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Abstract. Geotechnical membrane is often used in dam engineering to prevent
the seepage. But the research of the influence of impervious membrane on the
seepage of a dam is not enough. Combining the indoor model experiment and
numerical analysis methods, the influence of the impermeable membrane’s
blanket length on the seepage of a dam had been carried out in present paper. By
analyzing the results from these two methods, it was found that the seepage
quantity of the dam linearly changed with the increase of the blanket length.
Besides, bases on the numerical analysis method, the influence of different
horizontal impervious blanket length on the seepage of a dam had been inves-
tigated, and the calculation formula for different thickness of the foundation had
been fitted. Finally, the optimum length of horizontal blanket for different dam
foundation was analyzed.
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1 Introduction

China has a long coastline, and a large number of offshore and estuary dams have been
constructed along the coastline. It was confirmed that there is a close relationship
between the common diseases of the dam and the permeation. It was reported that
40.5% of the dam destruction were caused by dam seepage [1].

During the flood in 1998, many dangerous conditions were happened in dams along
Yangtze River, and 54.5% of these dangerous conditions were the result of seepage
failure. In history, more than 90% of the Yangtze River inrushes were caused by
seepage failure [2]. The “Katrina” hurricane brought heavy damage to America, and the
disaster survey report pointed out that the direct factor of dams’ destruction in New
Orleans was seepage failure of dam foundation [3]. Studies indicated that the engi-
neering reinforcement of embankment had met the requirements of national standard.
However, due to lack of understanding on the dam foundation seepage failure, there are
still some problems that need to be studied. Impervious geotechnical membrane can
adapt to dam’s deformation due to its soft characteristics, so it is widely used in
engineering. For example, Sichuan Tianwanhe Renzonghai rockfill dam, Sichuan
Ganzi Huashan core film/gravelly soil core rockfill dam and Shandong Dezhou Datun
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plain reservoir are all representative membrane impermeable dam [4]. Whitfield [5]
introduced the application of geotechnical impervious material in Roller compacted
concrete dam. Messerklinger [6] introduced a seepage failure case of a geomembrane
lining dam. Yuan et al. [7] studied the influence of blanket length to infinite deep
pervious foundation dam with boundary element method, and revealed the relationship
between the blanket length of the infinite deep pervious foundation dam and the
upstream head. Yin et al. [8] analysed the length selection of impervious blanket in non
homogeneous infinite deep pervious dam foundation, and gave the computing method
about seepage of non homogeneous infinite deep pervious dam foundation by using
model experiment. Combining with the engineering example, Wen et al. [9] analyzed
the influence of the depth of cutoff wall, blanket length and permeability of overburden
soil on the seepage control of a dam foundation, and concluded that the blanket could
not effectively control the overburden foundation seepage. Xu et al. [10] used model
experiment and numerical analysis methods to carry out the research on the selection of
the impervious blanket length of the infinite deep pervious foundation. By developing a
model experiment, Mao et al. [11] calculated the effective depth of impermeable
membrane on earth rockfill dam.

Combining indoor model experiment and numerical analysis method, the influence
of impermeable membrane’s blanket length on the seepage of a dam were systemati-
cally carried out, the conclusions could provide a reference for the design, construction
and management of a dam.

2 Model Experiment

2.1 Experiment Method

The indoor experiment was carried out by using a self-made seepage apparatus, which
was shown in Fig. 1, and the tank’s size were 3.0 m � 0.5 m � 1.2 m. The water flew
into the tank through the adjustable bin. The upstream water level could be adjusted by
changing the bin’s height. There was a drainage outlet in the right wall of the tank. To
observe the seepage process, the front face of the tank was made of organic glass. To
gain the distribution of pore water pressure, a row of piezometric tubes were installed
200 mm above the bottom of the tank.

Float Valve

500
200

R10

200

Dam Foundation Piezometer Tube

Dam Body

Inlet End

Outlet End

Fig. 1. Diagrammatic sketch of self-made seepage apparatus (mm).
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Sand was used to build the dam foundation to simulate the pervious characteristics
of the foundation. In order to simulate the actual engineering, dam body was filled with
silt. The soil was carried from a building foundation pit in Hangzhou. Basic physical
property indexes of the filling materials were shown in Table 1. Common plastic film
was selected as the material of impervious blanket.

The width of the dam bottom was 185 cm, the width of the dam crest was 5.0 cm,
the height of the dam foundation was 50 cm, the height of the dam body was 45 cm, and
the slope ratio of the upstream slope and the downstream slope were 1:2. Hierarchical
construction method was used for the filling of dam foundation and dam body, each
layer thickness was 10 cm, and the filling compaction degree was controlled at 88%.

The upstream water level and downstream water level were selected as 20 cm and
7 cm, respectively. In order to avoid the water oozing out from the leakage of blanket
and slope, membrane was laying on the surface from dam body to foundation.
Membrane was 50 cm larger than the tank’s width. The extra membranes in two sides
were pasted on the inner wall of the tank firmly by using vaseline, and there was no
large air bubble under the membrane. Besides, the junction of membrane and foun-
dation was covered by sand to prevent the membrane floating and water seeping
through the underside of the blanket. It was shown in Fig. 2.

Table 1. Basic physical property indexes of the materials.

Position Soil
type

Plastic
limit (%)

Liquid
limit (%)

Optimum
moisture
content/(%)

Specific
gravity

Void
ratio

Water
content/(%)

Permeability
coefficient/
(cm�s−1)

Dam body Sand 2.65 0.68 8.7 2.8 � 10−2

Dam
foundation

Silt 20.27 29.83 22.2 2.70 1.04 17.6 1.46 � 10−5

Fig. 2. Laying of impermeable membrane.
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After finish laying membrane on the dam, water was slowly poured from the inlet
end. For the difference of the water levels between the upstream and downstream,
seepage occurred. The piezometric tubes’ water level and the drainage quantity from
outlet end could be measured directly. The readings of piezometric tubes would not
recorded until the readings did not change and the drainage quantity was kept stable
during every three minutes. Finally, the flow rate was calculated based on the seepage
quantity.

2.2 Experiment Results

The lengths of the membrane were selected as 20 cm, 40 cm, 60 cm and 80 cm, which
were 1–4 times of the upstream water level. The experiment without membrane was
also carried out for contrast. The seepage quantity of these 5 groups experiments were
list in Table 2.

3 Numerical Analysis

3.1 Numerical Analysis Method

The numerical analysis was carried out by using seep/w module of the software
Geo-Studio. Seep/w was developed to analyze porous material from simple saturated
steady-state problems to complex, saturated unsaturated variable problem. In this
paper, saturated material was selected to simulate the permeable dam foundation, and
unsaturated material was selected to simulate the dam body.

3.2 Compared with the Model Experiment

In order to make a comparative analysis of indoor model test and numerical calculation,
the parameters of the numerical analysis were selected as 100 times of the sizes of the
laboratory model. Those were, the width of the dam bottom was 185 m, the width of
the dam crest was 5 m, the height of the dam foundation was 50 m, the height of the
dam body is 45 m, and the slope ratio of the upstream slope and the downstream slope
were 1:2. The saturated permeability coefficient of the dam body and dam foundation
were 5.68 � 10−7m/s and 1 � 10−14m/s. The calculation results were shown in
Table 3.

Table 2. Seepage quantity of dam with different length blanket.

Blanket length (cm) Seepage quantity (ml�s−1�m−1)

0 7.67
20 7.22
40 6.94
60 6.50
80 6.11
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Compared the results of indoor model test to numerical analysis, the comparative
figure was plotted in Fig. 3.

From Tables 2 and 3, it could be found that, the seepage quantity of the dam was
linearly changed with the blanket length. This indicated both the indoor model test and
numerical analysis method were correct and reliable. The difference values between
these two methods were 17.94%, 13.76%, 11.52%, 6.59%, 1.60% for the membrane
length were 0, 1, 2, 3, 4 times of the upstream water level, respectively. The difference
values of two methods decreased with the increase of the upstream blanket length. This
was probably due to the limitation of experimental conditions, membrane and foun-
dation could not fit tightly enough when the membrane was short.

3.3 Numerical Analysis Results

Selected the head difference of upstream and downstream H as a benchmark. The
height of dam foundation was selected in the range of 1H to 5H, the blanket length was
in the range of 1H to 12H. The seepage results were list in Table 4.

Table 3. Seepage quantity of dam with different length blanket.

Blanket length (m) Seepage quantity (ml�s−1�m−1)

0 6.2941
20 6.2262
40 6.1407
60 6.0715
80 6.0125
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Fig. 3. Comparison between numerical analysis and indoor model test.
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3.4 Analysis and Discussion

Based on Table 4, following figure could be drawn.

From Fig. 4, it was found the seepage quantity decreased with the increase of
blanket length, and the curve gradually tended to be gentle. The curves could be
considered as linear change when the blanket length was smaller than 100, this was in
consistent with Fig. 3. Comparing the 5 curves in Fig. 4, it could also be found that,
with the increase of dam foundation height, the seepage quantity decreased rapidly and
achieved the gentle range quickly.

Table 4. Seepage quality for different blanket length.

Blanket length Dam foundation
H 2H 3H 4H 5H

0H 4.4556 7.4105 9.2946 10.469 11.216
1H 4.3928 7.2855 9.1558 10.318 11.070
2H 4.3466 7.1395 8.9616 10.096 10.848
3H 4.3228 7.0371 8.8139 9.9035 10.646
4H 4.3085 6.9561 8.6951 9.7348 10.471
5H 4.2989 6.9123 8.6090 9.6088 10.319
6H 4.2922 6.8723 8.5474 9.4973 10.188
7H 4.2871 6.8408 8.4932 9.4032 10.074
8H 4.2831 6.8155 8.4540 9.3226 9.9735
9H 4.2799 6.7946 8.4229 9.2521 9.8825
10H 4.2773 6.7771 8.3979 9.1883 9.8005
11H 4.2752 6.7619 8.3768 9.1267 9.7255
12H 4.2734 6.7478 8.3570 9.0591 9.6565
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Fig. 4. Curve of seepage quantity versus blanket length.
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By divided the dam seepage quantities with the seepage quantity without blanket,
following ratios of seepage quantity with blanket to that of without blanket could be
written.

Based on Table 5, the ratio curve of seepage quantity with blanket to that of
without blanket could be drawn as Fig. 5.

The relationships in Fig. 5 could be fitted as a polynomial:

k ¼ ah2l þ bhl þ c ð1Þ

Where k was the proportion of dam seepage quantity with blanket to that of without
blanket, hl was blanket length, and a, b, c were fitting coefficients.

Table 5. Ratio of seepage quantity with blanket to that of without blanket.

Blanket length Dam foundation

H 2H 3H 4H 5H

0H 0.9859 0.9831 0.9851 0.9856 0.9870
1H 0.9755 0.9634 0.9642 0.9644 0.9672

2H 0.9702 0.9496 0.9483 0.9460 0.9492
3H 0.9670 0.9387 0.9355 0.9299 0.9336

4H 0.9648 0.9328 0.9262 0.9178 0.9200
5H 0.9633 0.9274 0.9196 0.9072 0.9084
6H 0.9622 0.9231 0.9138 0.8982 0.8982

7H 0.9613 0.9197 0.9096 0.8905 0.8892
8H 0.9606 0.9169 0.9062 0.8838 0.8811

9H 0.9600 0.9145 0.9035 0.8777 0.8738
10H 0.9595 0.9125 0.9013 0.8718 0.8671
11H 0.9591 0.9106 0.8991 0.8653 0.8610

12H 0.9859 0.9831 0.9851 0.9856 0.9870
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Fig. 5. Ratio curve of seepage quantity with blanket to that of without blanket.
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The fitted coefficients a, b and c were list in Table 6.
After gained the relationship of the ratio of seepage quantity with blanket to that of

without blanket for different foundation height, the minimum value and the corre-
sponding blanket length could be computed. The minimum seepage quantities and
optimum membrane blanket lengths for five foundation heights were list in Table 7 and
plotted in Fig. 6.

The relationship in Fig. 6 could be formulated as:

Kmin ¼ 0:0039h2t � 0:0479ht þ 1:0016 ð2Þ

Table 6. Fitting coefficients of a, b, c.

Foundation height a b c Correction coefficient

1H 3.20 � 10−4 −0.0060 0.9880 0.9377
2H 2.88 � 10−3 −0.0302 0.9921 0.9785
3H 7.65 � 10−3 −0.0544 0.9979 0.9886
4H 1.23 � 10−2 −0.0812 1.0019 0.9959
5H 1.73 � 10−2 −0.1006 1.0046 0.9988

Table 7. Minimum seepage quantity and optimum membrane blanket length.

Foundation height Minimum value Optimum blanket length/H

1H 0.960 9.38
2H 0.913 5.24
3H 0.902 3.56
4H 0.867 3.30
5H 0.859 2.91
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Fig. 6. Minimum seepage quantity versus dam foundation height.
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Where Kmin was the minimum value of the ratio of seepage quantity with blanket to
that of without blanket, and ht was the thickness of the dam foundation.

The fitting curve correlation coefficient 0.9437 showed that the fitting was reliable.
From Eq. (2), it could be seen that, with the increase of the dam foundation thickness,
the minimum seepage quantity of the dam was gradually reduced.

4 Conclusions

Combining indoor model experiment and numerical analysis method, the influence of
impermeable membrane’s blanket length on the seepage of a dam were studied. The
results of these two methods were in accordance with each other well.

The seepage quantity decreases with the increase of blanket length, there is a linear
relationship among them when the blanket length is small. With the increase of the
height of dam foundation, the seepage quantity decreased rapidly and achieved the
gentle range quickly.

The relationship between the ratio of seepage quantity with blanket to that of
without blanket and the blanket length can be expressed by a polynomial.

The relationship of minimum seepage quantity and dam foundation height can also
be formulated as a polynomial. With the increase of the thickness of dam foundation,
the minimum seepage quantity of the dam was gradually reduced.
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