
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Stabilization of a highway embankment on residual soils in Guerrero, Mexico 

Stabilisation d’un remblai de chantier sur terres residuelles, Guerrero, Republique du Mexique

E .G a rc ia , J. J. S ch m itte r &  R. A ya la  -  Ingenieros C iviles Asociados, S .A. de  C. V., M exico

ABSTRACT: In this paper are showed the activities developed to stabilize an embankment located on residual soils and in a higher seismic 

area. It presents the underground exploration and instrumentation, the soil properties gotten in laboratory, the analysis criteria and the 

results o f the applied system.

RESUME: Dans cet article on montre les activites developees pour stabiliser un remblai deplante sur terres residuelles et dans une zone 

hautement sismique. On presente aussi l’exploration du sous-sol et l’instrumentation les caracteristiques du sol obtenues en laboratoire, les 

criteres d’analis et les resultats du sisteme aplique.

1 INTRODUCTION

Recently in Mexico were constructed more than 6,000 km of 

highways in order to improve the communication networks 

around the country, from north to south and east to west; those 

constructions were made in all kind o f geo-materials like rocks 

and soils, the specifications about alignment, leveling and vehicles 

speed were too strict, it was necessary to make cuts and 

embankments, build large and high bridges and excavate some 

tunnels. One o f the most important issues were the construction 

programs because they were too aggressive.

After the fastest construction o f highways ever seen in Mexico, 

some embankments in particular sites showed a bad behavior, 

mainly lateral deformations and settlements.

In one o f the most critical cases it was made a geotechnical 

analysis in order to know the soils characteristics and properties 

and then, make an evaluation o f the embankment stability and 

finally give the recommendations to solve the problem.

2 THE CASE STUDY

The highway from Mexico City to the Acapulco Bay o f 400 km 

length approximately, crosses the Guerrero State between 

sedimentary rocks (limestones, shales, etc.) and residual soils 

(clay, silt with sand and gravel), it is important to say that in this 

region, there is the higher seismic activity o f the country.

Near Chilpancingo the capital o f this state was constructed an 

embankment on the natural slope, formed by hard consistency clay 

with sand and isolated gravel. The photogrametric map o f this 

area shows the level curves and in particular a superficial drainage 

interrupted by the embankment.

A stage construction was used in order to raise the embankment 

to the required level by means o f cut the vegetation layer, remove 

completely the soil with organic matter and cut the natural soil in 

flat platforms and slopes, in addition build structures to intercept 

the superficial drainage but it wasn’t considered necessary to 

construct a under drainage trench.

After one year of constructed the embankment, the deformation 

speed on the road surface increases dramatically with high danger

for the drivers. Immediately a soil mechanics study was carried 

out in addition with the installation o f the inclinometers and 

ground water table observation wells.

3 EMBANKMENT

3 .1  Dimensions, geometry and stratigraphy

The length o f the embankment is 470 m, it forms two circular 

curves, one horizontal o f 458 m in ratio and one vertical with 

slope o f -5%. The instability area focus in 40 m in length.

In the Figure 1 are showed the dimensions and geometry o f the 

embankment and the borehole profiles that includes the results o f 

the standard penetration testing.

The subsoil stratigraphy was resumed in 3 layers, the first one is 

the own embankment material, a light brown clayey sand with 

gravel, the second is the natural weathered soil, a brown clayey 

sand with gravel and the third is a hard consistency brown clay in 

the upper part o f the slope and it goes to compact state clayey 

sand at the toe of the slope.

3.2 Instrumentation

There were installed 4 inclinometers casings in order to know the 

geometry and position o f the border between the soil in movement 

and the stable soil, there were installed observation wells for 

monitoring the ground water table. The results o f the inclinometer 

measurements showed a circular surface o f failure with a large 

radius, Figure 1; only in one inclinometer casing the underground 

water was detected.

The water level in the inclinometer casing remained constant after 

the dewatering, it gave the hypothesis o f local underflow which 

cause damage in the embankment stability.

3.3 Soil stress - strength parameters

The stress - strength parameters used for the stabilization analysis 

were gotten by two procedures.

a) Consolidated undrained triaxial tests
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INCLINOMETER

Fig. 1 The layout o f dimensions, geometry and stratigraphy.

In the Figure 2 are showed the typical stress-strain plots for 

different confinement pressures. They have two segments well 

defined (elastic and plastic) from 3% o f strain, the samples 

showed high deformation without a shear plane.

It was a little hard to decide the criterion in order to determine 

the strength parameters, because the soil in-situ had had high 

deformation. The final decision was to use the deviatoric stress 

value at 2% o f strain.

The Mohr circles gotten are showed in the Figure 3, the linear 

envelope gives a cohesion o f 30 kPa and the friction angle is 25°.

b) Back analysis

The back-analysis was carried out using the software named 

SLOPE, by Geo-Slope, Co. with Fellenius and Bishop criteria, 

(Hunt, 1986).

The cohesion and angle o f internal friction gotten by this 

procedure match very well with the results o f the laboratory 

testing.

4 ANALYSIS

4.1 Slope stability

A computer model was developed in order to know the safety 

factor against sliding in static and dynamic conditions, it was used 

the software named above.

The primary results gave an incipient failure state with a small 

safety factor, then a different criteria was used. It was considered 

a block under the road stabilized by sheet piles and anchors, 

Figure 4, and at the same time reduce the weight o f the 

embankment (driving moment) by cut the slope face, reduce the 

slope angle from 2:1 to 2.5 to 1 (H:V).

4.2 Block stabilization

First o f all was calculated the anchorage force required for 

stabilize the sliding block gotten from a vertical tension crack 

intercepted by a slope surface, using a safety factor o f  1.50 

equation no. 1, in this part was considered the surcharge from 

vehicles.

cL + W tc o sa ta n a  + R

FS = ----------w,---------- -----  (1>Wt senp

Symbols:

FS safety factor

c cohesion

L length o f the slip surface o f the block

Wt weight o f the block plus surcharge

a dip o f the slip surface

<P angle o f internal soil friction

R required force for block stabilization

The required force R  was 392 kN/m.

The anchors installation was considered with an inclination of

8  =  -15° from the horizontal. The force to be developed by 

anchors (equation 2) F  is 500 kN/m.

senQ + cosOtantp

0=  180- ( a - 5 ) - 9 0  

Symbol:

6  required angle by anchors
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4.3 Anchors Spacing

{

1

The length o f the anchors varies from 22 to 28 m, with a bulb o f 8 

m length. The capacity developed per anchor is 300 kN.

0  6  1 0  1 1  20  

Strain, %

Fig. 2 Stress - strain plots.

The active area per anchor assumed was 1.5 m width and 2.0 m 

8vmboit: high, then the force required per anchor is 189 kN.

4.4 Pullout capacity

The pullout capacity was determined with the next criterion, 

equation 3, Bowles, J. E. 1988.

P„ = n -D  y ■d1 ■ L k^ tanip + ĉ  n -D  L (3)

Symbols:

Par anchor resistance 

ca adhesion about 0.7 to 0.9c 

D  average shaft diameter 

L  length o f grout 

d} average depth of grouted length 

k0 if the grout is placed under pressure

The bearing capacity and the settlements for the sheet pile were 

evaluated in order to know if the force used by the anchors 

doesn’t cause an induced deformation because the vertical 

component o f the anchors.
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F ig .4  The layout o f stabilization system.

5 OVERALL STABILITY

With the same software named above a new model was made, in 

the Block “R” were acting four vectors with 200 kN magnitude 

dip -15° and spacing o f 2.5 m, including the surcharge. The slope 

dimensions o f the Block “T” were reduced to 2.5:1 (H:V) and the 

results o f the overall stability in static and dynamic conditions 

were enough to consider this solution good.

6 CONCLUSIONS

The solution described was applied in the field, first were driven 

the sheetpiles, then the horizontal members were welded to the 

sheetpiles and finally the anchors were bored, grouted and fixed, 

the fill with light material was placed up to the road subgrade.

Before the sheet pile and anchorage installation the maximum 

speed deformation (vertical movement) measured in one sheetpile 

was 3 mm/day, this speed deformation increased with the seismic 

activity occurred in the next months up to 9 mm/day, ten weeks 

after the complete installation the values of speed deformation lay 

down to zero and the deformation accumulate in 15 weeks was 33 

cm.
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