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Abstract 
The impacts of climate change will not be 

homogeneous in all countries or between regions within 
each country. Mapping projected changes in 
temperature and precipitation is crucial for formulating 
region-specific agricultural adaptation measures. The 
spatial variation of projected changes in temperature 
and annual precipitation for 1970–2000 and 2041–2060 
in Venezuela was analyzed using the WorldClim 2.1 
data. Both variables have been analyzed in fourteen 
physiographic regions that differ in climate, geology, 
geomorphology, soils, and land use. The results reveal 
that western regions experience higher temperature 
increases, while the regions located in the east and 
center of the country are projected to experience greater 
decreases in rainfall. Likewise, temperature and 
precipitation will increase from north to south. Thus, 
there are differences in how different regions will be 
affected by variations in temperature and annual 
precipitation associated with climate change. It is 
concluded that physiographic regions can be used as 
large spatial units to plan future land use and design 
agricultural adaptation measures to climate change at 
the national scale. 
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Abstract 
We investigate Venezuela’s potential “futures” under 

Shared Socioeconomic Pathways (SSPs) through a 
systematic literature review, including systematic 
mapping and thematic analysis of 50 scientific articles. 
We categorised the SSP scenarios into two generational 
categories and classified the outcomes into positive, 
negative, and neutral futures. Under first-generation SSP 
scenarios, increasing poverty could be reversed, and the 
country’s economic growth could be stimulated by 
adopting unambitious climate measures. However, 
second-generation SSP scenarios paint a more 
challenging picture. They suggest that Venezuela could 
face heat waves, droughts, an increase in diseases, loss 
of biodiversity, and an increase in invasive species and 
pests during the remainder of the 21st century as a 
direct consequence of climate change. Venezuela’s 
geographic and topographic diversity could exacerbate 
these impacts of climate change. For instance, coastal 
areas could be at risk of sea-level rise and increased 
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storm surges, while mountainous regions could 
experience more frequent and intense rainfall, leading to 
landslides and flash floods. The urgency of conducting 
additional research on the factors that could influence 
the severity of climate change’s impact, considering 
Venezuela’s geographic and topographic diversity, 
cannot be overstated. We also identified the critical 
need to explore alternative paths to move away from 
the current extractive development model. The 
potential actions in this regard could be instrumental in 
aligning the country with global adaptation and 
mitigation commitments. 

 
 

ROCK SLOPE STABILITY ANALYSIS FOR 
PLANAR FAILURES WITH ÚCAR NONLINEAR 

CRITERION 
 

Roberto. ÚCAR11, Norly. BELANDRIA11,  
J.G. GUTIÉRREZ-CH12, E.P. GRATEROL12, R. TORO13 

and L. ARLEGUI13 

 
 
Publicado en: 
New Challenges in Rock Mechanics and Rock 

Engineering – Tomás et al. (eds) © 2024, ISBN 978-1-
032-55144-9. https://doi.org/10.1201/9781003429234-
42 

 
Abstract 
The stability analysis of rock slopes holds paramount 

importance in a multitude of geotechnical projects, 
including rock-fill dams, embankments, as well as 
natural and excavated slopes. Among the various failure 
modes encountered in rock slopes, planar failure is a 
significant concern. Numerical analysis employing the 
Mohr-Coulomb linear criterion is a conventional ap-
proach adopted by engineers to evaluate the likelihood 
of planar failure within rock slopes. Nev-ertheless, the 
shear strength behavior of rock masses is universally 
recognized to exhibit nonlinear characteristics, 
rendering the Mohr-Coulomb criterion a simplified 
representation of a more com-plex reality. To bridge 
this gap, a range of nonlinear shear strength criteria has 
been formulated, aiming to more accurately depict the 
nonlinear behavior of rock masses. The objective of this 
paper is to provide novel insights into the stability 
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analysis of rock slopes through the application of the 
Úcar nonlinear criterion. The outcomes demonstrate 
that the Úcar criterion, when juxta-posed with other 
nonlinear criteria reported in scholarly literature, 
provides a more precise esti-mation of the potential 
failure wedge. 
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Abstract 
Úcar's criterion can be employed in the "predictive 

mode" during the initial stages of a project to determine 
the parameters for the resistance equations using simple 
compression and tensile tests (such as Direct Tensile or 
Brazilian tests), yielding a reliable estimate. As the 
project progresses to more advanced stages, it is 
generally recommended to conduct triaxial tests on 
specific rock units. In such cases, Úcar's criterion 
demonstrates a remarkably accurate fit in the 
"adjustment mode". This study explores both aspects of 
Úcar's criterion, utilizing literary and experimental 
triaxial test datasets (eighty independent data sets, 
covering a wide variety of rock types) to evaluate the 
level of data fitting achieved. Furthermore, a similar 
analysis is conducted using the Hoek-Brown criterion, 
allowing for a comparative assessment of the 
performance of both criteria. 
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Abstract 
The term "discontinuity" encompasses a series of 

geological structures, very different both in origin and 
mechanical behavior. It includes formational planes 
based on the origin of rocks, stratification and foliation, 
as well as the mechanical effects in the mass represented 
by joints and geological faults. The properties assigned 
to discontinuities, mainly applied to joints, such as 
persistence, frequency, roughness, aperture, and filling, 
are values considered constant in existing empirical 
classifications for the rock mass. However, this is a 
limitation, as it depends on the stress state of the mass, 
with observations taken into ac-count. Drilling and 
geophysical investigation complement the decrease in 
fracturing with depth. This article proposes the need for 
a new approach in the application of terminology for 
the geomechanical classification of the rock mass and 
for geotechnical characterization, eliminating the 
inconsistencies that arise when indiscriminately applying 
the term "discontinuity" to any plane in the geological 
structure. 
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Abstract 
The slope stability analysis, the critical height, the 

estimation of force on retaining walls or the calculation 
of the anchor force, requires a mathematical 
formulation that goes through an optimization process 
to determine the critical sliding surface. The process 
consists of the solution of a derivative with respect to 
the critical surface. The analytical solutions that have 
been found are based on a simple geometry for a 
triangular shaped sliding body. In this paper a solution 
procedure is proposed for cases of any geometry, 
including complex geometries. A simple numerical 
method called incremental method, is developed, 
specially designed for the analysis of stability, thrust or 
anchorage design by means of a spread-sheet. The 
methodology allows static or pseudo-static analysis. 
Several analysis cases are shown and their solution is 
compared with the results using advanced numerical 
methods, where an excellent correspondence is 
demonstrated. 
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