakes. The failure of tailings dam ultimatedgults into the release of the stored tailingsteva
deposit in the surrounding locality. To reduce sdamage of tailings earthen dam, a detail method of
seismic analysis is very much essential which caruged reliably for the design and construction.
Approach: To establish a detail method of static and seismialysis for a tailings earthen dam, in
this study both the static and seismic analysisevparformed for a typical section of tailings earth
dam. The whole analysis was performed using varimisvare packages like FLAE, TALREN 4,
SEEP/W and SLOPE/WResults: After FLAC®® analysis it was observed that under the seismic
loading condition the maximum displacement of tlzandis about 66.7 cm, whereas by using the
Makdisi-Seed method the maximum displacement waairdd as 57 cm. FLAE analysis showed
that the base level input acceleration gets amaplifiith the height of the dam and at the crest linee
amplification is about three times. After slopebdlity analysis under seismic loading it was fouthelt

the factor of safety is 0.89, but under the statialing condition the minimum value of factor ofets

was obtained as 1.2€onclusion/Recommendation: From this analysis it was clear that the dam was
unsafe under the seismic loading.

Key words: Tailings earthen dam, seepage, amplification oklcation, displacement magnitude,
slope stability

INTRODUCTION can take care of the fact that the shear modulesiith
or rock-fill dams is not constant but increaseshvit3-
As per ICOLDY several tailings earthen dams havepower of depth from the crest.
failed during past earthquakes. The failure ofirngs Clough and ChopR introduced the finite element
dam ultimately results into the release of the extor method for two-dimensional plane-strain analysis fo
tailings waste deposit which often fairly dangerousevaluating the dynamic response of an embankment
because of the level of toxicity or corrosivitylmsth to  assuming that it consists of linearly elastic,
human life and other living beings. To reduce suchhomogeneous, isotropic materials. Later on, several
damage of tailings earthen dam, a detail method obther researchers developed the finite elemenfiaite
seismic analysis is very much essential which can bdifference method for non-linear, inelastic, non-
used reliably for the design and construction. homogeneous, anisotropic behavior of materials unde
From the literature review it is found that sitbe  seismic conditions. Zeghal and Abdel-Ghdffar
beginning of 1920s and up to 1960s ‘Pseudo-statiproposed a local-global finite element method of
method’ of analysis is most popular. But this metti® analysis for determination of the non-linear setsmi
too much simple and it dose not take into accohet t behavior of earth dams. Ming and™®i conducted a
nature of the slope-forming material or the fourmat fully coupled finite element analysis of failure lafwer
material. In the year 1965, based on deformatioran Fernando Dam and examined the possible reéson o
characteristics, Newmdt® proposed ‘Sliding block the dam failure.
method’. Among other methods, ‘Shear beam model’ Rapid development of computer programs has
analysis is quite well known. This method wasrevolutionized the earthquake engineering resedtch.
introduced by Mononob®. Gazetad proposed an example, several computer programsiik&*®are used
improved ‘Inhomogeneous shear beam model’ whictworldwide for the rigorous seismic analysis of bart
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dam. Seid-Karbasi and Byfhéand Piacet al.* carried

The dam with its various components is modeled in

out dynamic analysis of the earthen dams using th€LAC® as shown in the Fig. 2. After modeling and
finite difference method based computer code FLACapplying the proper boundary conditions and thgaini
Zhu et al.”?? have presented a two-dimensional seismicconditions the seepage analysis is performed. Tifyve

stability for a levee embankment using finite elame
based program Plafis and Teldyn. Though the

the phreatic surface obtained by FLRCcomputer
program, the same section is modeled in the SEEP/W

computer programs are being used widely, propesoftware.

validations of these results by suitable analytiaat
experimental results are always necessary.

After simulating the phreatic surface in FLECat
first the static analysis under only the gravitgding is

To establish a detail method of analysis for aperformed. Then the seismic analysis is perfornred.

tailings earthen dam, in this study both the statid
seismic analysis is performed for a typical sectidn
tailings earthen dam. The whole analysis is peréatm
using various software packa?es like FRCTALREN
4% SeepP/Mf! and SLOPE/W!. Among these FLA®
(Fast Lagrangian Analysis of Continua in 3 Dimensijo
ltasc&”) computer program is used widely.

MATERIALSAND METHODS
The static and seismic analysis of a typical secti

of water retention type tailings earthen dam ofm4
height and with a central core of 4 m is perfornmed

the entre FLAC® analysis the Mohr-Coulomb
plasticity model is used. In case of the seismialyais
the input acceleration time history is used atlthse of
the dam model for 30 sec was of Taft earthquakst(21
July, 1952) having magnitude of 7.7. The N21E
component of the Taft earthquake with 1.527 msec
(=0.15 g) maximum horizontal acceleration is shown
in Fig. 3. The applied vertical acceleration is #ihe
horizontal acceleration. For seismic analysis the
earthquake excitations are given in various
combinations. Such as “positive x acceleration glon
with positive z acceleration”, “positive x acceléoa
along with negative z acceleration”, “negative X

this study. The slope of the upstream and theacceleration along with positive z accelerationd an
downstream side of the dam is 1:2.5. Figure 1 show%nly positive x acceleration”. The damping ratibtloe
the tailings dam section. The input parameters used materials under seismic conditions is considerethén
the analysis presented in this study are showrhén t FLAC®* analysis as 0.05.

Table 1.

Crest

Pond tailings

Core
— 4

5 Foundation soil layer
r Existing

ground level

Fig. 1: Diagram of a typical tailings earthen dam

Table 1: List of dam parameters

Dam soil

Pond Compacted Foundation
Parameter Shell Core tailings tailings soil layer
Unit weight (kN m®  18.30  16.40 19.00 19.00 18.30
Cohesion value (c) (kPa) 31.25  35.00 14.70 14.70 231
Angle of internal 28.00 28.00 12.00 15.20 28.00
friction (¢)
Shear Modulus (MPa) 190.25 53.56 45.64 95.39
Poisons ratio 0.30 0.40 0.35 0.35
Porosity 0.30 0.25 0.25 0.25 0.30
Permeability (k) (m s€&) 1e-8 le-10 1le-8 le-8 le-8
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To retain the non-reflecting seismic wave properti Table 2 shows the maximum displacement of the
the dynamic free-field boundaries are establishgd btailings dam under various conditions of seismic
using the ‘apply ff’ command. From the seismic ggizl loading obtained in FLAE® analysis.
the displacement, acceleration time history, SB®ss Figure 7 shows the contour of displacement

strains at various locations of the dam for the tmosmagnitude after seismic analysis. It is observed tihe
critical load combination were obtained. The maximu maximum displacement magnitude is 66.7 cm in the
displacement magnitude obtained by FI*R@nalysis is
compared with the maximum displacement obtained b
the Makdisi and Se€method.

The static slope stability analysis is performed
using FLACP, TALREN 4 and SLOPE/W. The
minimum Factor of Safety (FS) value under the s&ism

crest region of the dam. Figure 8 shows the defdrme
%¥hape (magnified twenty times for clarity) of thedg
after 30 sec of earthquake shaking.

Table 2: Maximum displacement for various seismioadl
combinations applied at the base

loading condition is obtained using the TALREN 4 Maximum displacement (m)

software Fackage. Based on the recommendations maggsitive x- Positive x- Negative x-

by See&e, Terzang'O] and Marcusdh” the horizontal acceleration and acceleration and  acceleration &uasitive x-
seismic coefficient (§ value is chosen as 0.15 for the Positive z negatve z- positive acceleration

. . . . . -acceleration acceleration z-acceleration only
TALREN 4 analysis. The vertical seismic coefficient ;e 0594 0.549 0.527

(ky) value is applied as 50% of the horizontal seismic
coefficient (k) value = 0.075. The Yield acceleration o

for the tailings earthen dam is also determinedh@isi  displacemen mae.
TALREN 4 ldagfaﬁﬂﬂﬂ?#ﬂ?ﬂl

RESULTS

The phreatic surface obtained from the FEAC [?
seepage analysis showed very good similarity with t Aol W 41000 02
phreatic surface developed in SEEP/W analysis.r&igu Interval = 5.0e-003
shows the contour of the pore water pressure from
FLAC®® seepage analysis. Figure 5 shows the phreati€ig. 6: Contour of displacement magnitude (in nigmaf
surface obtained in SEEP/W analysis. Figure 6 shbes static analysis
contour of displacement magnitude after staticyaiin
FLAC®®. From the static analysis after application of  couteror

gravity loading the maximum displacement in thestre  displacementmag
. P Magfac = 1.0006+000

of the dam after static analysis is about 3.5 cm. Ly mec s soun
2.9845¢-004 to 1.0000e-001
1.0000e-001 to 2.0000e-001
2.0000e-001 to 3.0000¢-001 z
3.0000¢-001 to 4.0000e-001
4.0000¢-001 to 5.0000e-001
5.0000e-001 to £.0000e-001
6.0000¢-001 to 6.5721e-001

Interval = 1.0e-001

Counter of pore
sure

Fig. 7: Contour of displacement magnitude (in nt¢@af

Tnterval = 3.0¢-004 seismic analysis
Fig. 4: Contour of pore water pressure (in N%m Surface
obtained using the FLAE seepage analysis Magfac = 1.000e-000
Live mech zone shown
s L Phreatic surface Sketch

Magtac = 2.000e+001

Exaggerated grid distortion
Live mech zone shown

Elevation

0 20 40 60 80100 120140 160 180 200220 240 260280 300320 340 Linestyle
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Fig. 5: Phreatic surface obtained after SEEP/Wagep Fig. 8: Deformation after 30 sec of earthquake sigak
analysis (magnified twenty times for clarity)
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FLAC3D3.10
£2006 Itasca Cansuiting Group, Inc

Table 3: Peak horizontal acceleration values dbuarheights of the
dam
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1.793 2.27 3.656 4.765
Table 4: FS values for static slope stability

Factor of Safety (FS) values

FLAC® TALREN 4 SLOPE/W
1.22 1.34 1.386

3.0

ltasca Consulting Group, Inc.

Minneapolis, MN USA 10 20 30

%101 Dynamie time (sec)

Fig. 9: Acceleration Vs dynamic time history at the
crest level of the dam in x-direction

............

Fig. 10: Static slope stability analysis using TAER4

Table 3 shows the peak acceleration values in th
x-direction obtained at various height of the ddftera
the FLACP seismic analysis. Figure 9 shows the
acceleration vs dynamic time history in the x-dii@t
at the crest level of the dam.

Table 4 shows the result of the static slope ktabi

Pond tailings

0.8%

Fig. 11: Seismic slope stability analysis
TALREN 4 for k, = 0.15 and k= 0.075

using

DISCUSSION

It is clear from the Table 2 that for the “positix-
acceleration along with positive z-acceleration’ssgec
load applied at the base of the dam foundation the
displacement magnitude is the maximum. So this
condition is the most vulnerable to the tailingstkean
gdam. For this reason, the results of seismic aigalys
discussed here for that load combination.

By doing FLACP programming the value of
fundamental period (@) of the dam is obtained as 0.34
sec. Using the Yield acceleration value of 0.1 d te
maximum acceleration value obtained by FLIRC

performed in three different software packagesanalysis as 4.765 m sé¢0.486 g) along with the value

(FLAC®, TALREN 4 and SLOPE/W). Figure 10
shows the Factor of Safety value for the statigpelo
stability analysis along with the critical slip fage
found after TALREN 4 analysis. The minimum value
of Factor of Safety under seismic loading condition
using TALREN 4 is found as 0.89. Figure 11 shoves th

of fundamental period of 0.34 sec the permanent
maximum displacement by the method proposed by
Makdisi and Se€d is obtained as 57 cm.

CONCLUSION

Factor of Safety value for the seismic slope sitgbil From the results of the seepage analysis it can be
analysis along with the critical slip surface fousiter = concluded that the finite difference method based

TALREN 4 analysis. The Yield acceleration value FLAC®P and finite element method based SEEP/W give

obtained as 0.1 g using the TALREN 4. similar results.
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After static and seismic analysis in FL&Qt can 5.
be concluded that seismic loading has its sevdeetef
on the deformation of the dam. It is found that the
maximum displacement in the crest region aftemsieis
analysis is about 19 times higher than that after t
static analysis. It is also found that the maximum
permanent displacement after the seismic analysis
obtained in FLAGP (66.7 cm) is little higher than the 6.
result (57 cm) obtained using the method of
determining the permanent displacement proposed by
Makdisi and Seéd.

From the acceleration time history at various7.
heights of the dam obtained by FLAGanalysis shown
that the base level input acceleration get amplifigth
the height of the dam and at the crest level the
amplification is about three times.

After static slope stability analysis using FLRC 8.
TALREN 4 and SLOPE/W it can be concluded that the
FLAC®® is giving the minimum value of Factor of
Safety as 1.22 for the tailings earthen dam. Wiserea
under the seismic slope stability analysis perfarme 9.
using the TALREN 4 is giving a Factor of Safetyual
of 0.89 only. But as per S&&d under the seismic
loading condition the minimum value of Factor of
Safety should be 1.15. Therefore, finally it can be
concluded from this analysis that the tailings teamt
dam is not safe under the condition of seismicilogd
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