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Abstract

Introduction: The present study examines the influence of the position of clay core on the stability of
the upstream slope in the conditions of rapid discharge of the reservoir. The position of the clay core in
earth dams is always one of the most challenging issues in the design of earth dams. Using incliend cores
instead of vertical cores has always been one of the key options in the minds of designers and
implementation engineers. Investigating the possible effects of the clay core position in the earth dams
can make decision making easier and more accurate. The findings of this study contribute to the existing
body of knowledge in the field of geotechnical engineering and provide valuable insight for engineers
and policy makers who involved in the design, construction and maintenance of the earthen dams. The
aim of the present study is to increase the safety and reliability of these essential infrastructure assets by
addressing these critical aspects of dam sustainability.

Methodology: The Seydon Reservoir Dam, a significant engineering project, is currently under
construction approximately 40 km southeast of Baghmolek, situated on one of the main branches of the
Ala River in Khuzestan province. Seydon's earth dam is an earth type with a clay core, with two filters
located at the bottom and top of the core. The type of clay core material in terms of classification of soils
is CL type, whose width reaches 45 meters at the bottom of the dam and 7 meters at the top of the dam.
The filter and drain material are of SM type, which is placed on both sides of the core. The materials of
the dam body are mostly of GP-GM type and have a slope of 1 to 2.5 in the upstream and 1 to 2 in the
downstream.

A deterministic safety factor measures the margin of safety in a system when input variables are at their
average or expected values, providing a baseline safety measure disregarding variability. However, real-
world inputs seldom align exactly with mean values, making this measure insufficient in capturing risks
and uncertainties. Hence, probabilistic or stochastic approaches are necessary to consider variability and
uncertainty, offering valuable risk insight. The reliability index, crucial in slope stability assessment post
probabilistic analysis, quantifies the safety margin by gauging the separation between the mean safety
factor and the critical value.
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The Latin Hypercube sampling technique was employed to generate samples of input variables from
their probability distribution, utilizing 1000 samples. This technique offers the advantage of yielding
results comparable to Monte Carlo simulation but with fewer samples, making it an efficient choice for
reliable analysis and risk assessment.

Results and Discussion: In probabilistic slope stability analysis, each overall sliding surface is subjected
to multiple iterations of stability calculations using samples generated for each random variable. Each
iteration represents a distinct combination of input variables based on the sampling technique employed.
A stability analysis is performed for the overall minimum slip surface of each case, resulting in the
calculated factor of safety (N), where N represents the number of samples. The Latin hypercube
sampling method was used to generate samples of the input variables from their probability distribution,
with 1000 samples. The results show that 1000 samples are enough to calculate the safety convergence
coefficient.

The probabilistic minimum confidence slope method in Slide2 for probabilistic slope stability analysis
involves repeating the search for the minimum overall slip surface N times, where N represents the
number of samples generated for the random variables.. In each iteration, a new set of random variable
samples is applied and the search for the minimum slip surface with the lowest reliability is performed.
This iterative process, taking into account the variability and uncertainty associated with the input
parameters, allows for a complete exploration of possible failure surfaces in the slope mass.

Conclusion: The research results are as follows.

1- Moving the clay core from the upstream side to the downstream side of the dam increases the safety
factor and reliability of the upstream side.

2- The results of the analysis of global probabilities show that in cases 1 and 2 of placing the clay core
(on the upstream side of the dam), the reliability index of the slope is lower than the value of 2. While
in other situations, this index is always more than 3.

3- The results of the analysis of global probabilities show that, contrary to the idea, in some cases of core
placement (cases 4 and 5), the lowest safety factor occurs in a time less than the time of drawdown.

4- The results of the minimum Reliability slope analysis show that the critical slope in this case is not
the same as the global probabilistic analysis. The safety factor value is higher and the RI value is lower.
Only in the case of core number 3 and 4, the reliability index was greater than 2.5 at all times.

5- The results of the sensitivity analysis show that the friction angle of the shell material will have the
greatest effect on the safety factor of the dam slope in all situations of transient analysis times.

6- The results show that in cases 1 and 2 of core placement, the unit weight of the shell material has the
highest linear correlation with the upstream safety factor. Meanwhile, for the rest of the core position,
the most linear correlation is between the shell friction angle and the upstream safety factor.
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Fig. 2 Location of Seydon Dam
2
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Table 1 The characteristics of Seydon Reservoir Dam
(Khuzestan Water And Power Authority, 2010)

Slide2

Dam Characteristics Value
The Total Volume Of The 65.9 Million Cubic
Reservoir Meters
Useful Volume 50.5 Million Cubic
Meters
1290 M Al
Normal Level e
Sea Level

Minimum Exploitation Level

The Total Land Area Of The
Seydon Network
The Regulatory Water Volume
Of The Seydon Dam

1245 Meters From The
Open Sea Level

15,668 Hectares

6.77 Million Cubic
Meters

1. Rapid Drawdowm
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Table 2 The material properties of different parts of the dam
Material Unit Weight Cohesion Phi Phib Air Entry Ks
Strength Type
Name (kN/m3) (kPa) (deg) (deg) (kPa) (m/s)
Mohr-
Core 20.7 40 23 10 19.6 4¢-08
Coulomb
Mohr-
Filter 20 onr 0 35 20 15 0.001
Coulomb
Mohr- 1.25¢
hell 21. 0 44 22 5
She ? Coulomb -05
o
1.0e- 0.5
1.0e-064
5 10074 - N
& 1.0e-08f g 0.4
s s / core
§ 1.0e-114 % 0.3+
g Jponsi 7 fiter z 02 7 filter
>: 1.0e-144 ° T
£ 1.0e15% E
: oo 3 sshen 3 g4t / shell
1.0e-184
1.0e-194 0 { | | | I
0001 v + t + "o e 0001 001 0.1 1 10 100 1000
Matric Suction (kPa) Matric Suction (kPa)

Fig. 3 The permeability coefficient and Volumetric water content in terms of soil suction for different materials of Dam
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Table 3 Upstream and Downstream slope of core
Case Upstream slope of Downstream slope of § @ ctay
core(H:V) core(H:V) s P
1 1.75:1 1.4:1 o sand
2 1.35:1 1:1
3 1:1.86 1:2.2 soufoand)  anv (lay)
4 1:3 1:18 ) Matric Suction
5 1:13.3 122 Fig. 4 Effect of air entry value (AEV) on unsaturated
S — shear strength envelopes (Fredlund, 2000)
(AEV) 4
(Fredlund, 2000)
o N '
! 2
3 4
g/ /
T
5
Fig. 5 All cases of the position of the clay core
5
(3)
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Table 4 Relationship between probability of failure, and
reliability index
Reliability Index  Probability of failure
01 (cov) 1 0.16
5 1.5 0.023
2 0.0027
2.5 0.0006
1000 3 0.0001
4 3x103
3x107
3
-3
-1-3
(Gao et al. 2018)
USACE, 2016; USBR, 1990; )
(1) :(Environment Agency, 2017a,b (cov)
@ . @) )
(w)
(1) (RDD)
790 710 4)
[(Prentice, 2005) 4 7
(2) RDD cov =2 )
15 3 50
Combelles et ) 28 25 (cov)
al.,1985; Alonso and pinyol, 2009; Gosden et al.,
(3) RDD (2014 Akbas & Kulhawy (2010)
4.0 0.1 5-15% Pham (2001)
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Table 5 Statistical parameters of dam materials

Name Property Distribution Mean Std. Dev. Rel. Min  Rel. Max
Core Cohesion Lognormal 40 4 12 12
Phi Lognormal 23 23 6.9 6.9
Unit Weight Lognormal  20.7 2.07 6.21 6.21
Filter Phi Lognormal 35 3.5 10.5 10.5

Unit Weight Lognormal 20 2 6 6

Shell Phi Lognormal 44 4.4 132 13.2
Unit Weight Lognormal  21.9 2.19 6.57 6.57

(al., 2008

365 240

-2-3

Fig. 6 Result of transient analysis (case5)
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Fig. 8 The results of Global probabilistic analysis in transient analysis conditions
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RELIABILITY INDEX
P

Fig. 9 Comparison of the safety factor and Reliability index in all cases of core position investigation

200
TIME [DAYS]

6

Table 6 Results of Global probabilistic analysis in

transient conditions

F.S
Time [d] | Casel Case2 Case3 Case4 Caseb

0 2.02 2.19 2.29 2.29 2.29

1 1.71 1.83 1.96 1.97 1.97

5 1.49 1.50 1.62 1.60 1.58

15 1.03 1.23 1.58 1.65 1.65

30 1.36 1.55 1.95 2.12 2.08

60 1.56 1.68 2.10 2.35 2.32 )
120 1.65 1.74 2.17 2.48 2.47
240 1.71 1.79 2.19 2.52 2.54
360 1.72 1.80 2.19 2.54 2.56

RI
Time[d] | Casel Case2 Case3 Case4 Caseb

0 6.95 6.85 5.36 5.36 5.36

1 4.85 4.95 4.15 4.19 4.18

5 2.84 3.09 2.61 2.54 2.43

15 0.23 1.64 2.94 3.85 2.86

30 3.99 433 5.09 4.95 4.73

60 6.26 5.76 5.96 5.86 5.64
120 7.06 6.36 6.29 6.33 6.23 Slide2
240 7.52 6.76 6.4 6.52 6.43 N
360 7.72 6.89 6.46 6.61 6.52

N

RI (10 ) F.S

—+—Casel —B—Case2 —A—Cased —w—Cased —¥—Case$
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Deterministic Global Minimum
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RI (normal) = 2.415
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Stage 3 [15 days]
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FS (mean) = 1.682

PF = 0.400%

RI (lognormal) = 2.906

Fig. 12 An example of comparing the results of the Global probabilistic method and the minimum Reliability method
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Fig. 13 Results of the sensitivity analysis for case 1 of core placement during the Transient analysis
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Fig. 14 Results of the sensitivity analysis for case 2 of core placement during the Transient analysis
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Fig. 16 Results of the sensitivity analysis for case 4 of core placement during the Transient analysis
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Fig. 18 Correlation between the factor of safety and material properties of dam in all cases
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