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Introduction

Slow-moving landslides are impactful phenomena in mountainous regions, affecting buildings and
infrastructure with critical economic and social consequences. Nowadays, the use of integrative
approaches is increasing to obtain a comprehensive assessment of these complex phenomena, as well as
the evaluation of their impact (Cardone et al., 2023; Notti et al., 2021; Peduto et al., 2018). This strategy
allows for a proper definition of risk mitigation policies, ensuring the safety of citizens and urban areas
(Cignetti et al., 2022; Peduto et al., 2021). In this context, we introduce a methodology to temporally
and spatially characterize large slow-moving landslides and assess the related evolution and impact on
anthropic elements, through the combined analysis of multi-source and multi-sensor data. We apply this
methodology to Mendatica, Arroscia Valley (Ligurian Alps, northwestern Italy), affected by large relict
and dormant landslides, with an active landslide portion impacting the village (Pepe et al., 2021). By
exploiting the progressive installation of on-site instruments associated with SAR data processing and
damage level investigation on buildings, we operated an overall historical reconstruction of the
evolution of this slow-movement phenomenon and related impact.

Methodology

The proposed methodology consists of a multi-instrument and multi-disciplinary approach that merges
geological-geomorphological ancillary data, on-site instruments measurements, satellite monitoring and
building damage survey to improve the comprehension of the relation between the morphology and
kinematics of landslides and the induced effects on the built-up environment (Figure 1).
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Figure 1. Outline of the materials and methodology used.
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An investigation and collection of multi-source and multi-temporal data was carried out. Ancillary data
were derived from national and regional web-portals (Federici et al., 2007; Trigila et al., 2008). In situ
monitoring data, i.e., soil moisture measures (Bovolenta et al., 2020), borehole data (inclinometer and
piezometer), and GNSS were analysed. An integration with SAR satellite images collected, processed
and interpreted, including the multi-frequency SAR data (X-, C- and L-bands) and multi-temporal
ranging in 2014-2022 (Noviello et al., 2020), has been carried out. A damage severity map was obtained
from a field survey of buildings and infrastructures. Damage severity classification was performed using
a ranking scale of five classes, ranging from 0 (negligible damage) to 5 (very severe damage) (Peduto
etal., 2017). The kinematic characterization coupled with damage classification allows us to investigate
the influence of landslide movement, allowing a complete reconstruction of its evolution and impact.

Results

Preliminary results reveal that most of the buildings examined during the field survey have negligible
damage levels in the portion of the village built on relict/dormant landslides. In contrast, diffuse
moderate to severe damage is located in the reactivations in the northeast sector. Buildings with very
severe damage are concentrated in the eastern sector of the Mendatica village, which corresponds to the
area with the most significant landslide activity. Within this sector, COSMO-SkyMed line-of-sight
deformation registered the highest values, exceeding 10 mm/yr. In general, there is a good match
between the CSK measurements and the building damage severity levels recorded during the last field
survey in May 2023 (Figure 2). Nevertheless, many interacting factors (object of ongoing study) create
a heterogeneous damage pattern. Field measurements of soil water content and piezometric level,
automatically processed within the LAndslide Monitoring and Predicting (LAMP) system (Viaggio et
al., 2022), confirmed critical areas of rain-induced slope instability, especially at Borgata Piano and
allowed real-time analysis of landslide susceptibility with which urban damage is related.
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Figure 2. Comparison of damage levels recorded by the field survey and deformation data from CSK ascending
geometry.

Conclusion

The multidisciplinary approach proposed is a way to understand better the complex relationship between
landslide kinematics and damage to buildings and infrastructure. The coupled information given by the
spatial diffuse monitoring given by multi-temporal SAR, combined with in-depth measures (e.g.,
moisture and inclinometers), is essential for understanding kinematics. At the same time, a detailed and
rigorous building damage survey (engineering approach) helps to assess the effect of landslide
movement. The same approach could be a model for many slow-moving landslides that affect villages
in many mountain areas, representing a suitable approach in risk assessment and proper land use
planning.
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Introduction

Hazard assessment is a key component within the broader risk analysis process, including the risk
analysis for geological hazards. Jennings (1966a) described hazards on dolomite land as taking place in
one of two ways, i.e. as a gradual or caving “subsidence” or a rapid and catastrophic subsidence defined
as “sinkhole”. In his analysis of the problem of building on dolomite, Jennings (1966a) concluded that
any structure built on dolomitic subsoil, be it house, office block, industrial plant, road, railway line,
dam, etc. might be exposed to danger of subsidence. Variability of ground conditions in karst terrains,
nature of earth materials and urbanization are critical factors contributing to the problem.

Increased urbanization of dolomite “karst” land around major metropolitan (City of Ekurhuleni, City of
Johannesburg and City of Tshwane) areas of the Gauteng Province, have resulted in densely populated
townships like Khutsong, thereby exacerbating the risk posed by dolomite related ground instability
events. These events occur primarily due to the loss of roof support and eventual collapse of the final
roof arch into subsurface cavities. In South Africa, sinkholes and subsidences do occur, and is mostly
ascribed to concentrated ingress of water eroding material into subsurface cavities, or regional
groundwater lowering or dewatering resulting in loss of roof support of the cavity (Dippenaar et al.,
2019). The frequency and severity of the problem is much increased in areas where the water table is
lowered (Jennings et al., 1965), or where it naturally occurs at greater depths.

The greatest challenge in hazard assessment is represented by lack of any data, poor quality or limited
availability because only the most destructive events are captured in public media platforms including
literature. It is in this context that the research team selected three of the most destructive events for
analysis and linked these to the natural setting and influence of the anthropogenic activities to determine
(1) the hazard rating and (2) estimate the probability (using a formular by Kirsten et al., 2014) of any
sinkhole event causing damage to a house/ building, road and water or sewer pipeline.

Methods

Hazard assessment process requires that complete data sets be available to characterize the identified
hazard. Lack of any data, poor quality or limited availability of crucial information in the data set may
prohibit a credible hazard assessment process regardless of the adopted method. The method for
dolomite land hazard assessment in South Africa is described by Buttrick et al., (2001), expanded in
Buttrick et al., (2011), and incorporated into the South African National Standard (SANS) 1936. It
requires that geological, geotechnical, geophysical and geohydrological data gathered during site
investigation be collated and analysed to formulate a perspective on the stability of a dolomite site.

Subsequently, this method requires that a site be zoned in terms of inherent hazard class (IHC — 1 to 8),
which is ultimately expressed in three broad inherent hazard categories, i.e. low, medium, and high.
Buttrick ef al., (2001), also defined sinkhole diameter of surface manifestation into four sizes, i.e. small
(<2m), medium (2-5m), large (5-15m) and very large (>15m).
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Results
The results of the current study and the discernible trends or observation maybe summarized as follows:
e |HC and zonation — the study area is dominated by high hazard with pockets of medium hazard.
e Events distribution and data quality — the study area is dominated by large to very-large (72%)
size events and 78% of the sinkhole data lack details on the cause of events.
o Determination of hazard rating — in confirming the hazard zonation, the study area is
characterized by over 80% of the events occurring in the high hazard category area.
o Probability of any sinkhole causing damage — the preliminary calculations indicate proportional
increase in the “probability of coincidence” as well as the “probability of damage” with
increasing diameter of a circumscribing sinkhole circle.

Data set analysis and insights suggest that the current hazard rating of the study area is “intolerable”
and housing development is not sustainable.

Conclusion

Quantitative estimations for sinkhole events which occur in the urban environments are critical. One of
the most important aspects in the hazard assessment process is data quality, and therefore, lack of data
inventory, which is a crucial step in the process, makes it impossible to compile a hazard map. The
greatest challenge is access to archives at relevant authorities or when accessed, available data sets are
incomplete to allow for credible retrospective analysis and the quantitative estimation of the problem.

If in the future local authorities, private property developers, national agencies (housing, roads, etc.),
bulk service providers and individual home/ property owners, are mandated to report all dolomite related
ground instability events into a central databank, the risk assessment practitioners and engineering
geologists will have a starting point when trying to assess dolomite sinkhole hazard. Therefore,
implementation of appropriate risk mitigation measures, legislated basic sinkhole inspection (initial
event dimensions, location, date, cause, etc.) and reporting requirements are needed.
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Introduction

In this study, the efforts made to determine the ground strength parameters of Sarigay Dam will be
explained. Sarigay Dam (western Turkey) is a 125 m high, Roller Compacted Concrete (RCC) dam
founded on Precambrian aged gneisses of the Menderes Massive, being built to meet the drinking water
needs of the region. In-situ test data and rock mass classification systems were utilized to determine the
strength parameters.

Methods

The variety of in-situ test methods provided important data in order to characterize Precambrian aged
foundation rock, subjected to tectonic phases and various degrees of metamorphism. Engineering
geology map prepared and strength parameters were evaluated via in-situ tests such as Probex
Dilatometer, Goodman Jack, seismic refraction and downhole seismic. After ground stripping and
removal of alluvium and highly weathered rock in the foundation, mapping and site studies carried out
at dam site and it provided important data for the geomechanical modeling.

While creating the geomechanical model, laboratory and in-situ test data and observations on site were
evaluated together in order to determine the shear strength and deformation modulus parameters which
are the most important input parameters in the static and dynamic design of a concrete dam. The in-situ
deformation moduli determined by in-situ tests using loading and unloading behaviour of rock and they
evaluated together to suggest input parameters separately for each geomechanical class.

Table 1. Suggested rock mass parameters

Parameter Right bank Thalweg Left bank  Conduit
Angle of internal friction, @ (°) 38 39 33 33
Cohesion, ¢ (MPa) 700 750 450 500
Deformation modulus (GPa) 2,2 2,5 1,7 2

Results

As a result of the findings; the stripping excavation on the left bank was deepened by approximately 30
m, and the dam face slope was changed to 1H/4V with the revised parameters. In addition, it was decided
to perform consolidation grouting at 3 m intervals at a depth of 20 m due to the low strength zones
encountered at shallow depths. Due to the changes in dam design and stripping excavation depth, the
dam body was lengthened by 40 m and the volume of the dam body increased by 30 percent.
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Figure 1. Stripping modification after geomechanical characterization

Conclusion
Metamorphic rocks show heterogeneous structure due to both the effect of metamorphism and intense

tectonic movements. Increasing the number of in-situ experiments and the variety of methods in places
with such heterogeneous mechanical properties provides important contributions to the classification of
geomechanical properties.
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Introduction

In 1983, the tailings pond was in a state of emergency with water seepage and a breach in the stability
of the dam. The rehabilitation of the tailings pond consisted of the reconstruction of the drainage system,
the construction of an embankment weight bench made from the heap material, the filling of the created
lagoon and the construction of additional monitoring probes. The Spania Dolina tailings pond was used
from 1977 to 1999 to capture solid substances contained in the wastewater from the flotation treatment
plant, which processed several types of raw materials. Initially, it processed copper ores, later Hg ores
and finally talc-magnesite raw material. The assessment of the stability of the dam using the deformation
method showed the relative strength of the tailings body, with the exception of the stability on the shear
surfaces above the dark sludge. As a remedial measure, the berm was drained with a subsurface and
surface drainage system and a gravity embankment was constructed. No further drainage systems were
constructed until the tailings pond was closed. In 2000, the stability of the tailings dam was assessed as
part of its reclamation and the condition of the tailings pond was continuously monitored. In 2021, a
comprehensive assessment of the safety elements of the Spania Dolina tailings pond was required,
including an assessment of the stability conditions of the dam based on variant stability calculations and
the construction of a modern monitoring network (Putiska et al., 2022).

Methods

Geotechnical, engineering geological, drilling, laboratory and geophysical work was undertaken to
provide a comprehensive assessment of the stability of the tailings dam system. This work included the
installation of inclinometric and piezometric boreholes, dynamic penetration probes (DPP), surface
geophysical measurements (electrical resistivity tomography - ERT, seismic refraction tomography -
SRT, MASW, electromagnetic induction - EMI) and borehole logging. The condition of the drainage
system was assessed using camera surveys and a comprehensive reconnaissance of the area surrounding
the sludge pond. In order to assess the influence of the relief on water inflows into the body of the
tailings pond, a map of relief slope vectors was created (Fig. 1). Above the level of the tailings pond are
the steep slopes of the surrounding hills, forming a relatively large area of the imaginary micro-
watershed of the tailings pond plain. On the area of the tailings pond and its surroundings, the inspection
revealed several deficiencies regarding the drainage of the tailings pond area and the drainage of water
from the surrounding slopes. Due to the saturation of the deposited material with water, seepage of the
dam occurs at the level of the foot of the bottom berm of the tailings pond. The occurrence of leaks in
the vicinity of drainage measures points to their poor efficiency and the need to dewater the tailings
pond.

Results

The stability conditions of the tailings dike system were evaluated based on the qqyn results from the
DPP point to a state related to the saturation of the tailings pond during the period of conducting the
penetration tests (April 2022). According to the defined criteria, the environment of the embankment
system was divided into quasi-homogeneous layers. The first group (red colour) with a qqyn value of 0
to 3 MPa represents an unstable environment, the second group (yellow colour) with a qayn value of 3 to



7 MPa represents a conditionally stable environment, the third group (green colour) with a qayn value
greater than 7 MPa represents a stable environment (Fig. 2).

1220700

SUUS the slope vectors of the relie

VI &5 the tailings pond

" profile - terrain topography
m

1220750-L B\ b

-1220800 b |

0 150 N

-1220850

y - JTSK [m]

-1221100 . »

1anso| T ¥

1221200 = \)

3

-1221250 : s 2
| \/( v qp

-1221300- % ”

~
-1221350+
E

-1221400 -
-419000 418900 -418800 -a18700 418600 418500  -418400 418300  -418200 418100 -418000

x - JTSK [m]

Figure 1. Map of the slope vectors of the relief

Figure 2. Visualization of continuous Qayn

Conclusion

The results of the monitoring system observations and stability calculations indicate that the saturation
of the tailings pond responds to seasonal variations and associated precipitation. This analysis suggests
that, under the most unfavourable conditions, the tailings dam system is a system with stable conditions
close to equilibrium over virtually its entire length and height. Based on a comprehensive evaluation of
the safety elements of the tailings pond, a modern monitoring network has been designed and built with
continuous on-line collection of information and warning conditions.
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Introduction

Geotechnical projects in mining, compared to geotechnical projects in civil engineering, have similar
characteristics of data acquisition, such as geological-geotechnical investigations, in situ tests, and
sampling for laboratory tests. Strategic changes in mining allow basic studies (hydrological, geological,
and geotechnical) to occur eventually untimely, creating obstacles to bypassing already disposed
materials or constructed structures, and limiting investigation methods, especially at depth. In terms of
challenges in the investigation, we can also mention the restriction of the use of pressurized water, the
adoption of drilling fluids (when performing permeability studies) and knowledge of their influence on
the environment, the tooling composition of the equipment used for deep geotechnical holes, the use of
special samplers, the choice of appropriate samples, and the execution of in situ tests. Despite good
engineering practices guiding procedures in widely known standards, these are not enough for obtaining
this information, requiring adjustments or even modifications; however, these alternative techniques
must be validated (MARQUES & LEAO, 2023). This extend abstract discusses the operational
methodology of soil infiltration tests using the wireline system as an alternative to the conventional
method in deep soils in mining projects in Brazil.

Methods

The methodology was based on the authors' observations in fieldwork and kick-off meetings with
drilling service companies, in addition to evaluating the procedure, as an alternative to the conventional
method for evaluating the soil permeability test (MARQUES & LEAO, 2023).

Results

Figure 1 illustrates the permeability test conducted with a non-conventional diameter (BWL). In this
representation, it is possible to observe a higher probability of leakage between the outer wall of the
BWL rod and the inner wall of the HQ rod. This system is seldom used in engineering projects due to
the lack of studies on the application of diameter reductions of in situ permeability tests, raising
questions about the efficacy of the test and the driving of the rods. It is worth noting that the shoe is
formed by a thin cutting piece, approximately 0.8 mm thick, while the annular space between the HQ
crown and the BWL is 8 mm. It is also emphasized that due to the absence of rod centralizers and
calibrators, there may be non-linearity of the BWL rod, and therefore the results may present
uncontrolled variables due to the variation of the perforated space. Moreover, as the hydraulic load of
the drilling column increases (as a result of deeper tests), the probability of water return increases.

By physical principle, the size of the contact area is directly proportional to the resistance, meaning that
the wider the tool wall, the greater the difficulty of driving the tool without causing wall collapse. In
locations without prior knowledge, tests may not be conducted at the desired depth but rather at a deeper
position (necessitating telescoping). In stratified materials of thin thickness, this procedure becomes
more critical, making it impossible to conduct the test in the section drilled with HQ. Given the absence
of technical-scientific studies on the presented methodology, it is not possible to assess the influence of
subsurface variables or the procedure itself.
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In (a), the methodology for performing
the infiltration test using the wireline
system:(1) Drill with the HQ rod to the
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comparison between the conventional
methodology and the wireline system.

Figure 1. Execution Procedure of Soil Infiltration Test Using the Wireline System.

The evaluation of permeability values should be correlated with geological conditions (BUREAU OF
RECLAMATION, 1995). It is a highly variable parameter, especially in tropical residual soils with
extensive granulometry, where the finer particles are generally aggregated in their natural state. The
comparison between methods and variables must have statistical support (LOPEZ-ACOSTA et al.
2019). Ununderstood hypotheses, such as flow geometry, measurement scales, and test methodology,
hinder the understanding of the results obtained by the procedure. It is important to note that the larger
the volume of the tested section, the greater the influence of the massif's characteristics. This
characteristic is valid for both shallow and deep tests, due to the soil's maturity.

Conclusion

For the adoption of new procedures, it is necessary for these methodologies to undergo critical
evaluation to assess the influence of changing factors associated with the modification of conventional
tools in different geological materials and with a higher number of tests. Therefore, research must evolve
by considering the variables that influence the results.
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Introduction

Deep foundations in weak rock formations are typically designed, with sockets in the rock mass. The
design of such foundations is based on the loading magnitude, geometry, elastic properties and the side
frictional resistance of the socket length. In the designs, it is a common trend to overestimate the pile
capacities, which leads to needless and inefficient use of materials such as concrete and reinforcement.
Most of the published correlations of fs (skin friction) to UCS (Unconfined compressive strength) are
developed based on the load tests on low-capacity piles in specific geological conditions, and the UCS
values which are not necessarily representative of the test depths, resulting in large variations in the
calculated foundation design depths. To overcome the problem, value engineering method- Preliminary
Test Pile (PTP) can be used to optimise the pile lengths, while meeting effectively the acceptable load
carrying capacities.

Methodology

As per Dubai building code (DBC) 2021 requirement, for obtaining allowable working capacity of pile
based on site investigation data a global safety factor of not less than 2.5 needs to be considered, however
in case of verification by static load test on piles are performed then partial safety factors as per Eurocode
to be applied. Accordingly, in order to estimate insitu skin friction in weak rocks, 3 high-capacity
bidirectional load tests were performed. The value engineering exercise was carried out, using Eurocode
approach, through back analysis of the data to optimize the design lengths of the piles. The theoretical
pile capacity was estimated based on William and Pell’s method (ref. 5) was found to be 8900kN for a
length of 30m. It was anticipated that a minimum a reduction +20% in pile length was considered.

| Optimization of Piles using Value Engineering |

Yy ‘ \J

I Literature Review | I Soil Investigation I | PTP - Bidirectional Load Testing I

y Y
I William Pells Method - Beta Method | *’l Ucs, RQD | | Skin Friction |

Y Y
| Skin Friction | | Euro Code Approach |

L
| Pile Capacity Evaluation | | Pile Capacity Evaluation |

v
I Comparing both the Pile Capacities |

Y

I Conclusion |

Figure 1. Methodology adopted for value engineering
Geology
The reclaimed land site in Dubai was explored with 24 boreholes depth ranges from 30 to 60m. The
exploration reveals a subsurface profile with 12 to 19m thick sand, underlain by 27m of Sandstone
followed by 17 m thick Conglomerate bed, and was further underlain by Siltstone up to 60m depth.
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Analysis with Eurocode approach based on PTP

Eurocode 7 (ref. 1) describes three procedures for obtaining the characteristic compressive resistance
Rc;k of a pile. The Re;k is to be determined directly (i.e. not estimated) from the measured pile resistance
Rc;m values (ultimate limit state resistances) by applying correlation factors &1 and &2 (related to
number of piles tested), to the mean and minimum measured resistances according to below equation
and values of &1 and &2 .

) ( 1 2 3 a =5
(R Re)os
Rﬁkz,wm{ ”;,”’9""; Eg‘ min £ 1,4 1,3 1,2 1,1 1.0
1 2
& 1.4 1.2 1,05 1.0 1.0

Considering Design Approaches: DA1.C1: A1 + M1 +R1; Al1=1.35M1=1 and R1=1 ; DA1.C2: A2 +
M1 +R4(Governing) ; A2=1,M1=1 and R4=1.4,

Design Approach-1, combination 2 is mostly governing; hence, was considered for this case study.
Based on the above estimated skin frictions the allowable skin frictions were recommended. The below
figure 2 shows the estimated skin frictions from PTP as well as through the theoretical estimates.
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Figure 2. Graphical presentation of skin friction values from PTP  Figure 3. Pile capacities vs Toe Level

Conclusion and Recommendations:
The above value engineering method/ exercise as shown in figure 3 helped in optimising the pile lengths
by over 30%. Hence, it is recommended to carry out the estimations of rock socket frictions in
Intermediate Geomaterials based on the pile load tests (PTP) and optimize the design length of deep
foundations. The value engineering exercise brought in substantial impact on the cost, time schedule,
safety and performance of the structure.
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Introduction

The case study area “Oostmolendijk” is located between the towns of Ridderkerk and Hendrik-ldo-
Ambacht, along the river Noord in the Zuid-Holland province of the Netherlands. Oostmolendijk is a
small part of the greater dyke ring IJssel-monde also known as dijkring 17. As a primary dijk,
Oostmolendijk is critically important for the protection of people and infrastructure in dijkring 17.
Whilst most of the dyke ring is considered stable, Oostmolendijk considered here is affected by
continuous ground settlement and cracking of the road surface resulting in ongoing maintenance
problems. This excessive settling and spreading relative to neighbooring dijks, leads to widespread
cracking in the embankment face and the road upon it (Reale et al., 2023). The dyke has a height of
approximately +4.7m NAP (Amsterdam Datum Level) with a small berm providing support at
approximately +2m NAP.

The investigation consists of geophysical techniques (MASW and ERT) and geotechnical methods
including additional CPTs and Borehole to obtain soil samples. An important focus of the investigation
is to consider both the vertical and horizontal scales of fluctuation of the soil layers. Cone penetration
tests (CPT) were carried out along the embankment at regular intervals, both on the dyke and in the field
adjacent. These show a relatively uniform profile consisting of Holocene era soft soil deposits to a depth
of 12 m below NAP overlying Pleistocene era coarse sands to great depth. Investigation boreholes at the
site indicate that there are three different soft soil layers present within the Holocene deposits. An upper
organic silty clay layer overlying a peat layer, which is in turn underlain by a lower clay. The aim of the
survey was to improve geotechnical knowledge of the substratum and understand the material spatial
variability, partiularly in the horizontal direction in order to identify areas of critical concern and design
a suitable stabilisation method.

Methodology

The CPT programme was designed to enhance the identification of the horizontal scale of fluctuation.
The CPT layout ensured multiple CPTs were positioned at each lag distance (e.g. 1m, 2m, ... etc.), see
Figure 1. Repeated close range measurements are crucial for accurate determination of the scale of
fluctuation, as they help ensure consistent peak and trough detection. This approach maximises the
efficiency of data collection while enhancing the reliability of the spatial variability analysis.

9e

No. Pairs

1 o o o

10 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Lag [m]

Figure 1 CPT pairs versus lag distance, ensuring repeated measurement at close lag distances.
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The CPTs were broken into layers for spatial analysis before being decomposed to investigate the
underlying spatial structure. A Gauss-Markov correlation function was then fitted to the underlying
structure using a least squares approach (Reale et al., 2022). The results were then interpreted vertically
and horizontally to determine the scales of fluctuation.
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Figure 2 Horizontal correlation for the peat layer, red dashed line indicates fitted Gauess Markov model,
showing a horizontal scale of fluctation of 5.14m

Results and Conclusion

Initial results at Oostmolendijk show a significant difference in the horizontal scale of fluctuation
between the layers, with the deeper Pleistocene sand layers having reasonably small horizontal scales
of fluctuation less than 1m. While the Holocene soft soil deposits exhibit far larger horizontal scales of
fluctuation of up to 5.14m, see Figure 2. This indicates that across the linear dijk there is likely to be
zones of high relative weakness in the soft clay and peat layers. Designing the CPT layout to maximise
the number of CPTs at close range lag spacings enhanced data collection and ensured accurate horizontal
scales of fluctuation could be obtained from all layers The next steps at the site are to interpret the
laboratory testing and geophysical surveys and correlate them with the CPT results to build a full ground
model to identify potential zones of weakness.
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Introduction

The EU's trans-European transport network policy, the TEN-T policy, aims to develop a more efficient
and high-quality transport infrastructure across the EU. Romania has the privilege to develop during this
period many infrastructure projects to ensure the implementation of the TEN-T framework on its
territory. These projects are in different stages of implementation, from feasibility studies to design and
execution. In the southern part of Transylvania, in-situ investigations were carried out for the design of
a motorway sector. The section is known to be an area with a good foundation ground, comprising a
covering formation made up of alternating fine or coarse stiff, uncohesive deposits, and a marly bedrock.
Following the site investigations, a body of salt was identified underground that extends along the length
of the highway for about 500 m. The salt body occurs at depths between 17.00 and 23.00 m, down to
depths of 40.00-45.00 m. It is much thicker in its eastern part, of about 20.0 m, thinning to the west,
where its thickness is reduced to 5.00 m. Salt does not appear over as a massive body and is dispersed
with in the marly formation that constitutes bedrock.

Methods

The salt body is associated with other types of soils that can be constituted as difficult foundation soils.
Thus, around the salt body there is a typical formation, called "salt brecia" (also described in point 8),
but also "sinkhole" areas (depression, collapse or suffocation), of circular or semicircular shapes, in a
depression form, sometimes as a water hole (with fresh water), surrounded by typical hydrophilic
vegetation. Following the information collected from the nearest City Hall, it was confirmed that there
were no salt exploitations that used water injection and saline extraction, so from this point of view,
theoretically, there is no risk of the existence of caverns due to salt exploitation. However, the formation
is crossed by groundwater, also in the area being historically known a well (it has not been identified at
this time on the ground), from which the locals used to extract salt water for food preservation. The
existence of sink-hole water accumulations in the area shows that in the past there have been collapses
at the level of the salt deposit. Cracked soils appear, also called "salt brecia", associated with the salt
body. Their cracking is due to the geological growth of the salt body. It can occur in the upperside or
bedside area of the salt body, or can be interspersed with it, and is made up of centimetric fragments of
marl or marl sites mixed with centimetric fragments of crystalline or recrystallized salt. The existence
of salt bodies can also be associated with faults or anticline zones.

A number of investigations were perfomed in-situ the area.
e 20 boreholes with depth between 30.00 and 80.00 m
e in some of the boreholes, SPT test were performed
e Menard presiometer test were performed in 3 level of depth
e An exhaustive geophysical survey consisting by electric sounding and seismic refraction

Results

In general, the stratification found in geotechnical drilling is made up of covering formation and base
rock. The covering formation is of Pleistocene age and is mainly made up of fine or coarse non-cohesive
deposits, medium dense up to average depths of -10.00 m, which rest on thick non-cohesive deposits.
At the top of them there are also clayey-dusty intercalations. The base rock, of Miocene age, is made up
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of marly clays, clayey marls, marls, with some thin intercalations of sandstones or cemented sands.

At the top of the base rock was found the salt deposit, with thicknesses between 5.00-25.00 m, in the
eastern part with thicknesses of 25.0 m, tapering to the west, where it reaches thicknesses of 5.0 m or
even less. The salt deposit appears both as a finely disseminated salt, mixed with the mass of marly clay,
especially in its edge areas, but also as a massive salt. In the western part, the salt has a migrated nature,
on the layer surface, recrystallized. The depth at which the salt deposit was found is as follows:

Table 1. Salt formation limits
Salt formation Salt formation

Borehole upperside depth (m) bedside depth (m)
F739 - -
BH13_ 1 21.50 22.00
F740 20.00 20.50
BH13 2 20.00 20.50
F741 17.00 23.00
BH13 3 18.70 22.30
F742 19.50 24.00
BH13 4 24.30 26.00
F743 20.00 26.00
F744 24.00 25.00
BH13 5 25.50 41.00
BH13 5a 22.00 37.00
F745 - -
BH13_6 24.10 38.40
F746 20.50 38.50
BH13 6a 16.90 41.00
BH13 7 16.50 40.00
BH13 7a 15.70 39.80

As a result of the geophysical investigations, the contour of the salt body was determined, the
propagation speeds of the seismic waves were identified, and the values for dynamic parameters and
the Poisson coefficient were established for the analyzed strata. The quality class of the soils encountered
was also established, in accordance with the provisions of Eurocode 8.

Conclusion

Considering the fact that this salt body is part of the foundation ground of a future viaduct, whose project
involved indirect foundation, on piles, it became extremely important to know the geometry and its
properties, in order to choose a feasible foundation method.

The in-situ investigation program involved geotechnical drilling, in-situ tests (penetration and
presyometric tests) and geophysical investigations. The result of the interpretations of field and
laboratory investigations will lead to the choice of a design solution that will ensure the stability and
integrity of the future construction.
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Introduction

A project for the construction of high voltage overhead transmission lines (OHTL) in Norway started in
2016. Typical high voltage line consists of 3 main parts: foundations, steel lattice towers, and electrical
conductors (wires). In this project every tower had 4 “legs”, each connected to its foundation. Two
general foundation types (Statnett SF 2016) were designed: 1) rock foundation with steel rebars
vertically anchored into the bedrock, and 2) soil foundation with a concrete foot plate buried at designed
depth (2 - 4.5 m). This work presents the events occurred during the construction of foundations for 6
towers located in an agricultural area and the conducted geological and geotechnical investigations.
Construction works had to be executed when the ground was frozen to prevent damage made by
vehicles. Soil excavations started in February 2017. After approx. 1.5 m of humus, a layer of light grey
material appeared. Based on visual check, material was classified as silty clay with significant amount
of water content, relatively soft at surface, but it didn’t seem like a concern. Designed excavation depth
was more than 3 m and excavator started to excavate this material. Immediately after, the material started
to change its properties significantly. It became extremely soft, almost liquid, with tendency to flow,
excavated pit walls were collapsing and the excavator was sinking in it, but undisturbed parts of the
material were still relatively stiff. According to behaviour of this material it was assumed to be sensitive
or quick clay. Construction of six foundations within the time schedule in this material was a challenge.

Methods

Geological data consisted of geological maps of bedrock (Norges geologiske undersgkelse (NGU)),
description of the line route, (geological setting, definition of rock type and drillability parameters)
(Statnett SF 2016), rock foundations design rules (Statnett SF 2016) and instructions for classification
of the rock ground (Statnett SF 2016). Rock classification and soil type determination were conducted
prior to construction. There was a concern that designed foundations were not suitable due to very poor
physical-mechanical properties of the material. Differential settlements were expected and waiting for
laboratory testing for calculating foundation design would take too long. Therefore, it was decided to
try with in-situ experimental solutions. In situ and laboratory tests were conducted later (Table 1) at
tower site where the material was so soft that calculated piled foundations had to be built.

Results

According to geological maps 1:50,000 and geological description of the line route, heterogeneous
migmatitic gneisses covered with quaternary deposits (moraine, gravel, sand clay) were expected in the
area. Excavation showed presence of soft and sensitive material at all 6 tower sites but with different
properties.

Soft sensitive clays like quick clays are well known in Scandinavia and in some regions in Canada. The
salt pore water of these marine clays has been leached out since last glaciations and left a brittle mineral
structure. Norwegian quick clay has a very low permeability and hence pore water pressure becomes a
crucial parameter that can affect the stability of material. Soft sensitive clays, also termed quick clays,
usually exhibit sensitivity greater than 30 and have remoulded shear strength less than 0.5 kPa.
Sensitivity is defined as a ratio of undisturbed undrained shear strength to the remoulded undrained
shear strength of the material (Thakur et al., 2006).

Some excavation pits were performed 1 - 2 weeks earlier and thin layer of ice was formed at surface of
the material. At these sites the material was not extremely soft. In more recent excavation pits, material
was still very soft. Fortunately, the terrain was flat and there was no danger of landslides, so the main
concern was how to build foundations within required geometric tolerances as foundations settlement
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was expected. Accordingly, two foundation methods
were tested: 1) soil improvement by compacting crushed
stone in layers and construction of foundations
according to the original design. Method was chosen at
tower sites excavated earlier and according to the design
(four separate excavation pits for each foundation) as the
material seemed relatively stiff, and 2) at later excavated
tower sites, change in foundation geometry was chosen.
Instead of four separate and deep foundations, one big
and shallower foundation foot plate was applied, with
s geonet and layer of uncompacted crushed stone beneath
Figure 1. Two excavators spreading crushed ~ the foundation (Figure 1). Method 1) was partially
stone into the excavation pit successful. Compacting crushed stone made the material
softer at some spots so it wasn’t compacted evenly. Most
of foundations built with this method had differential settlements but inside tolerances. Foundations at
one tower spot built with this method had to be demolished and rebuilt due to differential settlements
caused by heavy rain during concreting. Method 2) was successful at all applied tower spots. At one
tower spot material was so soft that people were sinking in it so rapidly that it wasn’t possible to work
in it. At this tower site foundation piles were applied. Figure 1 shows laboratory and in situ test results
conducted at this tower site.

Table 1. Laboratory testing results showed changes in sensitivity with depth

Depth (m) W Remoulded Cu | Undisturbed Cu | gi=Cu(undisturbed)
(%) (kPa) (kPa) Cu(remoulded)
3 30-33 7 35 5
6 35-41 ~05 8-9 16-19
9 35-37 <=0.5 13-23 25-40

Conclusion

Itis not arare case in OHTL industry that economic feasibility of geotechnical or engineering geological
investigations are questioned due to their high costs (a lot of tower spots, difficult terrain, environmental
restrictions etc). This case presents one of many possible consequences of unexpected and rare material
occurrence in construction projects and emphasizes importance of detailed preliminary investigations.
Fortunately, in this case the consequences were only of financial nature. Inclined terrain, higher air
temperatures or lack of good planning and cooperation would probably endanger the whole project.
Multidisciplinary investigations, optimised for specific project, should be part of planning process for
important infrastructural projects. Engineering geological and geotechnical investigations shouldn’t be
considered as an expense but rather as an investment in safer construction.
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Introduction

Geotechnical designing in Karst is often challenging because of many unknown parameters related to
materials, composition and current condition of field of research. To get comprehensive picture of
underground, geophysical methods presents fast and reliable solution to identify important features of
underground that are later used during geotechnical designing (Yilmaz, 2015). Construction of luxurious
mansion is planned in village Zudeti¢i, municipality of Vizinada. Location of the construction site is at
the edge of Pazin flysch basin where Eocene flysch is in contact with Cretaceous limestone.

Methods

During field prospecting, indications of fractured and hollow zones have been observed. In that zones
during rainy periods a flow of water can be heard. This flow of water is unlike characteristic underground
water flows in karst areas and instead it is represented as water pockets that sporadically move through
smaller fractures and possibly small caves. Local residents describe sound of flow as “crunching” or
“gurgling”.

-

Figure 1. Distribution of geophysical profiles.

Geophysical profiles were set along main axes of the building, perpendicular to flysch and limestone
contact and along all locations with presumed fractures and caves. Geophysical methods included
seismic refraction tomography and geoelectric tomography. Combination of such methods provides key
parameters needed to differentiate materials and to detect fractured zones with positions of main
fractures and caverns (Gebrande & Miller, 1985.) (Gibson, Odegard, & Sutton, 1979).

Results

Boundary between flysch and limestone as well as their volume and thickness were determined through
electrical resistance propagation. By observing only electrical resistance propagation it is not possible
to unequivocally detect fractured zones. Elastic P-waves propagation in seismic tomography confirmed
forementioned boundary and showed many zones with inversion of velocity of seismic waves. Inversion
in elastic P-waves velocities, which is gained by seismic inversion modelling, is significant indicator of
fractured zones and caverns underground. During initial phase of construction, zones with inverted
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seismic velocities and increases in electrical resistivities have been confirmed as fractured zones with
significant fractures and caverns.
P-wave velocity
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Figure 2. Seismic refraction profile.
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Figure 3. Electric tomography profile.

Conclusion

In order to establish as reliably as possible the existence of geological phenomena such as caverns,
cavities, fractured zones, cracks, contacts between different lithological members, it is necessary to
avoid the ambiguity of geophysical methods (Yilmaz, 2015). Geoelectrical tomography can distinguish
between materials if they have different electrical conductivity (Loke & Dahlin, 2002), but the results
can easily be affected by a number of factors such as, for example, a change in the water level (or the
absence of water) underground. On the other hand, using refraction tomography, it is often impossible
to distinguish between materials (Gardner, Gardner, & Gregory, 1974) due to their similar velocities (ie,
compacted marl and weathered limestone), even if they have significantly different electrical
conductivities. Therefore, the combination of seismic refraction tomography and geoelectric
tomography increases the reliability of distinguishing materials and successfully determining
phenomena such as fracture zones and caverns.
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Introduction

Karst-related sinkholes and subsidences occur on areas underlain by Chuniespoort Group dolomite
bedrock in the Gauteng Province, South Africa. Although dolomite land occurs across five of the nine
South African provinces, the sinkhole problem has considerably been more severe in Gauteng than in
other provinces (Constantinou and van Rooy, 2019).

Khutsong township was established in the late 1950s, as a result of the gold mining history has been a
source of migrant labour for areas around South Africa and neighbouring countries, such as
Mozambique, Swaziland, etc (Kirshner, 2012, in Tune, 2016). At the time of establishment, no
geological surveys were conducted to determine the suitability of the area for urban development.

Despite the ever-increasing ground instabilities in the region, Khutsong contunued to develop until 1980
when a private firm was comissioned to conduct a first geotechnical study. From this date until at least
the year-2013, several dolomite stability surveys have been conducted by various engineering geological
firms and a Dolomite Risk Management Plan (DRMP) was compiled in 2004 (HDA, 2020). Inspite of
these intervesions and the formation of disaster management team of the Westrand District Municipality
by the then newly established Merafong City Local Municipality (MCLM), new sinkhole events
continued to cause havoc across Khutsong and even in areas previously classified as safe. From 2016 to
date, the situation has drastically deteriorated resulting in several house being demolished, roads closed,
and the wet services network destroyed creating a local state of emergency. As a result of the intolerable
rate of new sinkholes and in line with the Disaster Management Act, 57 0o 2002 (DMA), a State of Local
Disaster was declared on Khutsong North during November 2016.

The dolomite risk assessment study is aimed at gathering data relevant to re-assess the current situation
and provide details on any additional areas for inclusion into the Khutsong North Re-settlement Plan.

Methods

The ultimate objective of the project is to align the existing development with the technical requirements
as stipulated in South African National Standard (SANS) 1936:2012 for development on dolomite land
and the National Home Builders Registration Council (NHBRC) 2015 Manual. Data and information
were collated from a few sources for review: MCLM, ENGEODE Database of the Council for
Geoscience (CGS), including site visits and stakeholder engagement meetings. Reference was also made
to various published sources (maps) and previous media reports addressing the issue of dolomite risk.

Using the available reports, percussion boreholes and ground instability events occurring within the area
of Khutsong North Extensions (Khutsong Proper & Extension 1 — 6), the stability of the area was re-
assessed in terms of the current Method of Scenario Supposition — statistical occurrence of eight inherent
hazard classes as described in SANS 1936-2:2012.

Results

The available record of ground instability events combined with geological maps, geotechnical and
geohydrological data was used to assist the MCLM to outline the necessary measures and implement
the Khutsong North Re-settlement Plan. The current dolomite stability risk assessment broadly
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subdivided the study area into two composite inherent hazard class (IHC) zones, namely: Zone 1: IHC
3-4//1and Zone 2: IHC 5-8//1. This zonation largely reflects medium to high susceptibility of medium
to very large size events with respect to ingress of water, and a low susceptibility of all-size events with
respect to groundwater level drawdown. Based on the current study, the existing resettlement plan was
revised, and new priority area were added to make a total of nine (9) priority areas, Figure 1.

KHUTSONG NORTH EXTENSIONS
PRIORITY AREAS FOR RELOCATION

Figure 1. Priority areas identified for re-settlement, (CGS Report, 2020)

Conclusion

The regional dolomite risk assessment on Khutsong North Extensions confirmed that the area is
predominantly characterised by high hazard (IHC 5 — 8), i.e. over 58% of the boreholes reveal these
conditions. Furthermore, the available ground instability events (sinkholes & subsidences) recorded
reveal an area dominated by larger (5-15m) to very-large size events (>15m). Most of these events are
directly attributed to poor stormwater management and leaking water-bearing infrastructure. The
situation has led to the demolition of many houses, closure of roads and collapse of the wet services
systems, and has necessitated the consideration of an expensive re-settlement option.

In conclusion, the area is deemed generally unsuitable for residential development and at least, the
upgrade of the wet services infrastructure must be implemented in the non-priority areas.
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Introduction

To ensure a sustainable economic return over a 20-year period, the deployment of photovoltaic (PV)
installations necessitates the critical consideration of solar irradiance and site suitability. Developing
solar power on unstable sites can lead to significant damage from landslides, making it essential to assess
ground stability in advance. A Digital Elevation Model (DEM) serves as a crucial tool in this assessment,
representing terrain surfaces through elevation data contained in each pixel. Topographic analysis using
DEMs provides critical site parameters such as slope gradients and hydrological systems, essential for
selecting stable sites for solar installations. High-resolution (HR) DEMSs, offering more detailed
analyses, are preferable but may be difficult to acquire or limited in area and scope. Evaluating the
accuracy and cost-effectiveness of HR data is necessary. This study aims to compare how three critical
geological parameters for photovoltaic site suitability—slope, aspect, and distance from streams—
change with different DEM resolutions and how these changes affect the identification of suitable areas
for PV installations. Should significant disparities between low and high-resolution DEM data emerge,
future research could utilise super-resolution techniques to synthesise HR data from existing lower-
resolution (LR) datasets. This study serves as a preliminary study, analysing existing DEMs of varying
resolutions.

Methods

This study evaluates the impact of DEM resolution on the suitability of sites for PV installations,
focusing on three distinct geographic regions in South Korea: flatlands, mountains, and mixed terrain,
each spanning 2000 km2. Two types of DEMs are utilised: a low-resolution DEM with a spatial
resolution of 30 m (ASTER, 2023) and a high-resolution DEM with 12.5 m (ASF, 2024). The study
concentrates on 3 critical topographic factors that significantly affect the viability of PV installations:
slope, aspect, and distance from streams. Land stability increases with a slope inclination angle of less
than 10° (Nebey et al., 2020). Unstable slope affects both the construction feasibility and risk of land
movement. Solar panels in the northern hemisphere generate optimal energy on south-facing slopes
(157.5°-202.5°), and sites more than 1 km from streams are preferred to mitigate flooding risks (Nebey
et al., 2020). Using ArcGIS, a Geographic Information Systems (GIS) platform, three topographic
factors were extracted from both the LR and HR DEMs. A detailed comparison was then conducted to
evaluate how DEM resolution influences the assessment of each parameter and the sensitivity of site
suitability assessments.

Results

Across all topographic factors and regions, HR DEM showed a decreased area suitable for PV
installations (Table 1). For slope, HR DEMs have steeper slopes than LR DEMs, resulting in a smaller
area suitable for PV installations, particularly in mountainous regions with the greatest difference in
suitability. Aspect exhibited the least change between LR and HR data, implying that it is less sensitive
to resolution. However, HR DEMs detected significantly more streams in all regions, reducing suitable
areas due to the 1 km safety buffer requirement. Figure 1 shows that LR detects main streams (primary
and secondary) comparable to HR, but has limitations in detecting detailed tributaries. The Flatlands
area revealed the greatest difference, with 243 more streams identified via HR data, greatly limiting
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suitable sites.
Table 1. Suitable areas for PV installations based on topographic factors using LR and HR DEM s in flatlands,
mountains, and mixed terrain.

Criteria Flatlands (km?) Mountains (km?) Mixed terrain (km?)
LR HR LR HR LR HR

Slope (under 10°) 1631.15 1564.56 221.52 195.15 773.3 744.94
Azimuth (south facing) 249.21 223.56 249.41 249.16 252.7 235.59
Distance from streams (> 1 km) 1568.32 1067.19 1616.06 1145.67 1636.72 1169.66

Combined 155.83 15.3 18.12 1.55 66.2 5.84

Flatlands Mountains Mixed terrain
1
51 streams — 294 streams
12 streams 74 streams
82 streams 431 streams
LR HR LR HR IR  HR

mmmm Primary

mmmm  Sccondary I
wesm Tertiary “V/ﬁ 3
0 10 20
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Figure 1. Stream networks identified using LR and HR DEMs in flatlands, mountains, and mixed terrain.

Conclusion

This study assessed the impact of LR and HR Digital DEMs on the identification of suitable sites for
PV installations. HR DEMs identified 73 km? less suitable sites across all terrains, a 3.6% difference
over the total area (2000 km?). This discrepancy arises from HR DEMS' superior ability to delineate
stream networks, highlighting significant advantages of fine-resolution data, particularly in identifying
areas less susceptible to flooding. Consequently, HR DEMs provide a more detailed assessment,
enabling more accurate and sustainable site selection for solar installations. The findings emphasise the
benefits of HR data for terrain analysis, recommending the use of existing high-quality resolution data
where available or generating such data through super-resolution techniques in future research. This
contributes to the strategic planning and optimisation of solar energy projects, emphasising
environmental considerations and long-term sustainability.
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Introduction

The ongoing process of weathering in nature produces progressive but intricate changes in rock
microstructure. The common 6-fold weathering classification scheme for uniform materials proposed
by ANON (1995) is applicable for categorizing weathering grades of most polymineralic rocks.
However, capturing the intricate gradational change of quartzite in response to weathering is a
challenging task as quartz, the most resistant mineral to weathering, is the chief mineral constituent of
quartzite. Subsequently, assessing mechanical properties of quartzitic materials with reference to
weathering grades becomes difficult in an engineering environment encountering weathered profiles.

It is likely that the degree of weathering of the joint surface materials would influence the shear behavior
of quartzitic joints. However, quantitative assessment of shear behavior of quartzitic joints with
reference to weathering grades does not seem to have gained much attention.

This extended abstract first presents the author’s experience in categorizing weathering grades of
quartzitic materials from the Chaibasa Formation (India) and evaluating their mechanical properties with
reference to the categorized grades. Subsequently, the shear behavior of quartzitic joints with regard to
the degree of weathering of joint surface materials, which has got tremendous implications to shallow-
depth rockslides in quartzitic terrains of tropical/sub-tropical regions, is also evaluated.

Methods

Quartzitic rock materials from the Chaibasa Formation (India) were investigated by the author and his
co-workers (Basu et al., 2011; 2012). An attempt was made to categorize weathering grades of these
materials using the 6-fold weathering classification scheme (ANON, 1995). In order to capture the
gradational variations of the quatzitic materials, observations pertaining to discoloration/staining, grain
luster, intactness of grain boundaries, relative strength and slaking were utilized to discriminate
weathering-induced gradational changes of the quartzite materials. It is to note that quartzite dominantly
consists of quartz grains which hardly show any discoloration and the weathered appearance of the
guartzitic rocks is attributed mainly to the alteration of biotite and other iron bearing minerals that are
present in a small proportion (< 5% of the rock volume). Such macroscopic categorization of weathering
grades was also substantiated by microstructural study as well as by rock index tests (e.g. rebound
hammer test). Uniaxial compression and Brazilian tensile tests were performed on the drilled core
specimens of the quartzite.

Only a handful of studies explored the influence of weathering on the shear behavior of rock joints. With
regard to quartzitic joints, this issue did not seem to have been explored. The author along with his co-
workers (Ram and Basu, 2019) investigated shear behavior of unfilled-planar qurtzitic joints with
reference to weathering grades of joint surfaces. The weathering grades were determined exactly in
compliance with the method demonstrated by (Basu et al., 2011; 2012). Multistage CNL (constant
normal load) direct shear tests were performed at three different consecutively increasing normal
stresses within a range of 0.22-0.70 MPa under dry condition. Since quartzite is virtually a
monominerallic rock and joints with different weathering grades but with comparable joint roughness
coefficient were selected for the study, the shear behavior observed in the laboratory were likely to be a
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direct function of weathering grade of the joint surfaces.

Results

Uniaxial compressive strength, Young’s modulus and Brazilian tensile strength of the quartzitic
materials were determined in the laboratory. The ranges of these values with reference to weathering
grades are presented in Table 1 which broadly demonstrates an adverse effect of weathering on the
mechanical behaviors. Table 1 also shows some overlap of these ranges particularly in adjacent grades.

Table 1. Mechanical properties of quartzitic materials with reference to weathering grades (from Basu et al.,

2011; 2012)
Weathering  Uniaxial compressive Young’s modulus Brazilian tensile
grade strength (MPa) (GPa) strength (MPa)
I -205.76- -45.56- 11.35-8.99
I 114.75-51.71 15.88-6.07 8.50-2.54
" 80.00-42.46 5.22-3.45 4.79-1.87
v -42.44- -1.08- 2.29-1.65

Representative shear stress-shear displacement plots of the quartzitic joints are shown in Figure 1. It
should be noted that finding fresh rocks at the ground surface is unusual as reported by previous
researchers. The omission/absence of Grade | joint surface in Figure 1 is attributed to the unavailability
of those rocks on the investigated outcrops. A clear adverse effect of degree of weathering on the shear
behavior of joints becomes apparent (Figure 1). The strength of the joint surface materials which is a
function of weathering grade plays a key role in controlling the shear behavior of the joints with minimal
asperities. The nature of the shear behavioural patterns of Grade Il and Grade Il joints are, however,
similar whereas Grade IV joint shows a completely different shear stress-shear displacement pattern
(Figure 1). It was not possible to carry out multistage CNL direct shear tests on Grade 1V joint surfaces
as the test specimens got broken after the first phase of shearing (Figure 1). Another interesting feature
Figure 1 depicts is that the difference of peak strength between two dissimilar grades is maximum at the
highest normal stress. This can be attributed to the crushing of asperities which is more likely to happen
at relatively higher normal stresses in case of higher weathering grade. From the peak shear strength vs.
normal stress plots, the peak friction angle could be determined. The ranges of peak friction angle for
Grade II and Grade III joints were found to be 38°—40° and 31°-35°, respectively.

Conclusions

» The conventional 6-fold weathering classification for uniform materials is capable of capturing
gradational weathering induced changes of quartzitic materials.

* Asweathering intensifies, deterioration of mechanical properties of quartzite becomes apparent.
The ranges of mechanical properties of quartzitic materials, however, do depict some overlaps
particularly in adjacent grades.

»  As weathering of quartzitic joints intensifies, both peak shear strength and peak friction angle
get reduced.

» At higher normal stresses, the adverse effect of joint surface weathering on the peak shear
strength becomes more prominent than at lower normal stresses.
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Introduction

Ordos City is a significant coal production base in China, with frequent mining activities that
have led to the formation of numerous goaf areas.By analyzing the deformation rate values and
distribution characteristics from SBAS-InSAR results, the range of subsidence areas caused by coal
mining in Ordos City can be identified. The deformation characteristics of these subsidence areas are
further examined by focusing on typical subsidence zones based on their deformation rates.

Methods

In this research, SBAS-InSAR technology is employed to monitor surface deformation in the coal mines
of Ordos City and obtain detailed deformation information for the study area. The deformation rate is
then estimated using the singular value decomposition method, allowing for the characterization of the
temporal variation in the study area.

Results

A total of 142 coal mine goaf subsidence areas were identified within the study area, covering a total of
833.83 km?, with a maximum deformation of -778.362 mm.

The subsidence rate in these areas is negative, exhibiting a pattern of multi-layered circular nesting.
According to the timing analysis results, subsidence in the goaf areas occurs continuously.The
subsidence rate is significantly influenced by mining activities, leading to a sharp increase in settlement
rates.

Legend
[ Goaf Boundary

110°

109°40°

Figure 1. Annual deformation rate of Ordos and enlarged views of typical ereas
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Conclusion

To mitigate the threats to personal safety and property loss caused by geological disasters in large
subsidence areas resulting from extensive mining activities in Ordos City, it is crucial to accurately
determine the subsidence zones within goaf areas.

By analyzing surface deformation rates and distribution patterns, along with temporal analysis of
deformation characteristics, these hidden geological dangers can be effectively identified and addressed,
reducing the risks associated with subsidence areas.
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Introduction

Artificial reclamation is one of the main means of land expansion for many coastal cities around the
world. However, the permeability of underlying soft clay (USC), derived from the dredged load, has not
been paid enough attention, although it is closely related to the long-term deformation and stability of
foundation soil. Hence, this paper analyzes the relationship between time-varying permeability
characteristics and microscopic pore characteristics of USC in reclamation area. This paper may provide
a scientific basis for explaining the long-term differential subsidence in different reclamation areas and
other similar areas.

Methods

Chongming East Shoal located at the eastern end of Chongming Island, is one of the typical multi-phase
reclamations in Shanghai. Five boreholes were arranged from west to east to obtain the property change
of soft clay in different reclamation periods.A series of indoor tests, including the variable head
permeability test, mercury intrusion porosimetry, and scanning electron microscope, were carried out to
reveal the micro-mechanism of differential permeability.

Results

The results revealed that the seepage process of clay showed a transition from unstable seepage to
relatively stable seepage. Meanwhile, the permeability coefficient (PC) attenuated with time cyclically,
indicating the alternating effect of the closed and opened unstable seepage channels. During seepage,
clay particles could be entrained by pore water and intercepted by pores, thus clogging seepage channels.
Then, the increased pore water pressure could break through new seepage channels. The degree of pore
clogging was positively correlated with the average cycle period of PCs, and this was also present in the
relatively stable stage of PCs.
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Figure 1. Evolution and statistics (per 1000 s) of representative permeability coefficients of soil samples S1-S5.
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Figure 2. Microstructure characteristics of USC in different reclamation areas

Conclusion

A lower mesopores content, higher fractal dimension, and aggregated flocculate microstructure could
promote the clogging effect and result in lower permeability efficiency. Affected by unstable seepage
channels, soft clay may face long-term potential deformation in the future, which needs further
investigation.
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Introduction

Discontinuities on slopes typically exhibit lower mechanical strength compared to the intact rock,
making rockfalls and landslides slide along them. As a result, accurately identifying discontinuities on
high and steep slopes is crucial for determining the boundaries of engineering geohazards.

Point cloud data is widely used in automatic identification research. Traditional methods for automatic
identification based on point cloud data can be broadly classified into two categories: clustering methods
and region growing methods. While these algorithms have produced significant results in academic
research, previous studies have predominantly focused on simpler scenarios. These scenarios often
involve smaller point cloud datasets, and more regularly developed discontinuities with distinct
variations among different groups of discontinuities.

In contrast, practical large-scale applications present more challenging conditions, with discontinuities
that are numerous, and highly disordered with complex orientations non-smooth surfaces. These
complexities place greater demands on the ability of the algorithm to accurately process and efficiently
identify discontinuity.

The objective of this paper is to develop an algorithm capable of efficiently processing point clouds
containing tens of millions of points while ensuring high recognition accuracy for complex
discontinuities.

Methods

This paper proposes an edge-first connection algorithm, which first identifies all discontinuity edge
points in the point cloud without considering their specific association with any particular discontinuity.
The next step is to merge the non-edge points belonging to the same discontinuity through a connectivity
operation, thereby completing the identification process. This approach differs from traditional
algorithms that sequentially identify one discontinuity at a time before moving on to the next. The
advantage of the edge-first connection algorithm is that it simplifies complex logical operations during
computation, significantly improving computational efficiency.

The first step of the proposed method based on point cloud data is to identify discontinuity edges within
the neighbourhood. The method identifies edge points by analyzing the deviation of normal vectors.
Specifically, the normal vector for each point is calculated by fitting a plane to its nearest neighbouring
points. If the angle between the normal vector of a point and its neighbours exceeds a set threshold, the
point is classified as an edge point. This process is repeated for all points, effectively identifying the
edge points in the point cloud.

The second step of the method involves merging non-edge points belonging to the same discontinuity
by checking for shared neighbouring points. Closely located non-edge points within the same
discontinuity tend to have overlapping neighbourhoods, while points from different discontinuities do
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not share neighbours due to edge points separating them. This process is facilitated by applying
connectivity principles from graph theory, where points and their neighbours are treated as subsets of
nodes. The algorithm identifies and merges connected subsets until it forms maximal connected subsets,
representing complete discontinuities.

Results

The edge-first connection algorithm was applied to identify discontinuities on the Xulong slope located
in the Jinsha River suture zone. The slope, measuring 280 meters in length and 200 meters in height,
comprises a point cloud with 13 million points. The algorithm efficiently identified 2780 discontinuities
on the slope within just 3 hours, demonstrating excellent recognition efficiency. A comparison between
the discontinuities identified by the automatic method and those identified manually on the model
revealed that the pole plots from both methods had highly similar pole distributions and high-density
centres (Figure 1). Furthermore, both methods identified three dominant groups of discontinuities, with
their orientations shown in Table 1. The differences in orientations between the dominant groups
identified by the two methods ranged from 2° to 8°. This result demonstrates that the edge-first
connection algorithm also delivers highly satisfactory accuracy in recognizing complex fractures over
large areas.

(a) :

190 180 170 190 180 170

Figure 1. The comparison of pole charts from automatic method (a) and manual method (b).

Table 1. The comparison of the dominant groups from automatic and manual method

Method Group 1 Group 2 Group 3
Automatic 46° £30°  84°/74° 23°/63°
Manual 51°/32° 76°/72° 20° £60°

Conclusion

This paper presents an edge-first connection algorithm that uses a computational approach distinct from
traditional methods, significantly reducing complex logical operations. When applied to identifying
discontinuities on the Xulong slope in the Jinsha River suture zone, the algorithm delivered outstanding
results, showcasing both high computational efficiency and impressive accuracy. These outcomes
demonstrate the feasibility of rapidly identifying complex discontinuities across large-scale rock slopes.
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