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Abstract
Liquefaction usually occurs in saturated loose sandy soils. The aim of the present study is to examine liquefaction of earth
dams’ heels due to a non-compacted saturated layer (a liquefiable layer) within the foundation of earth dams with different
thicknesses and depths during an earthquake. For this purpose, a non-homogenous earth dam was founded on a compact soil
layer. Analysis was performed with the help of QUAKE/W. The special feature of QUAKE/W is the ability to display liquefiable
zones. The results showed that simultaneous increase in the thickness and depth of the liquefiable foundation layer will reduce
the liquefaction potential. The declining trend becomes more critical with increasing the thickness of liquefiable layer.
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1 Introduction1

The shrinkage of saturated loose sands under alternating
loading in drained conditions was first studied by
Casagrande. According to Casagrande, shrinkage will
increase the pore water pressure in undrained conditions.
Sid et al studied the behavior of saturated sands under
alternating loads. While confirming observations, they
proposed empirical equations for dynamic analysis of
liquefaction. In these relations, the shear modulus of the
soil and damping ratio depend on the soil strain [1]. In a
study on the behavior of cemented sands, Jafari examined
the impact of cementation on liquefaction resistance of
sands. The results of that study showed the significant
impact of soil layering on the occurrence of liquefaction.
The weak cemented sand layer within a stronger mass will
reduce the resistance of the mass against liquefaction. The
effect is more critical at higher levels of stress [2].
Experimental studies on liquefaction by Iranian experts
show that the cyclic shear strength of the medium sand is
greater than the fine-grained sand with the same clay
content. This result reveals the significant impact of coarse
particles on the sand liquefaction resistance as well as the
effect of particle type and soil layering on the occurrence of
soil liquefaction [3]. A catastrophic earthquake occurred in
Kachchh district, India. The main causes of failure in
existing structures including earth dams was the presence
of a liquefiable soil layer in the foundations. The analyses
of earth dams including RudramataKawati, Tappar and
Chan confirmed that the presence of the liquefiable layer
was the main cause of failures and reduced the confidence
level [4].

The behavior of soil as an integral part of construction
projects and an underlying material that all structures are
inevitably built on it, has been thoroughly studied.
Understanding the soil behavior can play an important role
in analysis and design methods. The effect of dynamic
forces (such as earthquakes) on the soil is very extensive
and complex. Despite numerous studies in this area, further
research is still required to achieve real behaviors of soils
under seismic forces. Earth rupture is one of the natural
phenomena causing a lot of damage. Rupture is often
caused by failures and fractures, asymmetric movements of
the earth, and loss of soil strength. The main reason for loss
of strength in saturated soils, especially the granular soils,
is the gradual increase in pore pressure by cyclic stresses
through propagation of seismic shear waves. This
phenomenon is called liquefaction. It leads to the reduction
or even the complete loss of shear strength of the soil.
Dams founded on the saturated sediments such as sand
layers, are prone to liquefaction and failure during
earthquakes. Given the importance of liquefaction,
numerous studies have been done in this field. As some
recent research papers on this topic, we refer the reader to
[5]-[10] and references therein.
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2 Model Specifications

3 Methods

Before modeling the dam by QUAKE/W, all
specifications such as geometrical characteristics and
dimensions of foundation are presented. Employing these
data, the dam could be modeled. Several pre
pre-analyses was
performed to estimate the foundation dimensions.
Ultimately, a depth of 70 m and a width of 535 m were
considered as the foundation dimensions. Geotechnical
characteristics and material properties are shown in Table
1.

The non-homogeneous
homogeneous earth dam with geometrical and
geotechnical characteristics introduced in Section 2 will be
analyzed using the finite element software, QUAKE/W. For
this purpose, the material is defined as a semi-saturated
semi
material by a specific function, because the permeability of
the semi-saturated
saturated soils is less than the saturated soil. The
air bubbles in the soil prevent the facile water flow
flo through
the soil. As a result, the analysis of flow and permeability
of semi-saturated
saturated soils as saturated soil leads to unrealistic
results. To avoid this error, a function was defined in which
the permeability linearly changes in this range, whereas the
permeability is considered constant for values out of this
range.
Spring boundaries are usually used in dynamic analysis
to prevent reflecting energy of shear waves into model
geometry through boundaries. In this study, spring
boundaries were used employing
employi a 4-node infinite element.
The spring boundaries damp the energy imposed on
boundaries (like a damper). Thus, the behavior of the model
is more accurately simulated as a semi-infinite
semi
environment. It is rarely possible to successfully select the
positionn on lateral boundaries of geotechnical finite element
analysis. Consequently, lateral boundaries should be far
away enough not to significantly influencethe results of the
initial area. This is one of the problems in dynamic
analysis. In the present case, free movements on vertical
boundaries along with a horizontal axis are allowed. These
boundaries act as perfect reflective boundaries. The wave
reaching the boundary is reflected. This results in energy
dissipation on the boundaries. A vertical boundary aat either
ends of the model is not allowed to move up and down,
because it is connected to ground.
During a weak earthquake, the material of the earth
dam shows an elastic behavior. However, when strong
earthquakes are applied, the soil material shows a plastic
pla
behavior. In addition to the properties of constituent
materials, several factors such as the dam site and the
earthquake characteristics may affect
aff the dynamic behavior
of the dam.
Given the specific conditions of the foundation (a nonnon
compacted liquefiable
efiable layer in the foundation) in the
present study, it was not possible to apply a very strong
earthquake because of liquefying the greater part of the
model. Given the local conditions, an earthquake with a
magnitude of 4.5 Richter and a maximum acceleration
accele
of
0.08 g was applied to the model for 10 s.

Figure (1) none homogenous dams mod
model A1
Table 1: The characteristics of body and foundation
material
Parameter

Unit

Core

Density

KN/M3

Permeability

m/sec

Liquefied
layer

Shell

Foundation

18

20

21.5

16.6

1.00E-08

1.00E-04
04

1.00E-05

1.00E-06

Young’s Modulus

KN/M2

40000

60000

80000

10000

Friction angle

Degree

5

35

38

29

0.25

0.3

0.3

0.3

KN/M2

40

0.1

0

0

0.1

0.1

0.1

0.1

Poisson ratio
Adhesion
Damping

Table 2: The models
Model

Depth (m)

Thickness (m)

B1

5

5

B2

10

5

B3

15

5

B4

20

5

B5

25

5

B6

30

5

C1

5

15

C2

10

15

C3

15

15

C4

20

15

C5

25

15

C6

30

15

D1

5

30

D2

10

30

D3

15

30

D4

20

30

D5

25

30

D6

30

30

4 Results and Discussion
The simultaneous impact of the increased thickness and
depth of the liquefaction layer is examined in our results. In
this section, the thicknesses of 5, 15 and 30 m at six
different
rent depths will be analyzed. The models will be
denoted as Bn, Cn and Dn. After the analyses, the results
are compared.
Tables 3-55 show the results of Bn, Cn and Dn models,
respectively. The trend for Bn models was also found for
Cn and Dn models with a lower slope.
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Table 3: Comparison of effective stress and water pore
pressure in Bn models
Liquefiable layer depth
(m)
5
10
15
20
25
30

Effective stress (KPa)
9.57
10.60
11.05
11.33
11.54
11.69

2 Conclusions
The present study examined the impact of changes in
non-compacted layer thickness and depth in earth dam
foundations, on the liquefaction at the heel of dam. The aim
of our study was to examine liquefaction of earth dams’
heels due to a non-compacted saturated layer (a liquefiable
layer) within the foundation of earth dams with different
thicknesses and depths during an earthquake. For this
purpose, a non-homogenous earth dam was founded on a
compact soil layer. The models were analyzed using
QUAKE/W. According to numerous analyses performed on
different models, the following conclusions can be derived:
1– According to the dynamic analysis of a nonhomogeneous earth dam, if the liquefiable layer thickness is
constant, the vertical effective stress will increase with
increasing the depth.
2- According to the dynamic analysis of a nonhomogeneous earth dam, if the liquefiable layer thickness is
constant, the pore water pressure will decrease in the
vertical direction.
3– As the liquefiable layer depth in the foundation increase,
the effective stress increases while the pore water pressure
decreases. The same trend with a lower slope was observed
with increasing the liquefiable layer thickness.

Water pore pressure
(KPa)
682.06
680.2
679.19
678.46
677.91
677.5

Table 4: Comparison of effective stress and water pore
pressure in Cn models
Liquefiable layer depth
(m)
5
10
15
20
25
30

Effective stress (KPa)
9.74
11.18
17.13
23.39
29.80
30.68

Water pore pressure
(KPa)
683.98
680.79
673.43
665.33
658.65
657.19

Table 5: Comparison of effective stress and water pore
pressure in Dn models
Liquefiable layer depth
(m)
5
10
15
20
25
30

Effective stress (KPa)
10.58
31.40
35.54
35.85
37.87
37.76

Water pore pressure
(KPa)
683.84
660.53
654.67
653.2
650.51
650.29
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According to Figures 2 and 3, the effective stress and
pour water pressure vary with a lower slope with
simultaneous increase in the thickness and depth.
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Figure 2: the effective stress with depth
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