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For more than 20 years, problems related to erosive processes and landslides have been
detected on Las Cabras hill in Duran, Ecuador. Las Cabras hill has a stability problem due to
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its sub-vertical slopes (north zone) due to rockfalls, slopes with a favourable slope to landslide
(south zone) and two anthropic factors (houses in inappropriate places and a lack of sewer
system). From previous studies, Las Cabras has been classified as high to very high
susceptibility to landslide (soil) or detachment (rock). Therefore, there is a risk for families
living in this area and its surroundings. This study aims to propose engineering solutions
through the technical considerations of studies carried out to stabilise the Las Cabras hill and
its surroundings. The methodology considers: i) analysis of the results of the engineering
studies carried out on the hill, ii) design calculations according to the stability and safety
analysis of the slopes employing Hoek and Bray method; and iii) proposal of stabilising
solutions in the most susceptible areas of the hill. The solutions have to do with controlling
erosive processes and rock masses that can slide or detach. Injected anchors (using gunite and
@25mm rods) and mechanical drains are proposed to reduce pore pressure in that area. Also,
it can be applied in combination with surface channels in the form of a ladder to evacuate
rainwater. Ultimately, it is possible to rethink the territorial ordering on Las Cabras hill with
these considerations.
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1. INTRODUCTION

All those rocks subjected to the action of atmospheric agents
suffer a specific degradation that reduces their geomechanical
properties. The intrinsic characteristics of each outcrop reflect
the tectonic activity of the area and the rocky nature of the
place itself [1]. These considerations, along with gravitational
and seismic actions, can give rise to a series of instabilities that
constitute potential geological hazards when they affect
human activities [2]. On slopes, instabilities are due to the
geomechanical characteristics of the rocky massif, the state of
conservation of the slope itself and the water penetration
conditions [3, 4]. The behaviour of a rocky massif generally
depends on the characteristics of the discontinuities
(stratification, joints, faults, schistosity) that it presents and the
lithology of the rocky matrix and its evolutionary history [5].

Landslides are one of the most destructive geological
processes that affect people, causing thousands of deaths and
property damage each year [6]. However, very few people are
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aware of its importance. The possibility and frequency of
landslides occurrence along any slope depend, in addition, to
the geological characteristics of its constituent materials [7].

Generally, a landslide is initiated by a combination of
factors such as slope geometry, material strength, structural
discontinuity, weathering, and extreme factors (e.g. seismic
actions) [8-11]. Tropical mountainous areas are very
susceptible to landslide problems because, in addition to the
factors mentioned above, they generally meet others such as
morphology and extreme rainfall [12].

Precipitation is a significant trigger for slope instability [13-
18]. This is evident because most slopes fail during the rainy
season [13, 14]. Water along the potential failure surface will
reduce shear resistance, facilitating the sliding process [19]. In
addition, rocky slopes under seismic load are subject to
accelerations that induce slope instability [13]. Slopes that are
stable under static conditions can destabilise under seismic
load [20, 21]. Another triggering fact in the instability of a
slope is the anthropic activities that increase the load and
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decrease the capacities and geomechanical properties of the
rocks. Some of these activities are the construction of
highways or other engineering structures or the non-technical
use of explosions in quarries or mines [22].

One case or example of the disaster caused by landslides is
the one that occurred in the Aberdare Mountain Ranges,
Kenya. On April 30, 1997, a landslide buried three houses at
the foot of the slope and killed 11 people. The landslide
occurred when degraded rocks became saturated after a severe
storm on a steep slope that slid over the more stable basalts
[23]. A case within Ecuador is in the Olon Cliff, Santa Elena.
Here is a tourist attraction such as the Blanca Estrella de Mar
Sanctuary, located on a cliff of approximately 40 meters high.
Erosion and the low resistance of the rock mass materials have
generated instability in a large part of the slope. Blocks of rock
were even detached from the cliff, endangering the Sanctuary
and the people who visit it at risk [24].

To mitigate these problems, characterisation or engineering
studies is very important [25, 26]. For example, a slope or
landslide investigation consists of obtaining as much
information as possible about the topographic, geological,
geotechnical and environmental characteristics that allow the
most precise diagnosis of the problems and a practical solution
design [27, 28]. In addition, it is necessary to know the basic
parameters that affect stability [29].

During the last four decades, numerous authors have carried
out studies to evaluate the phenomena of landslides and
detachment. As a result, various qualitative, quantitative and
empirical approaches have been proposed in the scientific
literature to assess hazards and risks arising from landslides,
rockfalls or slope instability [30-34]. The choice between
qualitative and quantitative hazard methodology is strictly
related to the available dataset and does not depend on the
complexity of the methods that are used to define the hazard
[35].

For more than 20 years, problems related to erosive
processes and landslides have been detected on Las Cabras hill
in Duran, Ecuador. Several incidents have already been
registered due to damage to homes by mudslides, stones, and
landslides of weathered and removed rock masses. Las Cabras
hill, in different sectors, has different susceptibility degrees to
landslides and stability conditions. This is mainly due to the
characteristics of the massif present (such as deterioration,
fracturing, and layers dipping). Also, it is accentuated by the
different anthropic actions (such as informal construction and
without territorial planning, and the lack of sewerage), the
occurrence of extreme phenomena (heavy rains) and
geodynamic phenomena (seismic action).

Due to these problems that occurred on Las Cabras hill, the
following question arises: What measures would provide a
solution to the stability problem of Las Cabras hill for urban
development? That is why this article aims to propose
engineering solutions through the technical considerations of
studies carried out for the stabilisation of Las Cabras hill and
its surroundings.

In this research work, three sections are presented: i)
Analysis of previous information (where data from previous
studies in the study sector is reviewed), ii) Las Cabras hill
stability is evaluated and analyzed (the results of various
profiles are compared with national standards, as well as with
stability limits proposed in scientific articles), and, iii)
Measures are proposed to stabilize Las Cabras hill.
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2. STUDY AREA

The study area is located in American continent (at southern
part), Ecuador country, Guayas province, Duran city (see in
Figure 1). The western part of Duran is crossed by the Guayas
River, located in front of Santay Island. In its southwestern
part, there is a small chain of elevations, among which the
most prominent is Las Cabras hill, approximately 88 meters
above sea level (m.a.s.]).
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Figure 1. Study area location map

Las Cabras hill has an area of 36 hectares and an
approximate population of 12,000 people according to the
Population and Building Census of Ecuador (INEC, for its
acronym in Spanish) [36]. The climate is tropical (sub-humid),
with temperatures ranging between 20° and 27°C. According
to the National Institute of Meteorology and Hydrology of
Ecuador (INAMHI, by its acronym in Spanish) [37],
precipitations vary between 800 and 1000 mm/year.
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Figure 2. Geological map of the study area [38]

Las Cabras hill is located towards the easternmost part of
the Chongon-Colonche Mountain range, which crosses a part
of the coastal sector of Ecuador from South-East (SE) to
North-East (NE), and which is a division of two important
sedimentary basins: to the north the Manabi basin, and the



South the Progreso basin. This mountain range is geologically
made up of an oceanic basement of toleitic basalts (Pifion Fm.)
and sequentially overlay the Calentura Fm., Cayo Fm.,
Guayaquil Fm. and San Eduardo Fm [39, 40].

The geology of the study area (Figure 2) is represented
mainly by Cayo Fm. (Upper Cretaceous) and the Guayaquil
Fm. Cayo Fm consists of breccias, microbreccias, sandstones,
shales, clays, and argillites. In general, these lithologies
alternate and form bodies centimetres to meters thick. The
geological structure slopes to the South from 15° to 25° [41].
There has been significant colluvial soil development on top
of the base rock, and some soils show signs of the current
movement and instability (rotational rupture). Guayaquil Fm.
is formed by silicified shales that alternate with brown
tobaceous siltstones and sandstones with calcareous cement
belonging to the Cayo Fm [42].

3. MATERIALS AND METHODS

The methodology used in this study (Figure 3) consisted of
three phases: i) analysis of background information on the
study area; ii) stability analysis of its current state; and iii)
proposed stabilising solutions in the most susceptible areas.
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measures
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Figure 3. Flow diagram of the applied methodology
3.1 First phase: background information analysis

This first phase collected scientific literature related to the
study area from various sources (scientific articles, reports,
reports, and press releases). The data provided by the project
"Studies and proposals for the stabilisation of the" Las Cabras
hill" [43] were also collected and in the scientific article"
Evaluation of Slope Stability in an Urban Area as a Basis for
Territorial Planning: A Case Study" [38]. This review aims to
create a database that provides further analysis and the
proposal of stabilisation measures.

Since the database is made up of scientific articles and
engineering projects, the quality and authenticity of the data in
these can be guaranteed. Scientific articles ensure their
academic quality due to blind peer review of indexed journals
and homogenization of the results [44, 45]. Furthermore, by
having reviews from several professionals, engineering
projects guarantee the authenticity of the data in various
phases of the project.
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3.2 Second phase: Stability assessment

In this second phase, the current situation experienced by
the study area is put into context. Initially, there is the database
generated in the previous phase. Information such as the
terrain topography (morphology), geological-geotechnical
characteristics, and safety factors calculation are also
presented.

3.2.1 Topography and geotechnical characterisation

This phase focused on developing the detailed topography
of the Las Cabras hill using S82T GNSS Satellite GPS
equipment and a SOKKIA SET 630 total station.

The lithology and stratifications of the terrain are presented
through field visits and a database of previous studies [38, 46,
47]. Tectonic fractures are shown, and the identification of
fracture families.

3.2.2 Calculation of the safety factor

Authors' different methodologies, such as [20, 30, 34], were
reviewed, considering their advantages and application in this
case study. For this reason, the method proposed by Hoek and
Bray [20] was used, which, within the stability analysis of flat
landslides, is one of the most widely used procedures to
demonstrate the effect of water action and seismicity.
Calculations were carried out to determine the dimensions and
weight of the largest wedges and the forces that generate the
sliding and detachment of these blocks.

These stability and instability forces are calculated in three
different scenarios (modifying the seismic action and the water
level). Once these forces are obtained, the value of the safety
factor is calculated. Finally, this safety factor value is analyzed
and compared with national standards.

3.3 Third phase: Proposal of stabilising measures

In this last section, with the data collected and the slope
analysis, in three different scenarios, we proceed to carry out
the most optimal designs for this case and the safety
considerations for the construction of this stabilising solution.

These solutions are proposed, in agreement, with the
territorial ordering proposed by Machiels et al. [38].
Furthermore, the proposed solutions are technically described,
adding a reference figure for better understanding. These
technical solutions consider what authors described and
analyzed, such as ref. [48-52] in other study cases.

4. RESULTS
4.1 Technical diagnosis

The most relevant results of the project "Studies and
proposals for the stabilisation of the Las Cabras hill [43] and
of the scientific article "Evaluation of Slope Stability in an
Urban Area as a Basis for Territorial Planning: A Case Study"
are presented below [38].

Of the geomechanical rock stations analysed, the values of
the weathering degree are in categories II-III, and the GSI
values are between 70 and 60. RQD values are between 55%
and 70%. The values of the lithostructural group are in
categories II-III.

Regarding the evaluation of the susceptibility to landslide
and detachment, 22.80% of the total area has low susceptibility,



19.11% medium susceptibility, 48.54% high susceptibility and
9.55% very high susceptibility.

4.2 Topography

The slopes surrounding Las Cabras hill are vertical and sub-
vertical for the most part. These slopes range from 50 °to 88<
between 50m and 90m (even more). In the initial level (at the
foot of the hill) between 30 to 40, the slope is smoother (from
10<to 309. In Figure 4, the topography carried out in the study
sector is observed.
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Figure 4. Topography, structural features and affectations by
sectors in the study area [38]

4.3 Geotechnical characterisation

Geological studies previously carried out by Carrion-Mero,
2021 [38] determine an internal geological structure in a
stratified pack of silicified shales and siltstones, with certain
levels of chert. These have a dip of 15<to 18<to the South and
an East-West direction.

A geotechnical characteristic of significant incidence is the
intense weathering in the superficial strata (up to 2.50 m deep).
This causes these layers to have low shear resistance at the
stratification joints. In geotechnical tests carried out, it is
established that they have a volumetric weight of 18.50 to
19.50 KN/m?. Also, the peak internal friction angle is 25° to
28°, the residual friction angle is 23° to 26°, and cohesion is 3
to 10 KPa.

At a depth of more than 2.50 m, the layering joints have a
higher shear resistance (Shear strength indicates erosion
resistance. It is also defined as the resistance to deformation
due to the action of efforts [53]). This is verified by an increase
in the friction angle up to 15% and an increase in cohesion up
to 30%. These indicated values may vary, being reduced by
the effect of deterioration caused by direct exposure to the
environment.

Another characteristic of great importance in stability
analyses is the presence of tectonic fractures. These fractures
cut the strata and separate the rock packages or volumes,
allowing the infiltration of water, its flow, and hydrostatic
thrust generation. Fractures have a certain cementing under
natural conditions but can be lost with the erosive action of
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water. In these cases, the fractures are cleaned and therefore
lack cohesion and roughness (they become smooth). The
friction angle in these clean fractures has been determined to
vary between 28 <and 30< The tectonic fractures expressed in
dip and dip direction are F1 300970< F2 60760<

The position of the water table varies remarkably in dry
seasons; it is practically nil. Whereas in rainy seasons, it can
become superficial.

To evaluate seismicity, it is considered that according to
NEC-15 [54], seismic accelerations can reach a value of 0.25
g, even though the said value has never been registered (the
maximum accelerations registered in the sector have not
exceeded the value of 0.15 g). However, in pseudostatic
analyzes (analysis that considers the topography and seismic
acceleration), according to NEC-15 [54], 60% of the
acceleration must be considered. For this reason, for the
seismic evaluation, 0.15g was considered.

4.4 Stability analysis

The possibilities of mass movements with the sliding of
loose and weathered rocky materials are analysed. The results
of the three pseudostatic analyzes (A, B and C) are presented
in Table 1. The general data of the slope under analysis are
slope height (25m), rock specific gravity (1.90 ton/m3),
cohesion (3 ton/m?) and phi (279).

Table 1. Determination of the Analysis A safety factor

Geomechanical and seismic data
Rock specific gravity

Geometric data

Slope height (ton/nn’) 10
(m) 25.00 Water specific gravity 1.00
(ton/m?) :
Cohesion (ton/m?) 3.00
Average slope . .Phi ©) . 27.00
steepness (°) 52.00 Seismic acceleration 0.00
Angle of rupture 16.00
Calculating: Z, A, W, U, V
Crack height (Z) (m) 13.17
Total sliding surface (A) (m?) 42.93
Total sliding surface treated (m?) 17.60
Rock body weight (W) (ton) 1 032.38
Water in crack (m) 10.00
Hydrostatic pressure in base (U) (ton/m?) 214.65
Lateral hydrostatic pressure (V) (ton/m?) 50.00
Slope stability degree
Stabilizing forces (ton/m) 518 043
Destabilizing forces (ton/m) 332 625
Safety factor (SF) 1.56

Analysis A is a landslide without considering seismic action
(Static analysis) and a 10m water Table 1. The stabilization
forces were 518 043 ton/m, and the destabilization forces were
332 625 ton/m. Therefore, the safety factor (SF) was 1.56.

Analysis B is a landslide considering a seismic action of
0.15g and a 10m water Table 2. The stabilization forces were
496 295 ton/m, and the destabilization forces were 481 483
ton/m. Therefore, the safety factor (SF) was 1.03.

Analysis C is a landslide considering a seismic action of
0.15g and an 1 1m water Table 3. The stabilization forces were
483 883 ton/m, and the destabilization forces were 491 576
ton/m. Therefore, the safety factor (SF) was 0.98.



Table 2. Determination of the analysis B safety factor

Geometric data Geomechanical and seismic data

Rock specific gravity 1.90
(ton/m?) ’
Slope height (m) 25.00 Water specific gravity 1.00
3 .
(ton/m°)
Cohesion (ton/m?) 3.00
Average slope . .Phi ) . 27.00
steepness (°) 52.00  Seismic acceleration 0.15
Angle of rupture 16.00
Calculating: Z, A, W, U, V
Crack height (Z) (m) 13.17
Total sliding surface (A) (m?) 4293
Total sliding surface treated (m?) 17.60
Rock body weight (W) (ton) 1032.38
Water in crack (m) 10.00
Hydrostatic pressure in base (U) (ton/m?) 214.65
Lateral hydrostatic pressure (V) (ton/m?) 50.00
Slope stability degree
Stabilizing forces (ton/m) 496 295
Destabilizing forces (ton/m) 481 483
Safety factor (SF) 1.03

Table 3. Determination of the analysis C safety factor

Geomechanical and seismic data
Rock specific gravity

Geometric data

3 1.90
(ton/m°)
Slope height (m) 25.00 Water specific gravity
3 1.00
(ton/m°)
Cohesion (ton/m?) 3.00
Average slope . .Phi ) . 27.00
steepness (°) 52.00  Seismic acceleration 0.15
Angle of rupture 16.00
Calculating: Z, A, W, U, V
Crack height (Z) (m) 13.17
Total sliding surface (A) (m?) 4293
Total sliding surface treated (m?) 17.60
Rock body weight (W) (ton) 1032.38
Water in crack (m) 11.00
Hydrostatic pressure in base (U) (ton/m?) 236.11
Lateral hydrostatic pressure (V) (ton/m?) 60.50
Slope stability degree
Stabilizing forces (ton/m) 483 883
Destabilizing forces (ton/m) 491 576
Safety factor (SF) 0.98

4.5 Stabilizing measures proposals

Figure 5 presents a map of where these stabilisation
solutions are proposed.

4.5.1 Injected anchor and drainage channel

Due to the analysis previously carried out, total control of
the water flow must be established. Flows should not
accumulate or be discharged on any part of the slopes since
they can generate erosion and mass movements. Therefore,
building 120 m of a drainage channel with a straight and
trapezoidal section is proposed to capture and conduct the
rainwater accumulated on the slope. At the base of this channel,
6m long injected anchors should be built, spaced 2m apart.
Linked to the channel, an enclosure estimated to be 2.5m high
should also be made. The section of the drainage canal can be
seen in Figure 6.
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Control of subsurface and deep flows is also critical. For
example, septic tanks are recommended to be removed. Also,
wastewater must be captured and conducted through pipes.
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Figure 5. Location, within Las Cabras hill, of the proposed
engineering solutions

Figure 6. Drainage channel and proposed injected anchor

4.5.2 Landslide management

It is important to build stabilising solutions that at the same
time generate added values. It is proposed to construct a 320
meters long and 0.15 meters thick slab protruding from the
edge as a tourist lookout. Two rows of stabilising anchors
support it:
(1) A vertical one, with elements placed every meter and 6m



long. This anchoring begins at the bottom of a reinforced
concrete protrusion 0.50 meters deep and 0.30 meters
wide, structurally linked to the slab and the anchor.

(2) The other row of anchors, placed every meter and 4m in
length, inclined 57< concerning the horizontal. This
serves as an anchor for a 15x15-centimetre inclined
concrete column that supports the overhang of the slab.

(a) The proposed injected anchor systems

— |
1
0.5p

Hﬁ

4.00

(b) Slab support as a tourist lookout
Figure 7. Scheme of the proposed stabilisation system

The anchors' stabilising effect consists of making holes,
injecting them under pressure, and placing a steel bar with a
diameter of 20 millimetres, which makes up the anchored
system. Figures 7a and 7b show the injected anchor system
proposed in points (1) and (2).

The lookout slab also aims to construct a gutter canal linked
to it. With this, the water from the highest parts can be
transported. The collected flow must be conducted through
one or two PVC pipes to the lower part, discharge that must be
controlled in its erosive power.

4.5.3 Mechanical drains

It is proposed to build horizontal or filtering drains so that
the water table is not so high in the rainy season. With this, the
water that infiltrates the Las Cabras hill is controlled. These
must be distributed in a "three bolillo" configuration, also
considering the location of buildings where this solution
cannot be built. There are a total of 123 filter drains, drilled to
a maximum depth of 4 m., and accompanied by mechinals
made with geotextile, with the proper fasteners to prevent the
filter element from coming out. Filter drains must have a
minimum inclination of 10 degrees with the horizontal, and the
diameter of the perforations, where the drains will be located,
should not be greater than 40 mm.

The cross-sectional arrangement of the filter drains is shown
in Figure 8.

Terrain profile

1
\ Potential failure
\ surface

Mechinal drains with
geotextile

Natural terrain

Figure 8. Cross-sectional arrangement of filter drains
4.5.4 Retaining wall

(m)

Terrain profile
Tectonic fractures

&

20 —

" _ Stratification

Rock block fall
10—

Current situation

Figure 9. The current situation on Las Cabras hill

Many houses have been built at the foot of the slopes,
almost vertical, whose height fluctuates between 15 m and 20
m. These houses are less than 10 meters from the vertical slope.



Several landslides have occurred in this sector that has affected
some homes. The field visits carried out have been fully
verified that these slopes are unstable since large blocks of
rockfall (Figure 9).

Due to those mentioned above, the first solution should
consist of evicting homes closest to the slope foot. If this is not
the case, the proposed solution is to construct a wall (dike) of
reinforced earth to buffer from 5 meters away from the foot of
the slope. It is recommended to place a layer of soil as a buffer
in these first 5 meters. Additionally, the reinforced earth dam
must be placed in 0.6 m soil and geotextile layers (Figure 10).

(m)
Terrain profile
20 4

10

Wall (dike) of reinforced earth

(m)

Figure 10. Arrangement and placement of the retaining wall

5. RESULTS ANALYSIS

According to the studies carried out by Machiels et al. [38]
and Blanco [43], the safety factor within the study area is
between 0.76 and 2.20. There are areas on the hill that present
safety factors less than one (Table 3). The studies of ref. [54-
56] proposed that the slope is considered unstable for safety
factors less than one. For this reason, it is necessary to propose
and design a solution for stabilisation in the affected sectors.
The design proposes the implementation of injected anchors
(using gunite and @25mm rods) and drainage channels to
reduce the water table in certain areas. These proposed
solutions guarantee stability against sliding and detachment
[24, 28]. These works must start from the top and continue
towards the base of the hill slopes to guarantee the stability
designed in the entire proposed area of Las Cabras hill (no risk
of landslides or detachment). It is not proposed to vacate
buildings, except those that are particularly unsafe or are in the
proposed stabilisation zones.

The use of bolts has been considered, adding a shotcrete
grout, which infiltrates all the discontinuities of the rock
massif. In this way, all small or separate blocks are anchored
into a single block, somewhat similar to a fissure fill.

Due to the rainfall in the study area, considering the
proposed application of the use of injected anchors, it is
intended to alleviate the water load using mechanical drains.
The option of drains is also supported by the many
discontinuities and fractures that the rocky massif has because
the infiltrated water causes a hydrostatic thrust to be generated,
favouring sliding.

It can be observed in Tables 1-3 that the safety factor
decreases drastically with the increase in the water table and
seismic action. In the static analysis results (only considering
the topography), there is a safety factor greater than 1.80.
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MIDUVI [54] indicates a condition of stability by having a
safety factor greater than 1.50. When adding the water table
parameter, the safety factor decreased between 1.60-1.50,
which remains stable.

In pseudo-static condition, with a seismic acceleration of
0.15g (Table 2), the safety factor decreased between 1.10-1.03.
According to MIDUVI [54], a slope is stable in pseudo-static
conditions when the safety factor is greater than 1.05. Finally,
considering the rise of one more meter in the water table, the
safety factor decreased between 0.99-0.98. Indicating that the
slopes are unstable under these conditions. Considering that
part of the hill is made up of competent and moderately
competent rocks, it is considered that these two factors
(seismic acceleration and water table) are the ones that most
affect the possibility of landslide or detachment.

Based on numerous experiences [48, 49], it has been found
that the combination of gunite with mechanical drains is one
of the best solutions to stabilise slopes that, due to their height
or geological characteristics, may fail. Shotcrete has a high
compressive and shear resistance, important for stability,
which is higher than the resistance of the original slope
material. Meanwhile, the mechinals drains to relieve the great
hydrostatic pressure on the slope. With this, it can be ensured
that the safety factor will increase in the areas where shotcrete
and mechanical drains are used [50, 51].

The advantages of constructing the proposed solutions in
Las Cabras hill are socio-environmental and economic-
cultural. In the socio-environmental part, security and stability
are provided to the population and buildings of the hill and
surroundings. Furthermore, gunning is a convenient and
environmentally friendly slope reinforcement technology [52].
In the economic-cultural part, the Duran Municipality will
have the possibility of carrying out a safer territorial ordering
since, with the solutions proposed, sustainability in the most
critical areas of Las Cabras hill is guaranteed [36].

6. CONCLUSIONS

The case of Las Cabras hill, in Duran, due to its instability
situation, where the population settled without territorial
planning, creating a social problem, its geodynamic situation
has been evaluated and, at the same time, sustainability
solutions are proposed for the security of homes and the people
who live there. The key factor is to counteract the areas most
prone (high and very high susceptibility) to rockfalls,
landslides and mass flow. Therefore, a buffer wall (at the
slopes foot) and a combination of anchors, tiles, and rainwater
gutters are proposed for stability on the south side. While, in
the case of the north side, the use of injection anchors and
mechanical drains is being considered.

The proposed injected anchors (using gunite and @25mm
rods) and mechanical drains increase the safety factor,
according to the NEC-15, to ensure the stability of the slopes
and safety for the people who live there. Furthermore, a
combination of surface channels can be applied to evacuate
rainwater in specific hill sectors, thereby increasing the safety
factor. It is important to design this proposed integral drainage
system that guarantees the adequate elimination of all
rainwater. Also, it is recommended to remove existing septic
tanks. As well as prohibiting new one's construction since
these could erode the soil due to the infiltration of residual
water. Therefore, it is necessary to design a sewerage plan in
the area

After all the considerations and analysis carried out in this



research, it can be said that the engineering solutions add value
to Las Cabras hill's population. This is due to the
geomechanical stability that would be given to the area and the
possibility of land use planning and carrying out tourist
activities. However, according to susceptibility to landslides
or detachment areas, relocating people at risk to more stable
areas within the same hill is recommended. Also, the people
settled where the support engineering works are planned
should be relocated to more stable hill sectors.

This paper proposes engineering solutions (support and
stabilization) as the basis or first actions on Las Cabras hill. As
future research, the proposal of solutions or works to
encourage tourism is encouraged. Sustainability strategies for
these works and policies or actions for hill population
formation are also recommended. This would have the effect
of proactively complementing these solutions and seeking to
improve the quality of life of its inhabitants.
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