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ABSTRACT 

 

Usually equal dynamic factor of safety in slopes are calculated by combination of equivalent linear 
dynamic analysis and Newmark method. Evaluation of equal dynamic factor of safety in different 
water table elevation is important because of continues using of water in dam reservoir. To achieve this 
goal, Masjed Soleiman dam for a case study has been selected. Finite Element model of Masjed 
Soleiman dam has been constructed. First, layer analyses have been carried out considering 12 layers in 
end of construction stage. Then, this analysis has been continued considering water table and weight of 
dam reservoir. 2 earthquake records have been applied horizontally to the bedrock for dynamic 
analysis. For study of water table elevation effect, 10 models have been used with different water table 
elevation. In this study, to perform stability analysis and calculate the factor of safety, critical sliding 
surface reported by the consultant engineers has been considered. Finally, for critical sliding surface, 
equal dynamic factor of safety derived from factor of safety in time domain and then has been 
compared static factor of safety. Result shows that, equal dynamic safety factor in downstream critical 
slice surface has been increased as increasing water table elevation. Even equal dynamic factor of 
safety in upstream critical slice surface has been decreased to 0.6 height of dam and for another has 
been increased. 
KEY WORDS: Embankment Dams, Masjed Soleiman Dam, Dynamic Analyses, Newmark Analyses, 

Water Table. 
 

INTRODUCTION 
 

Before mid-1960s, most slopes were analyzed by pseudo static method against earthquake loading. In 
this method, factor of safety of sliding surface had to be at least 1 with considering the horizontal coefficient of 
acceleration. But nowadays using of Newmark method accompany equivalent linear dynamic analysis is a 
common method for identifying the stability of embankment dams in earthquake condition. Because of transient 
condition of earthquake loading and variation of acceleration direction in a very small period of time, sliding 
mass may have a factor of safety less than one in time domain. Seismic stability of dams is an important 
segment of dams design process. Also this segment is more complicate. Water table elevation in dam reservoir, 
effects on dam seismic behavior. So many researchers for example Dinka et al. (2004), Steffen and Kaufmann 
(2006), Peinke et al. (2006) and Akkose et al. (2008) researched about the effect of water table elevation on dam 
seismic behavior [1,2,3,4]. Development of many suitable methods for study seismic behavior of dam has 
completed standpoint of dam engineers. In this paper, the effect of water table elevation in reservoir on dam 
seismic behavior has been evaluated considering Masjed Soleiman dam for a case study.  
 

LAYER ANALYSES 
 

In order to perform static and dynamic analyses, Masjed Soleiman dam has been modeled with critical 
cross section, based on the proposed sections in the technical plans of the dam, extracted in which the height of 
the model from the foundation and width of crest have been simulated as 170m and 15m, respectively. The 
design of the dam and power plant of Masjed Soleiman in Khouzesstan province on the Karoun River and on the 
stiff Conglomerate with interbedded clayey seams has been constructed. The body of dam with the volume of 
13.5 million cubic meters, height of 177m from the foundation, the length of crest of 480m and the width of 
crest of 15m, the width of dam in foundation 780m and the volume of excavation 1.8 million cubic meters has 
been constructed [5]. 

The static analysis of Masjed Soleiman has been carried out considering the elstoplastic constitutive 
model with Mohr-Coulomb criterion in the final stage of construction and the steady seepage stage. At the end 
of the construction, the embankment dam is still undergoing internal consolidation under its own weight. Stage 
construction has been done after realizing insitu stress in the dam foundation. Then displacement of foundation 
has been considered zero. Number of layer is an important parameter in this step of analyses. Eisentein et al. 
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(1972) have showed that 10 layers is an adequate number of layers for making a good model [6]. Elgamal et al. 
(1987) proposed that 8 layers for modeling was the best assumption [7]. Ultimately in this paper, 12 layers have 
been used for making of the model. Table 1, shows the properties of the used materials in the staged 
construction analysis and figure 1 illustrates the finite element model of masjed soleiman dam. 

 
Table 1: The properties of materials in the staged construction analysis [5] 

Zone 
C 

(kpa) 
Φ ν 

Ρ 
(kg/m3) 

ψ 
E * (105 kPa) 

12m 31m 43m 93m 148m 
Core 50 10 0.34 2050 0 - 0.3 - 0.7 1.6 
Upstream Shell 0 45 0.4 2350 22 0.86 0.64 - 1.09 1.33 
Down Stream Shell 0 37 0.38 2200 18 - - 0.7 1.02 1.3 
Saturated Filter 0 40 0.36 2350 0 - 0.49 - 0.94 1.44 
Wet Filter 0 40 0.36 2200 0 - 0.7 - 1.06 1.55 
Foundation 700 30 0.3 2500 - 3.8722 

 

 
Figure 1: Finite element model of masjed soleiman dam 

 
STEADY SEEPAGE ANALYSES 

 
Steady seepage develops after a reservoir pool has been maintained at a particular elevation (e.g., 

maximum storage pool) for a sufficient length of time to establish a steady line of saturation through the 
embankment. Steady seepage stage comes up after the constant flow of water is maintained. In this 
condition, effective stresses and pore pressures remain constant in their limiting values. This condition 
occurred after some years.  

In the general manner, there are two types of stress analyses that are used in the evaluation of existing 
and proposed embankments. These are the total stress analysis and the effective stress analysis. The total stress 
analysis is used in the design of embankments for loading conditions during construction, rapid drawdown, and 
earthquake. The effective stress analysis should be used only in cases where the soils behave drained and 
piezometer data are available. In this research the effective stress analysis for steady seepage condition has been 
used. Properties of the used materials in the steady state seepage are same for end of construction stage that 
noted in table 1 except internal friction angle that is equal 19 and cohesion is equal 40.  
 

DYNAMIC ANALYSES 
 

2 earthquake records of Loma prita-1989 and Northridge-1994 in the far field condition have been 
applied horizontally to the bedrock as the input motion for dynamic analysis. Properties of the employed 
accelerometers are presented in table 2 and figure 2. 
 

Table 2: Properties of the applied earthquake records in dynamic analyses [8] 
Record Year Magnitude 

Epicentral Distance  
(km) 

PGA 
(g) 

PGV 
(cm/s) 

PGD 
(cm) 

Loma Prieta 1989 6.93 92.21 0.0726 7.98 3.01 
Northridge 1994 6.69 90 0.0645 4.44 0.73 
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Figure 2: Time history of the far-domain earthquakes used in this research [8] 

 
In this study, 5 water table elevations considered, details can be observed in table 3. For these 10 

models, all analyses have been done and then water table elevation effect has been investigated. 
 

Table 3: Details of models with deferent water table elevation 
Earthquake records Water table elevation (meter) 

33 66 99 132 165 
Loma prieta-1989            
Northridge-1994           
 

Dynamic properties for the body of dam, core materials, shell and filters have been extracted from the 
reports presented by the consultant of the project as can be observed in table 4. 

 
Table 4: Material properties used in the dynamic analyses [5] 

Zone 
C 

(kpa) 
φ ν 

Ρ 
(kg/m3) 

Ψ 
E * (106 kPa) 

12m 31m 43m 93m 148m 
Core 40 19 0.45 2200 0 - 2.23 - 3.85 4.214 
Upstream Shell 0 45 0.4 2350 22 - 2.35 - 2.99 3.15 
Down Stream Shell 0 37 0.4 2200 18 0.88 - 3.85 5.4 5.8 
Saturated Filter 0 40 0.4 2350 0 - 1.34 - 1.71 1.82 
Wet Filter 0 40 0.4 2200 0 - 1.74 - 3.07 3.3 
Foundation 700 30 0.3 2500 - 10.92 

 
NEWMARK ANALYSES  

 
The semi empirical methods for estimating permanent earthquake-related deformation of slopes 

examined in this study are based on the sliding block framework (Newmark, 1965). This conceptual framework 
approximates the potential sliding mass as a rigid body resting on a rigid sloping base. When the magnitude of 
down slope earthquake acceleration drops back below the mobility threshold, the sliding mass would decelerate 
because of cohesive-frictional resistance and eventually may lose mobility. To obtain the magnitude of 
incremental, relative, down slope displacement of the sliding mass for the earthquake acceleration pulse that 
mobilized it, the instantaneous relative velocity is integrated against time. The total, relative, down slope 
displacement of the sliding mass is then estimated by summing up all such incremental relative displacements 
over the entire duration of earthquake [9]. To perform stability analysis and calculate the factor of safety in 
ultimate stages, critical sliding surfaces reported by the consultant engineers have been considered. The 
locations of mentioned sliding surfaces are depicted in figure 3. 

 

(a) (b) 
Figure 3: Location of the analysis sliding surface 
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Also altered factor of safety in time domain for 2 critical sliding surfaces can be observed in figure 4 
and 5. All figures show altered factor of safety with water table elevation (99m) for 2 earthquake records 
(Northridge-1994 and Loma prieta-1989). 
 

   
Figure 4: Factor of safety in time domain for downstream wedge (water table = 99m) 

   
Figure 5: Factor of safety in time domain for upstream wedge (water table = 99m) 

Equal dynamic factor of safety in this study, has investigated with Ghanbari et al, (2008) proposed 
method. In this method, all factor of safety in time domain that less than static factor of safety (in downstream 
wedge is equal 1.63 and for upstream wedge is equal 2.16) have been considered, then averages of them have 
been named equal dynamic factor of safety. Then equal dynamic factor of safety can be criteria to investigate 
factor of safety in time domain [10]. Manner of definition equal dynamic factor of safety earning in time domain 
have been showed in figures 6 and 7. 

   
Figure 6: Manner of definition equal dynamic Factor of safety for downstream wedge (water table = 99m) 
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Figure 7: Manner of definition equal dynamic Factor of safety for upstream wedge (water table = 99m) 

In this research for 5 water tables elevation, equal dynamic elevation accounted and manner of 
changing equal dynamic factor of safety for different water table elevation in figure 8 presented.  

 

   
(a) (b) 

Figure 8: changing of equal dynamic Factor of safety (a) downstream wedge (b) upstream wedge 
 

Equal dynamic factor of safety in downstream wedge have increased with increasing of water table 
elevation, but Equal dynamic factor of safety in upstream wedge has decreased with altering of 33meter to 99 
meter water table elevation and then increased with altering of 99 meter to 165 meter water table elevation. 
Equal dynamic factor of safety with increasing of water table elevation of 33 meter to 99 meter, near 12 percent 
decreased, and then with increasing of water table elevation of 99 meter to 165 meter, near 6 percent increased.  
 

RESULT 
 

This research has been done considering Masjed Soleiman dam as a case study and also 10 finite 
element models has been constructed considering 2 deferent motion records for bed rock as input for dynamic 
analyses. Result shows that, Equal dynamic factor of safety in downstream critical slip surface has increased 
when water table elevation increased. But in upstream critical slip surface decreased when water table elevation 
increased to 0.6 height of dam and then Equal dynamic factor of safety decreased. So water table elevation in 
upstream wedge is in critical condition when water table elevation equal 0.6 height of dam. 
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