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a b s t r a c t 

Slope-stability analysis is one of the parameters in the de- 

sign of road embankments that the designer must consider 

in order to ensure stable and safe construction. The technical 

standards recommend slopes to heights of 12 m, depending 

on the soil types and the topography. In the present work, 

the limit equilibrium methods (Fellenius, Bishop, Janbu, 

Morgensten-Price) and the finite element method are used to 

determine the safety factor of road embankments for differ- 

ent slopes flanking the road. Five embankment heights were 

simulated: 6 m, 12 m, 18 m, 24 m, and 30 m. The dataset 

compiled can be used for modeling embankments. 
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pecifications Table 

Subject Civil and Structural Engineering 

Specific subject area Safety factor of road embankment 

Type of data Tables and Figures 

How data were acquired The data was generated by numerical simulation in GeoStudio Software. 

Data format Raw and primary processed data 

Parameters for data collection Data were collected via the GeoStudio Software by using the limit equilibrium 

methods (Fellenius, Bishop, Janbu, and Morgensten-Price) and finite element 

method 

Description of data collection For data collection, several factors were taken into consideration, including the 

stress-stress state in each model, the yielding in the foundation and 

embankment, and the value of the safety factor. In this work, five embankment 

heights were modeled: 6 m, 12 m, 18 m, 24 m, and 30 m. Each model had 

different slopes as well as different soils in the core of the embankment and 

foundation. In addition, five methods were used to calculate the safety factor: 

Fellenius, Bishop, Janbu, Morgensten-Price, and the finite element method. 

Data source location Institution: Universidad Autónoma de Nuevo León, Instituto de Ingeniería Civil. 

City: Nuevo León 

Town: San Nicolás de los Garza 

Region: Ciudad Universitaria 

Country: Mexico (25 °44 ′ 00.07 ′′ N, 100 °18 ′ 22.55 ′′ O) 

Data accessibility http://dx.doi.org/10.17632/59j9bvsrxt.2 

Related research article Mesa-Lavista, M. Tejeda-Piusseaut, E., Analysis of slope stability in 

embankment still 18 m heights through the limit equilibrium methods and the 

finite element method (In Spanish), Revista cubana de ingeniería. IX (2019) 

49-56. https://rci.cujae.edu.cu/index.php/rci/article/view/519 [1] 

alue of the Data 

• The dataset shows the values of safety factors determined for varying embankment heights,

using different methods. 

• The data can be used for road-embankment design and railway engineering. 

• In embankment design, with soils similar to those of the database, which are common in

such structures, the safety-factor value is given by different methods and varying embank-

ment heights, and these can be used for comparisons with other results. 

. Data Description 

The dataset provides the results for the safety factor of embankment modeling at varying

eights by using different methods. GeoStudio software has several modules, two of which

ere used to model the embankments of this work: SIGMA/W modulus [2] for establishing the

tress-strain relationship and the SLOPE/W [3] modulus for determining the safety factor of the

oil structures. The software offers five methods to determine the safety factor in embankment

lopes, four being limit equilibrium methods (Fellenius, Bishop, Janbu, and Morgensten-Price),

nd the other being the finite element method. This latter method considers the stress-strain

n the embankment in calculating the safety factor, and therefore the safety-factor behavior in

he dataset for this method differs from the others. Mohr-Coulomb was the constitutive model

sed. For load, the initial stress of foundation soil was used, the embankment characteristics

ere added, and finally the pavement load of 14 kPa on the embankment was considered. 

The numeric model was calibrated and validated, and the foundation depth was defined by

ollowing the instructions in [1] . 

In the dataset from http://dx.doi.org/10.17632/59j9bvsrxt.2 the values of safety factor for 6 m,

2 m, 18 m, 24 m and, 30 m are provided. In addition, graphs illustrating the behavior of safety

actors for each method and height are available and display the tabulated values. 

http://dx.doi.org/10.17632/59j9bvsrxt.2
https://rci.cujae.edu.cu/index.php/rci/article/view/519
http://dx.doi.org/10.17632/59j9bvsrxt.2
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Fig. 1. Variation of slope embankments 12 m high. 

Fig. 2. Variation of slope embankments 18 m high. 

 

 

 

 

 

 

 

Fig. 1 shows the different slopes used to model the embankment of 12 m high. Six vari-

ants were considered. For the 1st and 2nd variants ( Fig. 1 a), one slope was considered for each

height, 1.5:1 and 2:1, respectively. In the 3rd variant ( Fig. 1 b), a change in slope was considered

at 6 m high. For the other three variants ( Fig. 1 c), a berm 2 m wide was considered at 6 m high.

Fig. 2 presents all the variants used in embankments 18 m high. Fig. 2 a shows that this

embankment was divided into three-parts 6 m high each. The first 6 m have a slope of 2:1, a

berm was modeled, and then two slopes of 2:1 and 1.5:1 were used for the upper 12 m. Fig. 2 b



4 M. Mesa-Lavista, J. Álvarez-Pérez and E. Tejeda-Piusseaut et al. / Data in Brief 38 (2021) 107315 

Table 1 

Slopes for embankments 24 m high. 

Height 24 m 

1st variant 
Slope 2:1 

Height 1st 12 m Berm 2nd 12 m 

2nd variant 
Slope 2:1 2 m 

wide 

2:1 

Height 1st 6 m 2nd 6 m Berm 3rd 6 m 4th 6 m 

3rd variant 
Slope 2:1 1.5:1 2 m wide 2:1 1.5:1 

Height 1st 6 m Berm 2nd 6 m Berm 3rd 6 m Berm 4th 6 m 

4th variant 
Slope 2:1 2 m 

wide 

2:1 2 m 

wide 

2:1 2 m 

wide 

2:1 

Fig. 3. Variation of slope embankments 24 m high. 
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epresents two ways of modeling the slopes, one with a slope of 2:1 and the other with a slope

f 1.5:1, totaling 18 m high. Fig. 2 c illustrates the modeling of an embankment with two slopes

 m high, the lower one 2:1, and the higher one 1.5:1. Finally, Fig. 2 d and e depict a four-way

odeling of the embankment slopes measuring a total of 18 m, with berm at each 9 m and 6 m,

espectively. 

Tables 1 and 2 show the slopes for embankments 24 m and 30 m high, respectively. For the

mbankment 24 m high, four variants were modeled, first with a slope of 2:1 in all cases, and

econd ( Fig. 3 a) with a berm at 12 m high. The third variant ( Fig. 3 c) was modeled with a berm

nly at 12 m high, with a slope change at 6 m high. The last variant (4th) had a berm at 6-m

ntervals. For the embankment 30 m high, three variants were modeled, the first variant ( Fig. 4 a)

ith a berm at 15 m high and the others with a change every 6 m ( Fig. 4 b and c). 

Tables 3 and 4 show the physical and mechanical parameters of the soil employed in em-

ankment and foundation modeling. 

The dataset ( http://dx.doi.org/10.17632/59j9bvsrxt.2 ) illustrates the results from the modeling

f 900 simulations. Table 5 exemplifies a legend by colors for interpreting the results, where yel-

ow tones represent the yielding of the embankment and the orange tones represent the yielding

n the foundation. As the stress-strain was also considered in the models, the alteration/non-

lteration in the stress-strain state were determined, as shown in Fig. 5 . This figure corresponds

o the embankment of 6 m high with slope 1:1, soil in embankment A-1, V.1, and the founda-

ion with a California Bearing Ratio (CBR) = 3%. Because the stress and displacement field are

ltered, the numbers of Table 6 appear in red for that model. The numbers in italics correspond

o the values of less than 1.5 of the safety factor. Values greater than 1.5 are acceptable safety

actors. The underlined numbers signify that the safety-factor values are close to the limit num-

er 1.5. Also, in Fig. 5 the embankment and the foundation are yielding, and therefore the text in

able 6 is highlighted in dark orange. 

http://dx.doi.org/10.17632/59j9bvsrxt.2
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Table 2 

Slopes for embankments 30 m high. 

Height 1st 15 m Berm 2nd 15 m 1st variant 

Slope 2:1 2 m wide 2:1 

Height 1st 6 m Berm 2nd 6 m 3rd 6 m Berm 4th 6 5th 6 m 2nd variant 

Slope 2:1 2 m wide 2:1 1.5:1 2 m wide 2:1 1.5:1 

Height 1st 6 m Berm 2nd 6 m Berm 3rd 6 m Berm 4th 6 Berm 5th 6 m 3rd variant 

Slope 2:1 2 m wide 2:1 2 m wide 2:1 2 m wide 2:1 2 m wide 2:1 
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Fig. 4. Variation of slope embankments 30 m high. 

Table 3 

Physical and mechanical soil parameters considered for the core of the embankment. 

AASHTO Classification A-1 A-2 A-3 A-4 

Parameters V.1 V.2 V.3 V.1 V.2 V.3 V.1 V.2 V.3 V.1 V.2 V.3 

γ(kN/m 

3 ) Specific weight 21 22 23 20 21.5 23 20 20 20 18 20.5 23 

w (%) Moisture 15 11 7 18 13.5 9 9 13.5 18 20 15 10 

E (MPa) Deformation modulus 30 40 50 25 35 45 20 30 40 10 15 20 

C (kPa) Cohesion 2 4 6 2 5 8 4 6 8 10 25 40 

Ø ( °) Friction angle 30 35 40 30 35 40 30 35 40 25 30 35 

μ (adim) Poisson’s ratio 0.25 0.25 0.25 0.25 0.25 0.25 0.30 0.30 0.30 0.30 0.30 0.30 

� ( °) Dilatancy angle 4.50 5.25 6.00 4.50 5.25 6.00 4.50 5.25 6.00 3.75 4.50 5.25 

Table 4 

Physical and mechanical soil parameters considered for the foundation of the embankment. 

California Bearing Ratio Deformation modulus (kPa) Specific weight Poisson Cohesion Friction Dilatancy 

CBR (%) E d = 6 . 5 CB R 0 . 65 γ (kN/m 

3 ) μ (adim) C (kPa) Ø ( °) � ( °) 

15% 38,0 0 0 22.00 10 40 6.0 

5% 18,500 20.00 0.30 20 30 4.5 

3% 13,275 18.00 30 20 3.0 

Fig. 5. Stress-strain state for slope 1:1 measuring 6 m high. 
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Table 5 

Color and analysis method legend for interpreting results from Table 6 and tables in the dataset. 

Fig. 6. Stress-strain state for slope 2:1 measuring 6 m high. 

Fig. 7. Safety-factor graphs taking into account the methods and soils used for embankments, 6 m high with 15% of CBR 

in the foundation (a) with slope 1:1 and, (b) with slope 2:1. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 represents the stress-strain state for the embankment 6 m high with a slope of 2:1

and CBR = 5%. The stress and displacement field do not change, and only the embankment is

yielding and the values of safety factor are greater than 1.5. Furthermore, in Table 5 , the initials

for the method names used are shown. 

All tables and figures in the dataset from http://dx.doi.org/10.17632/59j9bvsrxt.2 represent

the values of safety factors for the embankments of 6 m, 12 m, 18 m, 24 m, and 30 m, taking

into account the stress-strain relationship. Figures in the dataset, such as Fig. 7 , represent the

behavior of the safety factor for the different methods applied as well as for different soil in the

embankment. For example, soil 1 on the x-axis represents the Soil A-1 V.1, soil number 2 repre-

sents the A-1 V.2, and so on to number 12, which represents the soil A-4 V.3 from Tables 3 and

6 . These figures also have the limit of 1.5 defined. In Fig. 7 a, with almost all methods the safety

factor was under the limit for soils 1 and 4 (A-1 V.1 and A-2 V.1 respectively); see Table 6 .

However, in Fig. 7 b, all safety-factor values for all methods were above 1.5. 

http://dx.doi.org/10.17632/59j9bvsrxt.2
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Table 6 

Embankment 6 m high. 
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2. Experimental Design, Materials and Methods 

Embankments with five different highs were modeled: 6 m, 12 m, 18 m, 24 m, and 30 m.

Each embankment height was varied in different slopes. Three 6-m-high slopes were set at

1:1, 1.5:1, and 2:1, respectively, while 6 slopes for the 12-m embankment high were used, as

is showed in Fig. 1 . Nine variations in slopes were used for the embankment 18 m high ( Fig. 2 ),

four variations for the embankments 24 m high ( Table 1 ) and three for the embankments 30 m

high ( Table 2 ). Slopes for all embankment heights were defined previously elsewhere [1] . 

Additionally, a multifactorial design was employed, where soils in the embankments were

varied according to 12 levels ( Table 3 ), where V.1, V.2, and V.3 represent the low, medium, and

high parameters, respectively, of the AASHTO classification A-1, A-2, A-3, and A-4 [ 4 , 5 ]. The

foundation soil was divided into three levels, whose physical and mechanical parameters repre-

sent foundations with CBR of 3%, 5%, and 15%. A total of 900 simulations were made, for which

the dataset can be found at http://dx.doi.org/10.17632/59j9bvsrxt.2 . 
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