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Abstract: Liquefaction is a hazardous and temporary phenomenon by which water
saturated soil loses some or all of its resistance. The undrained conditions linked to the
cyclic load increase the pores water pressure inside the soil and consequently reduce
effective stress. As a result, the soil can no longer resist or hold the shear forces, and lead
to enormous deformations that directly influence the stability of structures and
infrastructures foundations. Since 1964, several semi-empirical methods have been
invented to evaluate the liquefaction potential using the in-situ test results. This study is
based on the correlation between experimental data results of Menard pressuremeter and
SPT dynamic penetrometer tests. Samples used in this test come from the Rhiss dam
located in the North of Morocco, 24 kilometers as the crow flies from the town of Al
Hoceima and south of the foundations of a calcareous ridge. The studied area have high
seismic activity and a high percentage of fine soil elements, which suggests the possibility
of sail liquefaction. We present and discuss the results of applying Idriss and Boulanger,
and Youd et al methods in the evaluation of liquefaction susceptibility.

density, grain size, soil texture, degree of saturation and
magnitude of the earthquake.
These semi-empirical methods used to evaluate
liquefaction potential are based on historical seismic
observations, liquefaction-induced effects and in situ test
results. They can be classified into three categories of
approaches:

- Cyclic stress approach , [3,4, 5, 6, 7]

- Cyclic deformation approach , [8-9]

Introduction

One of the most important causes of major structural
and engineering works disorders during earthquakes is
the development of liquefaction in saturated sandy soils.
The main cause of soil liquefaction can be summarized
as follows: if saturated sand undergoes ground
vibrations, it tends to compact and decreases in volume.
So, when drainage is impractical, soil pores pressure
increases until it reaches an equal value to the total soil

pressure. Therefore the effective pressure is cancelled,
which makes the sand without resistance and thus
develops a liquefaction state.

The case studied is based on the SPT tests experimental
results of the RHISS dam, located in the North of
morocco.

The aim of this paper is, on the one hand, to signal the
phenomenon of liquefaction which is responsible of high
level of soil instability in Morocco, especially in the
North. On the other hand, to study the ability of semi-
empirical methods to correctly verify the susceptibility
of liquefaction by calculating the safety factor using the
cyclic stress approach.

1. Semi-empirical methods used in the
evaluation

Nowadays, several semi-empirical methods are used to

quantify and evaluate the potential of liquefaction [1-2].

This potential reflects the ability of soil to withstand
cyclic shear forces and depends mainly on the relative
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- Energy approach. [10]
The cyclic stress is the most frequently used approach in
practice to estimate resistance to soil liquefaction by
calculating a Safety Factor (FS). That FS is obtained
from the ratio between cyclic resistance CRR and cyclic
constraint CSR.
The most frequently used tests for estimating the
liquefaction potential are the static penetrometer test
(CPT) and the dynamic penetrometer test (SPT).
However, the assessment of liquefaction potential, at
first, was based on laboratory tests to understand the
behavior of the soil samples in earthquakes. It should be
noted that these samples are usually disrupted, which
leads to changes the texture and structure of the soil
grains and directly influences the resistance of the soil to
liquefaction.
1.1. Evaluating cyclic stress ratio (CSR)

1.1.1. Youd et al method
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CSR is the average shear stress in a layer (Tgyug)

normalized to an effective vertical stress (& il_.). It is
presented for the first time by Seed and Idriss (1971)
[11] by the following formula, which presents the basis
for the three approaches:

CSR = =2 — g5 (E] (h] ry [12]

Tlyp E Tlep
Where 8,,,, is the maximum amplitude of the
horizontal acceleration; T, is the total vertical stress
due to the weight of the overlying soils; D-ivl] is the
initial vertical effective stress; g=9,81 is the acceleration
of gravity and Ty is the stress reduction factor.

The stress reduction coefficient T'; is expressed in terms
of the depth by the following formula (Seed and
Idriss1971):

C O (1-041132% +0,040522+ 00017535
T o077+ 005728 - 0,00620525 + 0001215
[11]

1.1.2. Idriss and Boulanger method

T a ) r 1
CSR= —= =D,65( "“‘“)( f’“) d_
o' g o/ MSFk,

The stress reduction coefficient is expressed in terms of
the depth by the following formula:

Ln(ry) =a(z) + B(z)M z<34m
ry; = 0,12exp(0,22M) z>34m

Where :
— — 4 _3'
a(z) = —1,012 — 1,126sin (= +5,133) -

»

B(z) = 0,106 + 0,118sin (ﬁ + 5,142)

»

The MSF factor, for this method, is expressed by Idriss
(1999) by the following equation:

MSF = 6,9 exp ('4—"’] — 0,058 ; MSF<138 [14]
k _ is the correction factor of the vertical effective
stresses, adjusts the CSR with respect to the initial

vertical effective stress and the relative density I, it is
expressed by Boulanger and Idriss :

o' o
ks=1—£',}ln( ")51
Pﬂ

1
= <03
18,9 —2,55,/N, 5,

T

[15]

1.2. Evaluating cyclic resistance ratio (CRR)
1.2.1. Youd et al method

Semi-empirical procedures for liquefaction evaluation
were initially developed using the results of the dynamic
penetrometer (SPT) tests. The following detailed
procedures are based on the developments of Seed and

Al [16-17] to obtain and adjust the number of SPT
strokes and to obtain the values of CRR. The number of
strokes obtained by the SPT test, as an indication of soil
liquefaction characteristics, requires separating the
effects of soil density and vertical effective stress on
penetration resistance. Consequently, Seed and Al [18]
included the normalization of penetration resistance in
sand to a value equivalent to that of an atmosphere as a
step in the semi-empirical procedure. This normalization
currently takes the following form:
Nygo = Oy X Ny
Where the value of Ny corresponds to the number of

strokes of the SPT test and Ly the coefficient of
normalization of the penetration resistance.

crp_ L Nigo 50 1
T 34—N,,, 35 (10N, +45) 200
[19]

1.2.2. Idriss and Boulanger method

The Idriss and Boulanger 2004 [4] method present a
review and revaluation of several relationships in the
potential assessment of liquefaction. According to Idriss
and Boulanger 2004 [4] the value of CRR can be

calculated as a function of N sy using the following
expression :

N1.60 N1.60 ’ NL&O : N1.60 ¢
oot = exp| i, ()| (M), ()’
141 35 23,6 254 [20]
2. Case study

Located in northern Morocco, Rif is undoubtedly the
region most affected by various ground instabilities. This
instability phenomenon, whose impact on the natural
environment is certainly considerable, also constitute a
major and permanent threat to road construction and
infrastructures in this part of Morocco.

The Rhiss Dam site is located about 22 km upstream of
its mouth and about 24.5 km as the crow flies from the
town of Al Hoceima, the figure 1, represent a satellite
view of our study area.

Fig.1. Satellite view of the studied site
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2.1. Geological framework

Geologically, The Rhiss dam site is located in this
eastern part of the Rifaine chain, represented by:

- The marl limestone and marl flyschs of the Beni-bou
yacoub unit, (Upper Cretaceous — medium

- Grey-black sericite schists with sandstone quartzite
banks of the Kétama unit (SS). (Albo-aptien).

These two series form an anticlinal structure that is
dumped towards the North and elongated in the shoreline
direction, subtransversely to the direction of the valley
where the different geological formations show an
upright dip in the order of 40 to 60° towards the
downstream. This structure consists of a central part
composed of quartzite intercalated shales forming the
supports of the dam and borders composed of marl and
marl limestone framing the shales and flushes upstream
and downstream of the dam's right-of-way. The axis of
the dam was chosen at the level of the downstream flank
of the fold corresponding to the maximum tightening of
the valley and where the dip of the geological formations
is the most straightened 50 to 60° downstream. In figure
2 we present the geological map of our study area.
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Fig.2. Geological Map of the study area

2.2. The region’s seismicity

The Al Hoceima region can currently be considered as
the most seismic part of Morocco. As a result, it is
among the most studied active areas along the border of
diffuse  African-Eurasian plates in the Western
Mediterranean. Tectonic control of seismic activity in
this area is still problematic.

Historical indications on the Al Hoceima region in
particular suggest that seismic activity in this area
existed in the past. Indeed, several earthquakes have
been considered in the history of the region because of
the scale of the disasters they caused.

The seismicity of the region [21, 22, 23], dominated by a
sinister decaying regime, does not align with any of the
mapable faults on the surface, often with recent normal
play. This may be a current fault or fault zone of the
NNE-SSW general direction that does not affect the
surface. The NNE-SSW fault or directional fault zone in
NE-SW may well be the source of seismicity in this
zone.

The seismic zoning map of Morocco shows that the Al-
Hoceima area is located in the fifth zone, with a speed of
0.17 m/s.

3. Results and discussions

Since the results of the SPT test are not available, a
correlation adopted by Honin et al [24] between Menard
pressuremeter test and SPT dynamic penetrometer test,
was chosen for the evaluation of CRR and CSR, using
the data from five surveys of the pressuremeter Menard
test in the study area.

In our case study, we estimate the safety factor by using
two semi-empirical methods which are the Youd et al
method, and the Idriss and Boulanger method, based on
the cyclic stress approach, the result of each one are
presented in the fig.3 and fig.4.

According to fig. 3 and fig.4, we observed that the
variation in the CSR curves of Youd et al method , and
Idriss and Boulanger method is almost similar and the
difference between the curves due essentially to the MSF
factor in second method .

Fig. 5 and fig.6 present a huge variation in the CRR
curves using the two methods, which impact the values
of safety factor.

According to the analysis of the different graphs in the
fig.7 and fig.8, as interpretation we found the common
layers which are the most affected in the depths between
11 and 16 m, with a high liquefaction probability where
the factor of security much less than 1 for the two
method.

Fig.9 and fig.10 present the results obtained in terms of
safety factor of the Rhiss dam in depth 11m, according
to the analysis of the different surveys we found that the
variation in the factor of security for SD7 is similar with
a less risk of liquefaction, therefore for SD1 and SD3,
we found that those areas present an average probability
of liquefaction, finally for the other surveys SD5 and
SD6 our safety factor presents values less than 1,
essentially SD4 area with high risk for liquefaction
according to the two method, which presents the first
area influenced during earthquakes.
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Conclusion

For liquefaction to occur, a combination of
phenomena must be present, and first of all there must be
an opportunity for liquefaction, which means that the
energy of waves generated by the earthquake must be
sufficient for the phenomenon to take place. The soil
must also be susceptible to liquefaction and saturation
underwater. If these three conditions are met, the
liquefaction risk must be quantified for the seismic
action in question. The consequences of liquefaction can
then be assessed and soil treatment considered if
necessary.

Based on the data from five surveys of the pressuremeter
Menard test in the RHISS dam site, the susceptibility of
liquefaction calculations were estimated by calculation
the safety factor using two methods based on the cyclic
stress approach which are the Idriss and Boulanger
method and Youd et al method.

The results of these calculations allowed us to conclude
that our studied site presents a high risk of liquefaction
due the seismic context and geological of the region.
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