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Abstract 

The phenomenon of soil liquefaction can be an induced effect of earthquake shaking where the saturated soil loses some 

or all of its bearing capacity and stiffness. Likewise, the increase of water pressure in the soil pores under the seismic wave 

causes a decrease of the shear strength. As a result, the soil becomes liquefied and susceptible to producing permanent 

deformations. The phenomenon of liquefaction is generally unpredictable, and neglecting it can influence the stability of 

structures and infrastructure foundations. Since the 1964 Alaska and Niigata earthquakes, more research works have been 

conducted to assess land liquefaction vulnerability. This study is undertaken in this field, whose objective, on the one hand, 

is to signal the phenomenon of liquefaction in the north of Morocco as a geo-technical part known for its instability and, 

on the other hand, to study the semi-empirical methods to adequately evaluate the liquefaction potential while specifying 

the most appropriate method for our case study. Similarly, the study is based on data derived from experimental results of 

in-situ tests applied to the embankment crossing the valley of "Oued Gharifa" on a high-speed rail line section from KP 

228+400 to KP 229+375. Moreover, this research aims to show and discuss the evaluation of liquefaction potential of the 

experimental results of the CPT (cone penetration test) using three semi-empirical methods, namely the Juang method, the 

Olsen method, and the Robertson method. In doing so, we are going to compare the application results of the three semi-

empirical methods in light of evaluating the liquefaction likelihood of the studied area, taking into account the nature of 

the soil, the variation of the safety coefficient, and the liquefaction potential for each method as well. 
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1. Introduction 

Soil liquefaction is one of the most dangerous phenomena that generally affects saturated, powdery soils. Under 

earthquake shaking and undrained conditions, the soil loses some or all of its bearing capacity. This loss is due to 

increasing pressure in soil pores, which leads to effective stress diminution where the soil can no longer resist the shear 

forces. Hence, the soil liquefaction causes enormous deformations that directly influence the stability of a structure’s 

foundation and infrastructure. Historically, the economic and human damages caused by the earthquakes in Niigata and 

Alaska in 1964 [1–3] pushed researchers around the world to develop approaches for understanding the liquefaction 

risk. Consequently, several semi-empirical methods have been developed through theoretical considerations and 

experimental results, especially in-situ test results. 
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These methods are organized into three main families, namely, the cyclic deformation approach [4, 5], the energy 

approach [6] and the cyclic stress approach [7–11]. The study is based predominantly on the most developed and 

practically used approach, i.e., the cyclic strain approach, seen as the estimation of the ratio of cyclic strain to cyclic 

resistance [12–14]. 

At the beginning, these approaches were based on laboratory tests like the triaxial test so as to study the movement 

of the soil which requires transferring the samples to the laboratory; a process whereby their original and natural state 

might know such impact. For this reason, the evaluation of liquefaction potential is based on the in-situ tests, mainly the 

CPT test (cone penetration test) [8, 15] and the SPT test (dynamic penetrometer test) [16], where the semi-empirical 

methods are meant to relate the latter with historical cases in order to obtain a relation giving an increase in pressure in 

the pore as a function of earthquake magnitude. 

Within this context, this article is established in two parts and aims to first explain the liquefaction phenomenon 

using semi-empirical methods applied in evaluating liquefaction potential in order to give importance to this 

phenomenon in Morocco as a country known for its geological and geotechnical particularities. Then, investigate the 

susceptibility of liquefaction in the compressible area of the valley of Oued Gharifa to realize the section of the high-

speed line from KP 228+400 to KP 229+375 in the northwest of Morocco. Furthermore, the semi-empirical methods 

used in this paper are considered to be part of the cyclic stress approach and are based on the results of the cone 

penetration tests (CPT), particularly the Olsen method [8, 17], the Robertson method [9, 18], and the Juang me thod 

[7, 19]. 

2. Semi-Empirical Methods for the Estimation of Liquefaction Potential 

Nowadays, there are various semi-empirical methods to determine the liquefaction susceptibility of a soil, which is 

quantified by a liquefaction potential. This potential represents the soil's ability to resist under seismic stress, to put it 

differently, it depends mainly on the type of soil, particle shape (granulometry), relative density, degree of saturation, 

and the magnitude of the earthquake. Semi-empirical methods have been established through the observation of 

earthquake histories as well as the results of in-situ tests. Accordingly, these methods could be classified into three 

approaches: 

 Cyclic stress approach;  

 Cyclic deformation approach;  

 Energy approach. 

Above all, the evaluation of the liquefaction potential was made via laboratory tests in order to analyze the 

response of soil to earthquakes. This action, subsequently, changes the structure and texture of the soil and results in 

a direct influence on resistance to liquefaction. For this reason, in-situ tests are the most commonly used to estimate 

the potential for liquefaction. As a matter of fact, not only the static penetrometer test (CPT) and the dynamic 

penetrometer test (SPT) allow us to obtain intact samples but also the mechanical characteristics of the soil. 

Regarding these ideas, we are going to emphasize the cyclic stress approach, which represents the soil response to 

earthquake solicitations, by calculating the safety factor (𝐹𝑠), which is defined as the ratio of the cyclic resistance 

CRR to the cyclic stress CSR (Equation 1) [20, 21]: 

𝐹𝑠 = 𝐶𝑅𝑅/𝐶𝑆𝑅 (1) 

2.1. Evaluating Cyclic Resistance (CRR) 

2.1.1. Olsen Method 

It is to mention that Olsen et al has facilitated the estimation of the CRR considering the evaluation of the CRR1 

which represents the normalized cyclic liquefaction resistance ratio. Also, considering the results from the CPT test, 

chiefly, 𝑞𝑐 representing the tip resistance and 𝑓𝑠 the sleeve friction resistance, CRR1 is given as follows: 

CRR1 = 0.00128 (
qc

σ′v0
)

0,7

− 0.025 + 0.17Rf − 0.028Rf
2 + 0.0016Rf

3  (2) 

where 𝜎′𝑣0 is the effective stress and Rf is the rational fiction. Fiction ration is expressed as follows: 

Rf =
fs

qc
× 100  (3) 



Civil Engineering Journal         Vol. 9, No. 02, February, 2023 

425 

 

Subsequently, the cyclic resistance ratio CRR can be determined with reference to CRR1 ratio, therefore the effect 

of the in-situ vertical effective stress and the magnitude of the earthquake CRR is given as the following: 

𝐶𝑅𝑅 = 𝐶𝑅𝑅1×𝑀𝑆𝐹×𝐾𝜎×𝐾α (4) 

where MSF is the estimated magnitude scale factor, 𝐾𝜎 is the stress factor for confinement scaling, it adjusts the failure 

envelope curvature from liquefaction strength to the vertical effective stress envelope [22-24], and 𝐾𝛼 is the Scale factor 

of initial shear stress. 

2.1.2. Juang Method 

According to Juang et al, the cyclic strength ratio can be evaluated as follows: 

CRR = Cσexp [−2.957 + 1.264 (
qc1N,cs

100⁄ )
1.25

]  (5) 

where Cσ is given as the following 

Cσ = −0.016 (
σ′

v0
100

⁄ )
3

+ 0.178 (
σ′

v0
100

⁄ )
2

− 0.063 (
σ′

v0
100

⁄ ) + 0.903  (6) 

KI = 2.249(Ic)4 − 16.943(Ic)3 + 44.551(Ic)2 − 51.497(Ic) + 22.802  (7) 

Ic = [(3.47 − log10qc1N)2 + (log10F + 1.22)²]0.5  (8) 

F is normalized friction ratio defined as: 

F =
fs

(qc − σv)⁄ × 100  (9) 

2.1.3. Robertson Method 

Based on the method of Robertson & Wride (1998) [9], the cyclic strength ratio can be estimated using the following 

equation: 

Si 50 ≤ (𝑞𝑐1𝑁) < 160:        𝐶𝑅𝑅 = 93 [ (𝑞𝑐1𝑁)𝑐𝑠 / 1000 ] 3 + 0.08 (10) 

Si (𝑞𝑐1𝑁) < 50:                  𝐶𝑅𝑅 = 0.833 [ (𝑞𝑐1𝑁)𝑐𝑠 /1000 ] 3 + 0.05 (11) 

with (1𝑁)𝑐𝑠 the clean sand equivalent standardized penetration resistance calculated as follows: 

(𝑞𝑐1𝑁)𝑐𝑠 =  𝐾𝑐 𝑞𝑐1𝑁 (12) 

 q𝑐1𝑁 is normalized penetration resistance, determined on the basis of the penetration resistance of the cone and 

corrected for the effective stress; 

 𝐾𝑐 is a correction factor depending on the characteristics of the soil grains, which will be defined hereafter; 

 Ic is the soil behavior type index; 

 𝜎𝑣 et 𝜎𝑣 ′ are both total and effective constraints; 

 𝑃𝑎 𝜎𝑣 ′ is a pressure reference, has the same units as (𝑃𝑎 = 100 kPa if 𝜎𝑣 ′ expressed in kPa); 

 𝑃𝑎2 is a reference pressure has the same units as 𝑞𝑐 and 𝜎𝑣 (𝑃𝑎2 = 0.1 MPa if 𝑞𝑐 e and 𝜎𝑣 are in MPa). 

Figure 1 shows the flowchart of the research methodology through which the objectives of this study were achieved. 
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Figure 1. Method for evaluating Cyclic Resistance Ratio (CRR) [9] 
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2.2. Evaluating Cyclic Ratio Stress (CSR) 

The cyclic stress ratio represents the average cyclic shear stress in a layer normalized to the vertical effective stress, 

this ratio is presented by Seed and Idriss 1971 [25] in following formula: 

𝐶𝑆𝑅 = 𝜏𝑎𝑣g /𝜎′𝑣 = 0.65 (𝑎𝑚𝑎𝑥 /𝑔) ( 𝜎𝑣 /𝜎′𝑣 ) 𝑟d (13) 

where 𝜏avg is the average cyclic shear stress in a normalized layer, 𝜎′𝑣 is the effective vertical stress, amax is the maximum 

amplitude of the horizontal acceleration, g is the acceleration of gravity, 𝜎v is the total vertical stress from the weight of 

the overlying soils, and rd is the stress-reducing coefficient which is calculated as a function of depth by Liao and 

Whitman [26] using the following equations: 

𝑟𝑑 = 1 – 0.00765                                                              Si : 𝑧 ≤ 9.15 𝑚 (24)  

𝑟𝑑 = 1 – 0.00765 𝑧                                                           Si : 9.15 𝑚 < 𝑧 ≤ 23 𝑚  

𝑟𝑑 = 0.744 – 0.008 𝑧                                                        Si : 23 𝑚 < 𝑧 ≤ 30 𝑚                                                     

𝑟𝑑 = 0.5                                                                            Si : 𝑧 > 30 m 

(14) 

2.3. Evaluating Liquefaction Potential 

The conditional probability of liquefaction at a site in each seismic event can be calculated (Juang et al. [7]) as 

follows: 

𝑃𝐿 =
1

1+(
𝐹𝑠

𝐴⁄ )
𝐵  (15) 

where, A and B coefficients expressed for each method in Table 1. 

Table 1. A and B according to the method used 

Reference A B 

Olsen (1997) [8] 1 2.78 

Juang et al. (2003) [7] 0.96 4.50 

Robertson & Wride (1998) [9] 1 3.30 

Using the PL probability index, the occurrence of liquefaction can be ranked and analyzed based on the Table 2. 

Table 2. Liquefaction occurrence based on probability index [27] 

Probability index Class Liquefaction probability 

PL ≥ 0,85 5 Liquefaction almost certain 

0,65≤ PL< 0,85 4 Liquefaction very likely 

0,35≤ PL< 0,65 3 Liquefaction and non-liquefaction are possible 

0,15≤ PL< 0,35 2 Liquefaction unlikely 

PL< 0,15 1 Liquefaction almost impossible 

3. Case Study 

3.1. Geographic Location and Geological Context of the Study Area 

Our case study is part of the compressible zone of the Oued Gharifa valley, with the aim of realizing the section from 

KP 228+400 to KP 229+400 of the high-speed line linking Tangier and Casablanca. Figure 2 represents a satellite view 

of our study area. The covering soils of the surrounding hills are Pliocene shell silts, with, at the foot of the slopes, 

colluvium from these terraces. From a structural point of view, the area is attached to the Habt nappe. It seems that the 

area is close to a contact between the pelites with rare sandstone turbidite beds of the middle Eocene to the Oligocene 

and the sandstone turbidites with marly beds of the Oligocene. 

3.2. Soil Condition and Fact-Finding Mission at the Study Area (Description of the Geotechnical Longitudinal Profile) 

Laboratory identification and characterization tests were carried out at different depths (up to 36m) on intact and 

reworked samples from the core borings. These surveys allowed the establishment of a detailed geotechnical profile 

represented as follows: 

 At the end of the valley, precisely between KP228+460 to KP228+600, a slightly consistent clay is encountered, 

5 to 7m thick, overlying the pelitic bedrock, which has a weathering fringe about 5 m thick, 

 From KP 228+600 to KP 228+900, there is an appearance of mudstone formations, underlying beige clays and 

alluvium intercalated between the bedrock and the surface clay formation, 
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 From KP 228+900 to KP 229+300, a second zone of bedrock excavation appears with the disappearance of the 

altered fringe replaced by alluvial deposits, 

 From KP 229+300, at the foot of the slope, sandy colluvium resting directly on the pelitic bedrock. 

Another point is that several in-situ tests were done, including pressuremeter tests, dynamic penetrometer tests, 

scissometer tests, and static penetrometer tests, whose results have been used to evaluate the liquefaction risks (see Table 

3). 

 

Figure 2. Satellite view of the studied site 

Table 3. Mechanical and in-situ parameters of soil layers 

Area KP Layer 
Thickness 

(m)  

Cu 

(kPa) 

γ 

(Kn/m3) 

CPT Pressuremeter 
Scissor 

meter 

qc (MPa) Pl*(MPa) E(MPa) Su (kPa) 

Area 1 KP 228+600 

Slightly Consistent Clay 6.5 48 20.8 1.5 - 3 0.65-1.05 3.6-35 85 to >9 

Pelitic Clay 5.5 110 19 15 - 2.5 1.2-3.1 4.8-110 - 

Grey Pelite >5   - >5 142- 545 - 

Area 2 KP 228+860 

Over-Consolidated Crust 2 50 20.8 1.5 - 3 0.65-1.05 3.6-35 85 to >9 

Slightly Consistent Clay 3 38 20.8 1.5 - 3 0.65-1.05 3.6-35 85 to >9 

Blackish Silt 3 29 19 0.4 – 0.7 0.111-0.34 0.15-1.9 32-51 

Beige Silty Clay 5 76 20.7 0.75 – 1.1 - - 90 

Alluvium 2.5 - 20 4 - 7 - 

Pelitic Clay 4 110 19 1.5 – 2.5 1.2-3.1 4.8-110 - 

Grey Pelite >5   - >5 142- 545 - 

Area 3 KP 229+120 

Over-Consolidated Crust 2 50 20.8 1.5-3 0.65-1.05 3.6 - 35 85 to >9 

Slightly Consistent Clay 4.5 38 20.8 1.5-3 0.65-1.05 3.6 - 35 85 to >9 

Blackish Silt 6.5 29 29 0.4-0.7 0.111-0.34 0.15 – 1.9 32-51 

Alluvium 6 39 20 4 - 7 - 

Grey Pelite >5 -  - >5 142- 545 - 

Area 4 KP 229+325 

Beige Sand 1 - 19 4 - - - 

Slightly Consistent Clay 3 90 20.8 1.5-3 0.65-1.05 3.6 - 35 85 à >9 

Alluvium 3 - 20 4 - 7 - 

Grey Pelite >5   - >5 142- 545 - 



Civil Engineering Journal         Vol. 9, No. 02, February, 2023 

429 

 

3.3. Seismic Risk 

According to RPS 2000 revised in 2011 [28], the valley of Oued Gharifa is part of the seismic zone N° 3, where the 

maximum horizontal acceleration of the ground Amax = 14% g and the maximum horizontal velocity of the ground 

Vmax=13 cm/s (Figure 3). 

 

Figure 3. Seismic zoning in acceleration and velocity for probabilities of 10% in 50 years Morocco 2011 

The valley of Oued Gharifa is characterized by a maximum intensity limited between VII and VIII, but for safety 

reasons (area near regions of high seismic intensity) we consider an intensity of IX that corresponds to a magnitude M 

= 6.5. 

4. Results and Discussions 

Given the data of the four CPT test surveys, we were able to evaluate the safety coefficient, as well as the liquefaction 

potential of the embankment crossing the Gharifa river valley, between KP228+400 and KP229+375. However, the 

evaluation of the liquefaction susceptibility of this compressible zone was established by three semi-empirical methods 

through cyclic stress approach (See results in Table 4). 

4.1. Evaluating Liquefaction Potential 

In analyzing the calculations based on the CPT test outputs and regarding the four surveys that used the three semi-

empirical methods, we notice that:  

 The survey undergone at KP 228+600 in the northern part of the valley shows low liquefaction potential due to 

the existence of clay layers less susceptible to liquefaction. 

 The results in zone two at KP 228+860, indicate that the liquefaction potential is higher for the layers located 

between 8m and 12m. This susceptibility is mainly due to the existence of beige silty clays and alluvium 

characterized by a PL exceeding 0.5. 

 Including all of the three methods, sector three at KP 229+120 is characterized by a low susceptibility to 

liquefaction for a depth greater than 13m. Conversely, the layers shaped by alluvium show a high PL. 

 For the last area at KP 229+325, a high PL is observed for the depth of 0.1m to 1m and of 4m to 7m, due to the 

existence of a sandy formation of 1m thickness on the surface clays and alluvium constituting a layer of 3m 

thickness susceptible to liquefaction. 

4.2. Comparison between Methods’ Results 

In this section, we compare the three semi-empirical methods of the more liquefaction-prone areas of the two 

boreholes at KP 228+860 and KP 229+325. 

In the Figure 4, we notice the variation of safety factor at KP 228+860 where the depths of less than 4 have a FS less 

than 1m, which presents a susceptibility to liquefaction. 
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Table 4. In-situ characteristics 

Area KP 
Depth 

(m) 
Classification 

Olsen method Juang method Robertson method 

CRR CSR FS PL CRR CSR FS PL CRR CSR FS PL 

Area 1 KP 228+600 

1 

Slightly 
Consistent Clay 

0.19 0.16 1.19 0.38 0.18 0.11 1.62 0.09 0.19 0.11 1.71 0.15 

2 0.16 0.17 0.94 0.54 0.12 0.12 1.02 0.44 0.13 0.12 1.10 0.42 

3 0.2 0.16 1.25 0.35 0.09 0.11 0.81 0.68 0.10 0.11 0.90 0.59 

4 0.14 0.15 0.93 0.55 0.15 0.10 1.44 0.14 0.16 0.10 1.54 0.20 

5 0.19 0.13 1.46 0.26 0.17 0.09 1.88 0.05 0.14 0.09 1.55 0.19 

7 

Pelitic Clay 

0.3 0.2 1.50 0.24 0.16 0.14 1.15 0.31 0.20 0.14 1.44 0.23 

8 0.31 0.21 1.48 0.25 0.2 0.15 1.37 0.17 0.30 0.15 2.06 0.08 

9 0.28 0.18 1.56 0.23 0.21 0.13 1.68 0.07 0.19 0.13 1.52 0.20 

10 0.2 0.13 1.54 0.23 0.18 0.09 1.99 0.04 0.18 0.09 1.97 0.10 

11 0.23 0.16 1.44 0.27 0.17 0.11 1.53 0.11 0.17 0.11 1.49 0.21 

Area 2 KP 228+860 

1 Overconsolidated 

Crust 

0.27 0.17 1.59 0.22 0.16 0.12 1.36 0.17 0.19 0.12 1.61 0.17 

2 0.22 0.16 1.38 0.29 0.19 0.11 1.71 0.07 0.13 0.11 1.17 0.37 

3 

Slightly 

Consistent Clay 

0.19 0.12 1.58 0.22 0.13 0.08 1.56 0.10 0.10 0.08 1.20 0.35 

4 0.34 0.18 1.90 0.14 0.18 0.13 1.44 0.14 0.16 0.13 1.28 0.31 

5 0.28 0.16 1.75 0.17 0.17 0.11 1.53 0.11 0.14 0.11 1.26 0.32 

6 

Blackish Sludge 

0.33 0.18 1.83 0.16 0.192 0.13 1.54 0.11 0.20 0.13 1.60 0.17 

7 0.23 0.18 1.29 0.33 0.18 0.13 1.44 0.14 0.23 0.13 1.84 0.12 

8 0.33 0.18 1.82 0.16 0.15 0.13 1.20 0.27 0.19 0.13 1.52 0.20 

9 

Beige Silty Clay 

0.14 0.16 0.88 0.59 0.12 0.11 1.08 0.37 0.12 0.11 1.08 0.44 

10 0.16 0.17 0.94 0.54 0.1 0.12 0.85 0.64 0.08 0.12 0.68 0.78 

11 0.14 0.15 0.93 0.55 0.09 0.10 0.86 0.62 0.11 0.10 1.06 0.46 

12 0.15 0.17 0.88 0.59 0.11 0.12 0.93 0.53 0.09 0.12 0.76 0.71 

13 0.2 0.18 1.11 0.43 0.16 0.13 1.28 0.22 0.17 0.13 1.36 0.27 

14 0.19 0.18 1.06 0.46 0.15 0.13 1.20 0.27 0.18 0.13 1.44 0.23 

Area 3 KP 229+120 

1 Overconsolidated 

Crust 

0.21 0.19 1.14 0.41 0.15 0.13 1.12 0.33 0.17 0.13 1.33 0.28 

2 0.23 0.18 1.27 0.34 0.13 0.12 1.09 0.36 0.20 0.12 1.61 0.17 

3 

Slightly 

Consistent Clay 

0.21 0.15 1.37 0.30 0.12 0.11 1.16 0.30 0.12 0.11 1.16 0.38 

4 0.19 0.17 1.13 0.42 0.13 0.12 1.13 0.32 0.16 0.12 1.36 0.26 

5 0.24 0.16 1.50 0.25 0.15 0.11 1.34 0.18 0.13 0.11 1.17 0.37 

6 0.20 0.19 1.04 0.47 0.14 0.13 1.07 0.38 0.16 0.13 1.23 0.33 

9 

Blackish Sludge 

0.19 0.17 1.10 0.43 0.17 0.12 1.42 0.15 0.18 0.12 1.55 0.19 

10 0.22 0.16 1.36 0.30 0.14 0.11 1.23 0.25 0.12 0.11 1.09 0.43 

11 0.27 0.19 1.38 0.29 0.15 0.13 1.15 0.31 0.15 0.13 1.14 0.40 

12 0.12 0.10 1.18 0.39 0.10 0.07 1.42 0.15 0.10 0.07 1.40 0.25 

13 0.16 0.17 0.95 0.54 0.14 0.12 1.17 0.29 0.11 0.12 0.93 0.56 

15 0.15 0.13 1.09 0.44 0.08 0.09 0.89 0.59 0.08 0.09 0.89 0.60 

16 0.15 0.16 0.95 0.53 0.10 0.11 0.91 0.56 0.11 0.11 0.95 0.54 

19 0.11 0.12 0.94 0.54 0.07 0.08 0.85 0.64 0.09 0.08 1.08 0.44 

Area 4 KP 229+325 

0.5 
Beige Sand 

0.14 0.18 0.78 0.67 0.12 0.13 0.96 0.50 0.11 0.13 0.88 0.60 

1 0.18 0.20 0.90 0.57 0.13 0.14 0.94 0.53 0.13 0.14 0.94 0.55 

2 

Slightly 

Consistent Clay 

0.21 0.20 1.05 0.47 0.20 0.14 1.44 0.14 0.18 0.14 1.30 0.30 

3 0.23 0.19 1.21 0.37 0.18 0.13 1.36 0.17 0.22 0.13 1.67 0.16 

4 0.19 0.17 1.12 0.42 0.16 0.12 1.35 0.18 0.16 0.12 1.39 0.25 

6 
Alluvium 

0.13 0.15 0.87 0.60 0.09 0.10 0.86 0.62 0.08 0.10 0.77 0.70 

7 0.18 0.16 1.13 0.42 0.14 0.11 1.26 0.23 0.19 0.11 1.71 0.15 
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Figure 4. Fs KP 228+600 

The variation of the FS curves is almost similar for the Juang and Robertson methods down to 4 m depth.  

In Figure 5, we observe a discrepancy in variation of the CSR curves of the Olsen method and CSR of the other two 

methods, i.e. this discrepancy is mainly due to the introduction of the factor MSF in calculations of Juang method and 

Robertson method. This variation has an impact on the safety factor values though. 

 

Figure 5. CSR KP 228+600 
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For a depth between 4m and 8m, we notice a difference between the variation curves of FS for Juang method and 
Robertson method to that of the Olsen method, this is mainly due to the variation of the CRR (Figure 6). 

 

Figure 6. CRR KP 228+600 

According to the analysis of the variation of the liquefaction potential in Figure 7, we find that the presented deviation 
is related to the change of the coefficients A and B depending on the method used. The three methods, however, show 
the same susceptibility of the layers to seismic stress. 

 

Figure 7. PL KP 228+600 
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Figure 8 illustrates the variation of the safety factor in the case KP 229+325, in which we notice the Fs is lower than 

1. Also, it’s clear that the variation of the Fs curves according to the three methods is almost similar at depths greater 

than 5 m. 

 

Figure 8. Fs KP 229+325 

 In contrast, the variation corresponding to the depths lower than 5m wherein we notice a difference between the 

curve of variation of the method of Olsen and the other two methods, this latter is due more particularly to the insertion 

of the factor MSF in the calculation of CSR in the method of Juang and that of Robertson (See Figures 9 and 10). 

 

Figure 9. CSR KP 229+325 
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Figure 10. CRR KP 229+325 

These analyses presented on the safety factor are directly projected on the variation of the liquefaction potential 

curves provided in Figure 11. The difference between the variation of PL and Fs is mainly related to the change of 

coefficients A and B from one method to the other. 

 

Figure 11. PL KP 229+325 
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Overall, with reference to the analysis of the different graphical illustrations of the liquefaction potential linked to 

the three methods used and for both of the selected profiles, we can deduce that the studied area presenting a PL between 

0.15 and 0.35 corresponds to unlikely liquefaction, and a PL between 0.35 and 0.65 corresponds to a probability of 

liquefaction and not liquefaction under earthquake solicitations. 

5. Conclusion 

Since the Niigata and Alaska earthquakes in 1964, soil liquefaction has become the most interesting field of study 

in soil dynamics. As given earlier, a combination of a variety of factors should be available so that this phenomenon 

could take place. Firstly, the energy generated by the seism has to be sufficient. Secondly, the ground must be susceptible 

to liquefaction. Finally, a situation of underwater saturation should exist. If these conditions are present at a given site, 

liquefaction will be initiated, and consequently, its effects, such as boiling and slumping, will be a distinct indicator of 

its extent and severity. 

Broadly speaking, many research studies have been developed in this regard with the intention of determining the 

potential of liquefaction. In this paper, the estimation of the liquefaction potential of soils in the compressible zone along 

Oued Gharifa was done using three semi-empirical methods based on the cyclic stress approach: the Olsen method, the 

Robertson method, and the Juang method. The data used to estimate the liquefaction potential of the section of the high-

speed line from KP 228+400 to KP 229+375 are believed to be the outputs of the CPT tests. 

We were able to verify the liquefaction susceptibility of the study area as well as compare the variation of the safety 

coefficient and the liquefaction potential for each method. Comparing the different methods used, we can conclude that 

the Juang method remains the most adapted and the most robust compared to the two other methods, mainly the 

Robertson method, which requires the intervention of several corrections. Finally, we can consider that the clays and 

muds shaping the northern part of the valley of Oued Gharifa are not liquefiable, unlike the foot of the slope, which is 

characterized by the existence of sandy colluvium resting directly on the pelitic bedrock and which has a high potential 

for liquefaction. 
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