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Abstract  The amount of seepage which crosses the body of earth dams is considered by 
several scientists. Despite of these researches and studies that carried out by technical 
experts and scientists, still the effect of positioning horizontal filter blankets on two and 
three dimensional seepage analysis are not analyzed in full details. In this paper, the effects 
of variation in the location of the horizontal filter blankets are studied. The results showed 
that the amount of flux is greatly influenced by the place of the horizontal filter blanket and 
it has more effect on flux in three-dimensional models than that of two-dimensional ones. 
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عليـرغم مطالعـات و   . ميزان نشت عبوري از بدنه سدهاي خاكي مـورد توجـه بـسياري از محققـين بـوده اسـت                  هچكيد
تحقيقات گسترده توسط كارشناسان و محققين، هنوز تاثيرات موقعيت زهكش افقي بر روي نـشت دو بعـدي و سـه بعـدي                        

ات تغيير در موقعيت مكاني زهكش افقـي مـورد مطالعـه قـرار              در اين مقاله اثر   . مورد تجزيه و تحليل كامل قرار نگرفته است       
نتايج نشان ميدهد كه موقعيت مكاني زهكش افقي اثر قابل توجهي بر روي آناليز نشت در بدنه سدهاي خـاكي                    . گرفته است 

  .  همچنين مكان زهكش افقي در مدلهاي سه بعدي تاثير گذار تر از مدلهاي دو بعدي است. دارد
  

  
  
 

1. INTRODUCTION 
 
One of the main criteria for designing an earth dam 
is the amount of seeping water through its body. 
Hence an accurate estimate of the amount of 
seeping water is very important from the 
economical and technical view points.  
Flow of water in the body of an earth dam causes 
seepage forces, pore water pressure and hydraulic 
gradients. If these forces exceed allowable ranges, 
they may develop some problems such as 
instability of slopes, piping, etc, which may 
ultimately lead to failure of the dam.  
Thus, seepage analysis in the design of an earth 
dam is also important from the safety purpose. 
Therefore, an accurate analysis of seepage is 

crucial. Because of some difficulties in three-
dimensional seepage analysis, for practical 
purposes, a two-dimensional analysis is usually 
carried out in a typical cross section of dam. 
However, this simplification can mislead 
especially when dam has a horizontal filter blanket 
in its down stream side. 
In such cases, because of the implication of water 
flow, a two-dimensional seepage analysis will not 
yield good results; thus very high safety factors 
have to be adopted which is not economical. 
Kozeny [cited in Kashef [1]] developed a method 
to calculate flux in earth dams with horizontal filter 
blanket, using a kind of conformal mapping 
techniques. Following him, other investigators 
such as Lacy [2] introduced procedures to better 
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estimate of flux but they all failed in a correct 
manner.  
In this paper, three dimensional seepage analyses 
have been performed for homogenous earth dams 
with horizontal filter blanket. Also two-
dimensional seepage analysis has been carried out 
for these dams. The results have been compared 
with Kozeny’s solution and a new model is 
introduced which can estimate the amount of flux. 
 
 
 

2. THEORY 
 
An earth dam section abcd is shown in figure (1) 
with horizontal filter blanket along the base, which 
drains the seepage water. If this blanket does not 
exist, the free surface emerges at the dawn stream 
slope. Because the horizontal filter blanket is in 
contact with atmosphere pressure, it directs all 
flow lines within the body of earth dam away from 
the dawn stream surface, increasing its stability 
and preventing erosion along the dawn stream face. 
Kozeny found a mathematical solution. In 
Kozeny’s method, two complex planes z  (Figure. 
1) and w  (Figure. 2) are defined as follows 

iyxz +=                                                       (1) 
Ψ+Φ= iw                                                    (2) 

 
The z  plane includes the true section, and the w  
plane represents the relationship between Φ  and 
Ψ as related to the true section.  
The solution requires that a square flow net in the 
w  plane (real squares) correspond to the final flow 
net in the z  plane, consisting of curvilinear 
squares. 
In order to transform the exact squares drawn on 
the w  plane to the real section ( z  plane), there is 
a mapping function between both. Kozeny found 
that the mapping function of this problem is 
expressed bye: 
 

2wcz =                                                            (3) 
 
Where in equation (3) c is constant. From (1), (2) 
and (3), we can drive: 
 

ΦΨ+Ψ−Φ=Ψ+Φ=+ icciciyx 2)()( 222    (4)  
 
Therefore: 

  
  

Figure 1. earth dam with horizontal filter blanket 
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)( 22 Ψ−Φ= cx                                                   (5) 
ΦΨ= cy 2                                                        (6) 

 
In order to find the constant c, it is noted that the 
flux surface AC0B (Figure. 1) has the condition 

q=Ψ  and ky−=Φ .  
Substituting these values in (6), the c value can be 
determined as follows: 

kq
c

2
1

−=                                                       (7) 

Substituting the value of c from (7) in (5) and (6), 
we get: 
 

)(
2
1 22 Ψ−Φ−=
kq

x                                        (8) 

  ΦΨ−=
kq

y 1
                                               (9) 

k
q

q
kyx

22

2

+−=                                                (10) 

 
Substituting the coordinates x, y of the entrance 
point A (-L, h) in equation (10), the magnitude of 
flux (q) is obtained in terms of the known values 
K, L, and has follows: 
 

)( 22 hLLkq ++−=                                     (11) 
 
Although Kozeny's solution is analytically correct, 
however, the results may be spurious given the fact 
that:  
a. The solution is not valid unless the upstream 
slope Aa is parabolic. 
b. This method does not consider the upstream and 
down stream slopes, moreover the lengths of dam 
and horizontal blanket location have not been 
considered. 
 
 
 

3. MODELING 
 

Two and three-dimensional analysis was equation 
solvers [3] and also SEEP/W and ANSYS 
software. The software uses finite element 
algorithm, for solving partial differential equations 
in steady state and transient analyses. 

Considering the geometrical and effective physical 
parameters such as, hydraulic conductivity, down 
and up-stream slope’s angles, the length of dam, 
the length of horizontal filter blanket and the 
upstream water level, the amount of flux is 
estimated. For this estimation, over 600 cross 
sections of earth dams were modeled and analyzed 
by SEEP/W and ANSYS software. The results 
obtained were statically processed using SPSS 11.5 
software. 
To carry out this investigation, the calculated flux 
in two dimensional system is divided by (k*x) for 
non-dimensional analyses. Where x is the distance 
between the filter and the intersection of reservoir 
water level in up-stream (see Figure 4). Other 
parameters are also dimensionless. 
To formulate the model, nonlinear multiple 
regression are carried out between all 
dimensionless parameters. The method of enter is 
used in regression analysis. The same procedure is 
followed for three dimensional analyses except that 
the estimated flux is divided by the length of the 
valley and has turned into dimensionless 
parameter. Finally the two and three dimensional 
results are compared. In all graphs, the flux 
determined by the conformal mapping method, is 
chosen as a base flux and then, the fluxes 
determined by other methods are divided by base 
flux and the results are shown s a ratio of 

)(conformal

i

q
q

 in vertical column of the table. 

Where iq , is the flux calculated from two and three 
dimensional analysis or equation (12) or (13) and 
the denominator is the calculated flux from 
conformal mapping methods as a base flux. 
Geometry and finite element mesh of the two and 
three-dimensional model of one of the models are 
shown in figures 3, 4, 
 5, 6 and figure 7 As a result in three-dimensional 
analysis the length of the valley were assumed 100 
meter. 
In two-dimensional analysis, quadrilateral 
elements and triangular elements have been used, 
and boundary condition has been specified. In 
those places that higher integration order elements 
were needed, higher integration order elements 
were needed. Table (1) shows the details of a 
sample. 
 In three-dimensional analysis, using ANSYS, 
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thermal solid element type has been used, which is 
called, SOLID87 3-D 10-Node tetrahedral thermal 
solid. It is well suited to model irregular meshes. 
The element has one degree of freedom, 
temperature, at each node. The element is 
applicable to a three-dimensional steady seepage 
analysis. 
Results of the statistical analysis and especially 
regression are summarized in table 3. As shown in 

the table, B represents the coefficient of the 
formula while; β  shows the efficiency of the 
parameters. The letter further means that the most 
effective parameters would have the biggest β  
value. Parameters R and R2 represent the 
coefficient of correlation and the coefficient of 
determination respectively. 

 
 

 
Figure 3. dam's geometrical parameters 

 
 
 

Table 1. Details of a sample used for seepage analyses 
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Dimension 
 

Degree Degree (m) (m) (m) (m) (m/s) 

Amount 
 26.56 26.56 33 30 37 144 1E-7 

 
 

 
Figure 4. 2-D modeling with SEEP/W software 
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Figure 5. 2-D analysis with SEEP/W software 

 
 

 

 

Figure 6. 3-D modeling with ANSYS software 

 
 
 

4. DISCUSSION AND ANALYSES 
 

By using multiple regression (equation 12 and 13), 
the rate of seepage discharge is calculated from the 
models proposed. The results are illustrated in 
table 2 and 3. From table (2), it is clear that R2 and 
adjusted R2 are equal to one, which shows a very 

exact regression. The equation that can estimate 
the flux is obtained from table (3) as follows:  
 

49.021.01.01

1.01.0

])(1[137.1)(05.0)(024.0

)(cot018.0)(cot033.0014.1

x
h
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h

L
x

kx
q

++−−

−−−= βα
(12) 
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Figure7. 3-D analysis with ANSYS software 
 
 
 

Table 2. Two-dimensional Model Summary 
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Considering the amount of the parameters, in 
three-dimensional analyses, multiple-regression 
has been performed. Results are illustrated in table 
4 and table 5. From table 4, it is clear that R2 and 
adjusted R2 are equal to one, which shows a very 
exact regression. The equation that can estimate 

the flux is obtained from table 5. 
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In equations (12) and (13): L= length of the dam, 
(m), k=hydraulic conductivity, (m/s), H=height of 
dam, (m), h= water level, (m), x=distance between 
the horizontal filter blanket and the up-stream 
slope, (m), βcot1 hxx +=  (m), α =down-stream 
slope angle, β =up-stream slope angle 
Comparison of the results showed in tables 3 and  
 

5 shows that 3-D equation estimates the flux more 
than the 2-D equation. Five samples randomly 
selected are compared in table 6 which include 
summary of this comparison. Results are also 
graphically compared in Figure.8 which shows the 
difference between 2-D and 3-D crossing flux.  
 

 
 

Table 3. Two-dimensional coefficients 
  

Un standardized 
Coefficients 

Standardized 
Coefficients 

95% confidence 
interval for B Model 

 B 
 

Std. Error
 

Beta 
 

T 
 
 

Sig. 
 
 Lower 

bound 
Upper 
bound 

 
(Constant) -1.014 0.013  -79.263 0.000 -1.04 -0.989 

1.0)(cotα -0.033 0.006 -0.003 -5.633 0.000 -0.045 -0.022 

1.0)(cot β -0.018 0.005 -0.002 -3.474 0.001 -0.028 -0.008 

1.01 )(
L
x

 -0.024 0.013 -0.001 -1.791 0.074 -0.050 0.002 

1.0)(
H
h
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Table 4. Three-dimensional Model Summary  
  

Change Statistics 
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Table 5: Three-dimensional coefficients  
  

Un standardized 
Coefficients 

Standardized 
Coefficients 

95% confidence 
interval for B Model 

1 
 

B 
 

Std. Error
 

Beta 
 

T 
 
  

Sig. 
 
  

Lower 
bound 

Upper 
bound 

 
(Constant) -0.993 0.011 - -89.698 0.000 -1.014 -0.971 

1.0)(cotα -0.017 0.004 -0.002 -4.772 0.000 -0.024 -0.010 
1.0)(cot β -0.002 0.003 0.000 -0.731 0.465 -0.007 0.003 

1.01 )(
L
x

 -0.014 0.009 -0.001 -1.475 0.141 -0.032 0.005 

1.0)(
H
h

 -0.104 0.010 -0.004 -10.871 0.000 -0.123 -0.085 

49.02 ])(1[
x
h

+

 
1.127 0.000 1.001 2365.3 0.000 1.126 1.128 

 
  

5. COMPARING THE RESULTS 
 
With comparing the results, it is clear that 3-D 
equation estimates the flux more than the 2-D 

equation. 5 samples are compared with each other. 
Table 6 shows these samples‘s information. Figure 
7 and figure 8 illustrate the difference between 2-D 
and 3-D crossing flux. 

 
 

Table 6. samples information 
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Figure 8. comparing the results of conformal mapping techniques and the 2-D and 3-D analysis 
 
 
 

 
6. CONCLUSION 

 
In this paper, two and three-dimensional seepage 
of earth dams with horizontal filter blanket was 
studied. Some conclusions are drawn on the result 
of seepage discharge. In this study, there was a 
difference about 14-24% in seepage discharge rate 
between two and three-dimensional analysis, 
which is depend on the parameters such as water 
level and the up and dawn- stream slope angles and 
the length of dams. 
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